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Geochronology and geochemistry of Neoproterozoic ultrabasic rocks in the western
segment of Jiangnan orogenic belt and constraints on their sources
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Abstract: This paper reports the characteristics of the Changjie olivine pyroxenolite from the Tongdao area in
western Hunan Province, western segment of Jiangnan orogenic belt. Laser ablation inductively coupled plasma
mass spectrometry (LA ICP-MS) U-Pb zircon dating of the Changjie olivine pyroxenolite yielded an age of 701
+ 11 Ma. The Changjie olivine pyroxenolite contains clinopyroxene, olivine and plagioclase together with a small
amount of Fe-Ti oxide minerals, probably suggesting that clinopyroxene, olivine and plagioclase fractionated

within the magma chamber. Geochemically, the Changjie olivine pyroxenolite is characterized by relatively low
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Si0,(44.01% ~47.72% ), ALO3;(6.77% ~9.10% ), TiO,(0.49% ~0.75% ), and total alkali (Na,O+ K,O
=0.07% ~2.04% ), and high MgO (23.97% ~30.70% ) content, and these rocks are of tholeiitic series and
belong to sub-alkali series. These rocks display ocean island basalt (OIB)-like signatures, characterized by the
enrichment of light rare earth elements [ LREE, (La/Yb)y=3.36~6.48] and large ion lithophile elements
(LILE) relative to high rare earth elements (HREE). Moreover, they also display typical arc magma features,
such as significant Nb-Ta troughs, relatively high Th/Nb ratios (0.52~0.81) and low Nb/La (0.25~0.44)
ratios, and typical low Nb content (1.11 X 10 ®~3.91 X 10 %). These rocks show relatively high initial
(YSr/%Sr); ratios (0.707 206~0.708 561) and positive eNd(z) values (0.25~0.41). Furthermore, the geo-
chemical signature also suggests that the Changjie olivine pyroxenolite was produced by low degree of partial
melting (4% ~ 7% ) of the spinel-facies, asthenospheric mantle peridotite which had been matasomatized by
slab-derived fruits/melts. In combination with the regional geology, the authors infer that the deep dynamic
mechanism for the formation of the Changjie olivine pyroxenolite was related to the partial melting of upwelling
asthenosphere mantle due to the rifting at about 700 Ma in the western segment of Jiangnan orogenic belt.

Key words: Tongdao area in western Hunan Province; Changjie olivine pyroxenolite; zircon geochronology; up-
welling asthenosphere; rifting
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Fig. 1 Geological sketch map of the Jiangnan orogenic belt (modified after Yao et al., 2014)
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Normalized values and data of OIB are from Sun and

McDonough (1989)

K MR A T IR BESS S nT e R AR I S R A R
Mif oy B4k b A, MgO 5 6% Ni Ml Cr
AR RMAR R ARG KA fErh, A T R
AW A FIRIONS A LA B /b B R SR 0 1 0 5 45
X5 A S — S
4.1.2 HsEiRYE

KIS 8 1 2 B AT s I 46 (87 Se/%0 S, M8
(0.707 206 ~ 0.708 561> FIEK eNd () {H (0.25 ~
0.4 CE 7O, F5n JL AT B8 52 21 T Hb 7 ) It 1)V G
(Taylor and McLennan, 1985). #{ & L& Th fl Ta
Yy 52 M 7 VR AR IR S R, 47 52 Hb 5e TR G ) 4 5 3
Th/Ta BT &, BIEMNE A4 Th/Ta A 2.5~
4.1, m TR HE ) Th/Ta (2.1, Sun and Mc-
Donough, 1989), 1fif £ i1 #h 72 ] Th/Ta {6 (3.5,
Taylor and McLennan, 1985), K SR WA 4 H AT
ECTh/ YD) py (B (5.5~ 12. 9O FI(La/Nb)pyfE (2 . 4
~4.2), IXECRFAE Ul A SNV 1 s T RESZ B T
M 5EH) BRIV B o 53 A, 52 A Bl 0 ) T G T

% 2 %%E‘E%i%( WB/O/O )*u%ﬁ%ﬁ%( WB/10_6)
PR
Table 2 Bulk rock composition of major (wy/% ) and trace

elements (wg/10°°)

FERLYS CJ14-1 CJ14-3  CJ14-4  CJ14-5 CJ14-6  CJ14-7

SiO, 44.01 44.95 46.05 47.06 47.72 45.12
TiO, 0.71 0.57 0.49 0.70 0.75 0.54
ALO; 6.90 6.99 9.10 8.43 8.64 6.77

FeOT 13.94 13.86 14.26 13.49 13.99 13.49
MnO 0.26 0.23 0.25 0.25 0.23 0.21
MgO 30.70  29.02  25.37 23.97 24.79 30.59

CaO 2.83 4.25 3.92 3.96 3.05 3.12
Na,O 0.12 0.03 0.14 0.04 0.04 0.03
K,O 0.45 0.03 0.33 2.00 0.70 0.06
P,0s 0.07 0.06 0.08 0.09 0.09 0.07
Mg* 81.5 80.7 78.1 78.0 78.0 81.9

LOI 8.67 11.78  6.83 7.30 8.24  10.98
Total 99.34  99.09 98.33 98.39 98.65 99.44
Y 7.86 7.76 7.50 10.20  10.50  6.90
La 3.84 3.47 4.93 8.44  10.30 4.57
Ce 8.14 8.16 11.00 16.80 20.10 9.83
Pr 1.11 1.13 1.40 2.14 2.53 1.30
Nd 5.40 5.44 6.36 9.76 11.20  5.98
Sm 1.37 1.49 1.57 2.07 2.49 1.42
Eu 0.41 0.55 0.38 0.64 0.69 0.57
Gd 1.69 1.59 1.84 2.34 2.47 1.55
Tb 0.25 0.25 0.25 0.33 0.39 0.24
Dy 1.62 1.58 1.51 2.02 2.35 1.52
Ho 0.30 0.29 0.30 0.40 0.41 0.28
Er 0.91 0.83 0.80 1.14 1.17 0.77
Tm 0.11 0.11 0.12 0.16 0.16 0.10
Yb 0.82 0.68 0.79 1.05 1.14 0.72
Lu 0.11 0.10 0.12 0.16 0.15 0.09
Rb 26.60 1.80 20.10 125.00 42.60  3.48
Sr 34.90 113.00 28.50 93.70 72.10 76.70
Ba 43.50  10.90 20.20 145.00 57.10  8.86
Th 1.02 0.64 1.76 1.86 2.04 0.62
U 0.44 0.28 0.77 0.88 0.92 0.29
Nb 1.53 1.11 2.17 3.23 3.91 1.13
Ta 0.17 0.12 0.21 0.28 0.37 0.12
Zr 49.30  39.40 40.60 53.20 58.40  31.30
Hf 1.46 1.17 1.16 1.57 1.65 0.87
Ni 1 469 1384 623 970 1028 1 441
Cr 1948 1753 1221 1478 1421 1788
Pb 4.01 1.65 1.29 4.13 11.80  3.33
Ti 3657 289% 2661 3699 3901 2878

(La/Sm)y  1.81 1.50 2.03 2.63 2.67 2.08
(La/Yb)y  3.36 3.66 4.48 5.77 6.48 4.55
(Dy/Yb)x  1.32 1.56 1.28 1.29 1.38 1.41

O0Eu 0.82 1.09 0.68 0.89 0.84 1.17

AR AT« [F 55T SEI0 MR by, 8T i FRITER N X 2k
PN (XRF), i TG H A ICP-MS; KT T4 E G E & &
h B BRPE R R G 5 & Total A JEIAMNKEIE FRTE N E &
1 FeOT RRE M F &, FeO=FeO' X 0.899 8; Mg = 100 X Mg/
(Mg + Fe); 8Eu=2Eu/(Sm+ Gd)-
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s DY A K0 (La/ Ta)y (H IR &, — M # >25(Las-
ol MOR siter and DePaolo, 1997), K S MMM 4124 (La/ Ta)y
EHE AN T 25, A — A FE i (La/Ta)y fH A
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Fig. 7 eNd(#) vs. (87Sr/30Sp), diagram of the Changjie

olivine pyroxenolite

=700 Ma, F# TRiZe(LCOEIRAK A Gao et al. (1999, Ma e
al . (200001 Zhao er al. (20100, L4558 (UCCOBE A A A
(19930, DM i 18 ) . MORBOK X4 ) OIB (G &)
ZEUEDVEMICE A T O EM T Ca 4£ Hubg 11O 204 ok [
Hawkesworth et al. (1984), Zindler and Hart( 1986 ), Salters and
Hart(1991), Salters and White(1998), Salters and Stracke(2004),

Stracke et al.(2005), Jackson and Dasgupta(2008)
All the initial isotopic ratios were corrected to 700 Ma. The data of
the Yangtze lower continental crust (LCC) are from Gao er al.
(1999, Ma et al. (2000) and Zhao et al. (2010, and the data of
the Yangtze upper continental crust (UCC) are from Hao Taiping
(1993). The data of DM (depleted mantle); MORB (mid-ocean
ridge basalt), OIB Cocean island basalt), EM | Cenriched mantle of
type 1 ) and EM [l Cenriched mantle of type Il ) are from
Hawkesworth ez al. (1984), Zindler and Hart (1986), Salters and
Hart (1991), Salters and White (1998), Salters and Stracke (2004),

Stracke et al. (2005), Jackson and Dasgupta (2008)

Fx3 HAEBEKAEMIERS Sr-Nd B EEK

Table 3 Sr and Nd isotopic compositions of Changjie olivine

pyroxenolite
Fe5 CJ14-3 CJ14-6 CJ14-7
w(Rb)/107° 4.05 8.56 4.55
w(Sr)/107° 31.79 38.92 35.85
w(Sm)/107° 1.51 1.22 1.20
w(Nd/10 76 5.39 5.22 5.07
87Rb/%0Sr 0.3754 0.649 3 0.3746
87Sr/80Sr 0.712316+9 0.713702+7 0.711408+9
47Sm/ ™ Nd 0.169 5 0.1419 0.1418
BN/ Nd 0.512526+9  0.512407+8  0.512401+9
BN/ M*ND; 0.511 747 0.511755 0.511 749
(¥7Sr/%08p), 0.708 561 0.707 206 0.707 661
eNd(2) 0.25 0.41 0.29

g P IR G o R U, K SRR A1 A T it
Firp ] G2 3] B e s iR g, Wl 9 s .
4.2 BREX

IR M AT o A R A T Bk & B, B
T w5 2L A A A (B SaSh) . KA
WA H B A S OIB AL + o0 Ffl i o FE L 4
i 2E B (K 6a~6b), 2 Th/Yb 1H 4 0.86~2.23,
BIME A 1.47, HE/Th 154 0.66 ~ 1.83, *F3B{H K
1.2,755 OIB AL (Th/Yb = 1.85, HI/Th = 1.95;
Sun and McDonough, 1989). 73 4k, K 5 BN ¥ A4
1 1) Sr-Nd R # LA T O1B X (B 7). 5
BT, B i B Se-Nd R A 250 TR B T K
TR PR IE T 5 OIB ARABL ) M X

~ A K, OIB Y5 T~ M b A Clut, VYT 75 A
Morgan, 1971, 1972; Zhang et al ., 2006) B¢ # i
P&l 1 18 ( Hofmann, 1997; Jahn ez al., 1999; Zindler
et al.» 1984« W57 W DS K i IR 1 7 44 R A 550
‘K(Hart and Kinloch, 1989; Irvine, 1975), H.Huh& 4
R OIB i 1= 76 3 & s 8wy CP3E A 200
10 °, Sun and McDonough, 1989 ), il & K Fi HiUHE 1%
A R TR S i B T R S SRR REE
H25.7X107°°~55.6 X 10 %), kA, Hubd A3 )
JIT 5 R 1A FRE e S T P 1) 2 A P ik )
K KA 2 (Zhang er al . 2006, PEAR R E K K
4 4 (Czamanske et al.» 1998; Kamo er al .»
2003 1, AR A HT ABIFFT, A DX I8 AT 14 AT B8 3% 2l I
24 825 Ma(Lis 19995 Li et al.> 1999, 2003b,
20105 5K & 21 4%, 2009) Fl/8% 760 Ma (& 4% M,
2006 » A U A &5 FE3RAF 17 30 18 K RO A o
A U-Pb 4484 700 Ma 2247, 5 X 38 4 7T 6g 4775 11
MR AT B I AN o 53 4h, AE 3 CR R R B
It PRV A i R VT, R4S R SO R A T S )
W EECLIT 300°C )55 B e 1 e 1) 3 B2 AH 24 (1 280 ~
1 350°C » McKenzie and Bickle, 1988), tA/EUE T K 4t
RUAE I A 2 ] S Y T 0 I e b 2 g AN 2 b s A
DAT I, AR SN A K SRR A 2 1R 2 SR X n] e
R P M, LB RO T RE S X P T oo AR O e
SRR
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Fig. 8 Variation of MgO versus major and certain trace elements for Changjie olivine pyroxenolite

Ty Ah s K RO K ) IR s g R I
WA, W 21 Nb-Ta #7155, 5 & 1 Th/Nb
HC0.52~0. 8D FRAKH) Nb/La fEH(0.25~0.44) LA
FAENDEH (1.1 X 10 ©~3.9X 10 ), iX LefFE 3
L8R By L O AR AL CTh/Nb = 0,11 ~
2.0, Nb/La=0.15~0.63, Nb “F¥EH N 1.6 x
10 %; Kimura and Yoshida, 2006 ), £ Nb/Yb — Th/
Yb B CE 10a) 7, & SN A7 4 7% N MORDB-
OIB WX 77 1 By 9ICE 2R IX N, Zr/Sm — Nb/ Ta K

fiEtCE 100D EBENICE KN . BHEN T, 25
HA“HE I AL OIB iRl %2 2 7 Hh 52 M) i ik
G, YR b G 5 1L DR SR 5 A R VG S
HuX HELRE A R 2K 3K, 2006: Zhou et al .» 2007), U
A HTIA, K SR A 25 R 52 1) _E Hh e 9 i 1R VR 4
H2, B ST I R B K0, B b 524 i
HIRMEM MgO(Xu er al.» 2008), 4 b7 i
K N 2K FE MO v A A A b, KOO
WA MgOA T BER11A23.97% ~30.70 % » X Bt 1,
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Fig. 9 Diagram of (Ta/Th)py(Th/Yb)py(a) and
(Th/Ta)py—(La/Nb)py (b, after Neal ez al ., 2002) for the

Changjie olivine pyroxenolite
Kt A7 ) M 8 254 2k H McDonough (19900, N-MORB #i Sun
and McDonough(1989), L HFI R Hi5% 48 Taylor and McLennan
(1995
Data sources: continental lithospheric mantle ( McDonough, 1990,
N-MORB (Sun and McDonough, 1989), Lower crust, middle crust
and upper crust (Taylor and McLennan, 1995)

TR A e IR I I IR R I 1 B KK T
Y DX AR A T AN 2 SR 52 R e, FLUR X B AT el
M RT BEAF A5 5 o A AR SR I BN, BAE
FRIONE N A0 5 T s 2 s A - AR b 39 T 2% DX i
Pl 3t m e 2008 52 1R i AR/ AR 1R A AR AR
Mg . WFSER WL, 31 B 9 ZeAE 3 it A 40
W e — NGB K o e R RO AE T eV
3 16 1] 371 AT BT b 1) A 38 Bl g AE LR

2000)

Fig. 10 Th/Yb- Nb/Yb diagram Ca, after Pearce and
Peates; 1995) and Nb/Ta— Zr/Sm diagram (b, after Foley
et al.» 2000) for the Changjie olivine pyroxenolite
N-MORB—IEH# IR 1 X il s E-MORB— & £ K R¥Eh A7
KiE ;s OIB—E R X ills
N-MORB—normal mid-ocean ridge basalt; E-MORB—enriched

mid-ocean ridge basalt; OIB—ocean island basalt

(Yao et al .» 201352014, X 1] BEZ X IMAA 4H i
A/ PRI N

SR LIRS SR A MO R A e S X
WU L 0, R A T R R SO 2 2 T %
DX AR Pl M 28T 2 3 T R A e i AR R i 7K
B RIUE G IR AR /S AR IR AT AR

W], M 1T R (LREE) iR A TER M A
BFEATRE T A AR ASAR AR 5 1 R 1 (HREEDAE
AT AR A AR A T R A
(McKenzie and O” Nions, 1991; Irving and Frey,
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1984), BV ) HREE BB A7 C 73 i 2 5 75 K 57
R A A U T O i A AN 5 X L (Dy/ YOy =
1.27~1.56 1, KA MBS A7 25 (% (La/ Yb)y fE(3.4
~6.5) W Ui WU X 4 AR A A SR B A (Yang er al . »
2007). Lassiter 2 (1997)WF 5T K B, f L&A 40 & G
R R AT AL 73 B R A B Yb A Sm), Wi
EEAE AR AR /N HASN 52 43 B &5 b A I 52 0, 40 Th/
Yb A Yb/Sm, I LLH AT DL R AR 7R U5 DR AE B 9K
WAL L. 1 CTh/Yb)py 1 CYh/ St dpy [ 77 41
CE 1D, KA A SET I d RN A A
Wi W Rl FH 32 SR AR AR R A A RSUE X,
RLFR BERAR LI R 4% ~ 7% » 1IX 5 H2A IR /N
TR B M CR AR R 4 B R A i s v
5L, BRAF K TN A7 25 T TE U 1 AR 2.2
GPa, H A4 BAR T CaO/ALO; H(0.35~0.61),
5 W LT il R ) 82 (Hirose and Kushiros 1993;
Baker and Stolper; 1994)

F4 McKenzie 55 (1991) F1 Robinson 55(1998)
FIRIFIT , 2R A A X FRIR BE Y /1 7580 ks JIT
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Fig. 11 (Yb/Smpy(Th/ Yb)pyfor the Changjie

olivine pyroxenolite
P Shaw, 19705 Janney et al.,» 2000; Salters and Stracke, 2004;
Workman and Hart, 2005; Ito and Mahoney, 2005; Zhang et al. »
2006: BT RN T S RLAR BE 19 B, 4 AR AE A R A A 1 Le e
ML FoR , TR RS 5 B
After Shaw, 1970: Janney et al ., 2000; Salters and Stracke, 2004;
Workman and Hart, 2005; Ito and Mahoney, 2005: Zhang et al. >
2006; The grid indicates the range of model compositions. The pro-
portion of melt formed in the presence of garnet is indicated by light

lines: curves of constant melt fraction are shown with coarse lines

4.3 R hEER

B Bl 4 L I R T DA Rk DL LA s
W: @ Hubg A3 3 (Wilson, 19895 Zhang et al. »
200605 @ AR, RILE 18 Ly il 3 g 19, DR o
773 B0 Ly AR R T 35 46 7 A Bl 2 ek 7 ( Gardien
et al.» 1997), Ml 2 BUH R ) ot B3l © i eh
B 1 W7 25 48 49 Bl 131 ( Von Blanckenburg and
Davies, 1995); @ i B Mg 57 37 1 #uz i /E 1 5
HUA A B (Houseman et al . > 1981) 8 4 it 18] L
WAL © HAEH TSR E Y R i, JOf

WrEy ik, K SN A7 TR BT 700 Ma 22
A7, %I WARE 5T X I S AT e R 3h (RS . A i
Ll ERE I, e 1 D0 5 350 A B AR R 3 5,
A 5 A B, R B I R A L s i,
[F] B 4, £ 5 30 K 0 A 1K) b 56 48 il C Turner er al . »
1999), XM, HET %X H-BAIRT 700 Ma B #49K
NSRS IR TG 2. SRAh, 1ZIX IR I AR 32
BURAEZE 1100~ 850 Ma I (ZRVLIHESE, 19995 Fif:
FAE, 20015 &F A, 2012), AW (/E - & T T
F I LT S A PR A AR A 3 L 4 G
gl Uk, W SR R AR 55 A B AR UL, 3L AR I T
AIHER 850 Ma ZrAio ARF AR 1) T B — M ke A A
T A Je bR I B, 12 X AE 850 ~ 800 Ma B 14k T
S AR oz A B B CRY R, 2012 8 X 7 9 o 5 7Y
FR B S R A S R e A e M B S R R
Rl 5 AR A . AE XIS R, BT AR R,
TE R IR ) 5 22 05 3 CTurner et al . » 1999), X 5
A DN 25 G AT

ZE L PTIR, TE K SN W A 1 B g 2E ML
TRATHE A 244 1F FH 3 SO Rl 4 ot F3im o kAR
filt, #7522, 75 700 Ma B 3, VI R 3 1L iy 74 B nT R
AT RN R RE T 5N, XRS5 — 2
(Bl A2 4, 20015 F 2246 5%, 20035 &F B A, 2012,
McKenzie %5 1988 ) TF 97 3 BH K Uit Bl & A= vk s 5 Flt
(TP 22 A Bl 22 /b 2/ 80 ks B ZE SR K
i P 7 1) 2 A T S Sy ik 1) S A P S g, 3 S
KON AT AR X R 9 A RO 25 AR (< 75
~80 k), FF AV A A7 P S (SR .l et s
T Rodinia #RFEAE 700 Ma N 5 40T 240 IR

(D KA A 25 BB A K Si0,(44.01 % ~
47.72% ), 5 MgO(23.97% ~ 30.70% ), 4> B 7 &t
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