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Abstract The Cenozoic basalts from Hannuoba contain abundant xenoliths derived from mantle and crust. As pyroxenite and
granulite xenoliths appear very similar by naked eye sometimes, it is easy to confound the two kinds of rocks. Here we present our
research on the genesis of pyroxenite and granulite xenoliths through petrographical observation, mineral chemisiry and trace element
and Sr-Nd isotopic compositions of clinopyroxene. The results indicate that the two kinds of xenoliths are remarkably different.
Granulite xenoliths have layered cumulate structure and both kinds of pyroxenes (salite and bronzite) are relatively rich in FeO and
poor in MgO. Clinopyroxene in granulite xenolith is relatively enriched in REE and characterized by high ¥St/* Sr ratios and low
"“SNd/" Nd ratios. In contrast, pyroxenite xenoliths generally show massive structure. Diopside and bronzite- enstatite of the pyroxenite
xenoliths are relatively rich in MgO and poor in FeO. Clinopyroxene in pyroxenite xenolith shows very low REE content and a REE-
depleted pattern. Isotopic compositions of pyroxenite xenoliths are between those of peridotite and granulite xenoliths. The above
features as a whole suggest that granulite xenoliths result from magma underplating, which was subjected to lower crustal contamination.
However, the pyroxenite xenoliths, distinguished from peridotite and granulite xenoliths, are derived from enriched mantle.

Key words Xenolith; Pyroxenite; Granulite; Genetic significance; Hannuoba
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Microphotographs of typical structure in granulite and pyroxenite xenoliths from Hannuoba
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Table 1  Electron microprobe analyses of minerals in granulite and pyroxenite xenoliths from Hannuoba (wt% )
HAZAE AHE R AL R RS — W HRHIELTR
ETES n=3 n=8 n=13 n=3 n=2
WY Cpx Opx Cpx Opx Cpx Opx Cpx Opx Cpx
Si0, 50.23 ~50.52 52.33 ~52.74 48.01 ~51.74 50.49 ~53.87 51.31~52.96 53.78 ~56.28 51.86~52.84 54.97 ~55.63  48.71 ~50.25
SEEIE 50. 34 52.55 50. 27 52.53 52.09 54.83 52.21 55.35 49.48
Tio, 0. 88 ~0.94 0.13 ~0.17 0.55~1.54 0.11 ~0.30 0.22~1.13 0.02 ~0.27 0.33~0.79 0.11~0.18 0.52 ~0.54
S 0.91 0.15 0.96 0.16 0.51 0.11 0.59 0.15 0.53
Cry05 0.01 ~0.13 0.06 ~0.26 0.02 ~0.72 0.03 ~0. 46 0.10~1.26 0.05 ~0.67 0.53 ~0.57 0.21 ~0.25 0.11~0.20
SEH(E 0.08 0.13 0.30 0.19 0. 62 0.37 0.55 0.23 0.16
AlyO4 6.38 ~6.54 4.49 ~4.92 5.17 ~8.61 3.54 ~8.61 3.81 ~7.67 2.45~5.71 6.09 ~7.13 4.00 ~4.89 7.69 ~8.79
SEHAE 6.47 4.74 6.83 5.20 6.35 4.65 6.54 4.48 8.24
FeOT 5.91 ~6.70 14.74 ~15.79  5.18 ~7.27 12.97 ~16.12  2.10~3.87 5.70 ~8.87 2.18~2.44 5.47 ~6.16 3.76 ~5.09
SEHA(E 6.19 15.23 6.00 14.22 3.19 7.75 2.35 5.84 4.43
MnO 0.09 ~0.15 0.23 ~0.28 0.06 ~0.18 0.19 ~0.42 0.05~0.13 0.12~0.24 0.08 ~0. 10 0.12~0.15 0.06 ~0. 11
SEHAE 0.11 0.26 0.13 0.26 0.10 0.17 0.09 0.13 0.09
MgO 13.15~13.44 26.12~27.01 11.72~13.84 24.20~28.15 13.77~15.23 29.76 ~32.52 14.55~14.94 32.10~33.00 13.35 ~13.99
SEHAME 13.33 26. 60 12.81 26.48 14.52 31.21 14.79 32.48 13.67
CaO 20.95~21.42  0.46~0.54 20.05~21.64 0.47 ~2.16 19.05~22.78  0.32~0.93 20.28 ~21.41 0.50 ~0.58 22.15~22.29
SEAAE 21.22 0.49 20.90 0.71 21.02 0.55 20.91 0.55 22.22
Na,O 0.92 ~1.01 0.02 ~0.03 0.98 ~2.08 0.03 ~0.09 0.74 ~2.11 0.02 ~0.17 1.47 ~1.60 0.07 ~0. 10 0.43 ~0.80
E{E 0.95 0.03 1.35 0. 05 1.35 0.07 1.53 0.08 0.62
Total 99.60 ~99.62 99.99 ~100.36 99.12 ~100.02 99.01 ~101. 11 99.06 ~100. 63 98.73 ~100.75 98.34 ~100.53 99.01 ~99.85  98.62 ~100. 04
E{E 99. 61 100. 19 99. 56 99. 81 99.75 99.72 99. 56 99.29 99.33
Wo 47.0~47.8 46.8 ~49. 1 45.4 ~50.0 47.2 ~48.9 49.5~49.8
En 41.0 ~41.8 73.5~75.6 38.9~42.9 72.1~78.4 43.3 ~48.4 84.6 ~89.7 47.0~48.2 89.4~90.1 41.5~43.5
Fs 10.5~12.0 9.3~13.3 4.0~7.4 4.1~4.6 6.9~9.0
Mg* 77.8 ~80.2 75.0~82.4 86.6 ~92.4 91.6~92.3 82.4 ~86.9
oy eS| RHE THERRRLE Pl o — e Ol oM — & Sp W Sp
B % DM9859 DM9860 DM9871 HD68 08JSB08 08JSB08-2 08JSB08-2 CJ955 DM9842  08DM15
Sio, 53.30 52. 88 54.62 41.38 41.29 40. 19 0.01 0.01 0. 04 0. 05
TiO, 0.02 0.04 0. 05 0.04 0.07 0.01 0.17 0.25 0.04 0.04
Cr, 04 0. 00 0.03 0. 00 0.01 0.03 0. 00 7.08 7.31 1. 08 3.52
Al, 04 28.79 28.95 27.62 0.02 0.00 0. 00 59.72 57.75 64.97 62. 56
FeO" 0.13 0.10 0.11 9.45 8.81 9.88 9. 81 12. 84 12. 06 11.23
MnO 0. 00 0.01 0. 00 0.07 0.18 0.13 0.07 0.30 0.20 0.13
MgO 0.01 0.01 0.02 48.17 48. 80 49.27 20. 64 18.01 20. 50 20. 09
CaO 11. 45 11.71 10. 36 0.02 0.03 0. 04 0.03 0.01 0.01 0.02
Na, O 4.83 4.62 5.28 0. 00 0. 00 0.00 0.00 0.01 0.01 0. 00
K,O0 0.35 0.34 0.32 0. 00 0.00 0.01 0.01 0.02 0.01 0.00
NiO n. d. n. d. n. d. 0.35 0.40 0. 47 0.54 0.23 0.26 0.54
Total 98. 87 98. 69 98. 37 99. 51 99. 60 100. 00 98.07 96.73 99. 17 98.17
An/Fo 55.6 57.2 51.1 90. 1 90. 8 89.9
Ab/Cr* 42.4 40.8 47.1 7.4 7.8 1.1 3.6
Or 2.0 2.0 1.9
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Cr, 04 ( <0.3% ) S0 an i — WS RS — W 2 Th B 1
B Cr,0,(0.55% ~0.62% ) R4k, — it — WM 2 1
YR Cr,0, A h T R AR A, K R IR

AR An 51 ~57 B TR A, WRHE O RRORLA
FEARHE AT An (BRI RHEE A7 Mg" B SR 5 #E AT En fEL 53 51
YRR (IS ) R AT AT — 2 A G R B A 1
PERREE AR, BHE AT An (B BAARBEEA Mg (HRIAH T #E AT En
ARG K o MHORE — W2 v AR MO AT o BE MR A7 Fo 90 ~
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Table 2 Trace element abundance of clinopyroxene in

representative granulite and pyroxenite xenoliths from Hannuoba
(x107%)

HEOER R RRMERE RS RHC RS
e 08JSBO7 WD9519 WD9531 HDW13 WD9528 WD9532 WD9534

Sc 45.41 13.10 13.25 71.73 85.85 76.17 83.44
v 154.6 57.31 67.97 294.2 353.70 385.9 313.5
Co 28.51 10.18 16.30 32.61 37.27 37.64 34.23
Ni 346.3 19.54 30.62 60.00 62.93 70.59 82.38
Ga 2.32 11.97 14.50 8.49 13.11 12.73 11.14

Pb b. d. 1.89 2.29 0.51 0.21 0.11 0.10
Sr 39.2 138 183 140 233 59.8  78.7
Zr 0.70 99.12 117.43 27.87 34.57 31.99 28.51
Hf b. d. 2.27  3.19 1.25 1.45 1.34  1.24
Ti 631.7 2639 2192 3763 6685 5286 4488

Y 2.8 6.73 9.36 15.71 17.36 17.13 16.99
La 0.19 11.59 9.30 2.87 2.84 3.73 2.82
Ce 0.60 34.11 30.03 12.06 12.49 16.02 12.05
Pr 0.10 4.72 4.38 2.19 2.45 2.72 2.27
Nd 0.60 19.67 20.80 14.15 14.98 15.20 13.20
Sm 0.25 3.67 3.69 3.70 4.36 4.08 3.96
Eu 0.13 0.9 1.03 1.29 1.58 1.29 1.27
Gd 0.42 4.97 3.49 3.81 3.92 2.77 3.80
Th 0.07 0.46 0.39 0.59 0.63 0.63 0.58
Dy 0.54 1.46 1.95 3.35 3.68 3.44 3.55
Ho 0.09 0.29 0.37 0.56 0.73 0.63 0.69
Er 0.31 0.93 0.98 1.55 1.83 1.60 1.82
Tm 0.04 0.10 0.13 0.18 0.25 0.20 0.24
Yb 0.32 0.71 0.87 1.20 1.51 1.28 1.50
Lu 0.04 0.09 0.13 0.18 0.20 0.17 0.21
>REE 3.68 83.87 77.52 47.67 51.45 53.78 47.98
La/Yb 0.59 16.35 10.67 2.40 1.89 2.93 1.89
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0.5121 ~0.5128) , M4 | F2 B 450 8 MM 4 A0 3 3 0K
AR Se ik Nd BORFIE. T RER Sr [ 3R 41n B i1
— 1k CHERR T SR HIX A A B9S2, T Nd [R5 3R 7 £k
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Fig.4  Chondrite-normalized REE patterns (a, chondrite-
normalized values after Anders and Grevesse, 1989) and
primitive mantle-normalized diagrams of trace elements (b,
primitive  mantle-normalized  values after Sun and
McDonough, 1989 ) for clinopyroxene in representative

granulite and pyroxenite xenoliths from Hannuoba
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Table 3 Compositions of Sr and Nd isotopes of clinopyroxene in

representative granulite and pyroxenite xenoliths from Hannuoba

875r ]43Nd

FAZEA] K5 %g, o g 20
TEE 08DM12 0.704915 0.000011 0.512773 0.000118
A 08JSBO7 0.704901 0.000016 0.512104 0.000011

THERRRLZAE 08DM40 0.707262 0.000014 0.511389 0.000116

FHE T HERRRL S DM9861  0.708379 0.000018 0.511791 0.000006
FHE “HERRORI S DM9871  0.707966 0.000016 0.511760 0.000008

FITEARAY ™ N/ Nd A%, I HL &R AT BBk (77 Sr/* Sr
=0.7080 ~ 0.7084) kv & R A 0 R br = (Y Se/* S =
0.7073) HAT H 5 9™ Se/% Sr U AfE, B R T &K A & Xt
A Sr [l AR
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0.5135¢
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—_— BEESS

0.5125¢

143Nd/144Nd

0.512+

0.5115F
AL A 1 5 1K

0.511 . . . L
0.702  0.704 0.706 0.708 0.710 0.712

&Sr/%Sr
S DU XA [F] 28 LA A7 Y Se-Nd [R]37 23% 141 i
NGRS -3 Song and Frey, 1989 ; 2 = % ik 242 Song et al. ,
1990 ; JBfok 7 P 3 [ 25, 1998a 1 Liu ef al. ,2004. O-FHK —#%
IR s - RRRL 5 + - s
Fig.5 Plots of* Nd/'"*Nd vs. ¥St/*Sr for different types

of rocks from Hannuoba
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WA o B LA WA SR 5 R B A B ke 56
e TSI R e A4 114 Se-Nd [R] 37 22 41 B AR 4 Bk (S AN
25,1993 B ) o J S R RRRL A s 1) EMI & AE g i I
PAVARFAE , T P4 €0, 02 5 4 35 AR RRORL 2, 5 TR 4
WAFTE i 5o LATERY Se-Nd [R]47 2 98k R (BRI A %,
1997 ; 3K [ #5245  1998a; Xu, 2002 ; Liu et al. ,2004) , 45 #24—
TR HE A - BT 540 5 TR R A 2L 1a] EMI & 45 ik oot
PER RO R RRE , AT BE S 5K BB A Y VR WA A T B (Bt
WS ,2005 ) 5 I — 20 W 2 TR 38 40 VK 7E X A
I TRe S XA K RIS A X, RSCWE SRR, )5
WA A5 R BT R TR SR R AT AL

S

WEFE R, 41l 155 VR RRORL A R B3 (O o, iR e i A
P ZE R AR 3, T2 50 DL T BRI A i Bt JT R R S
Nd [RI7 ZRA E#RAFAE I I 22 591, & ) B A A [m) 1 2k 5 F
R 4 B SRR S v 7 o £ RO ARHS A TR 2 AR HE A
T, PR ) (W% M A R0 R ) AE BT MO &
FeO, HARMAE £ REE AH X & & S48 U BRI, BA Tz M
75 Se/% Se AR N/ N 1R R ARFAE . 483 AR R i
AR AU B A R I IR N R E 2218 3 28022 3 1A
I HINA & JR AR AE B A K 309 R4 22 44 ( Bohlen and
Mezger, 1989 ; Rushmer, 1993 ; 2k L 3§ F1 %1 25 55 , 1996 ; B 4H 3
£ 1998 ,2005 ; Chen et al. ,2001; Liu et al. ,2001,2004 ; Zhou
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et al. ,2002; Wilde et al. ,2003 ; Zheng et al. ,2009) , KRk
FraR AL REE 5 82 RIZ0RE Sr Ak Nd [ AL R FRAEARR I,
Hiuhe R DX R 22 Iy ik AR AVE A, TCe SR TR XA M A TR L (5K
A 1998 ; X1 B P45 2004 ; Zheng et al. ,2009 ) i J2 #1852
RAEHI(Zhou et al. , 2002) , LT HRIZ AT MR, th T Sm-
Nd 4 R R T BT 25 5 DR e 3t FAD , RIVAREE i A JRROREL 3 A A2
T AR & A= 43 88 M, 153 W AR ORL 25 19 Sm/Nd
FUABL, 23 A5 4E 0. 26 ~0.30 Z 1), & T° a7 i T 5 g
BT, KRG RIRRR @ R Z 3 T T
R,

T RN S — i Sy HOIR AR 38, T A AR R R0 IR B i 45
¥, RN A7 0 ) (3 W A RN oy ) W A - KOV ) AR R e
MgO 3% FeO , 33 BE 45 F 44 35 FOB™ 41 B 43 b (0 RRAE 2B 55 12 IX.
HuB AR A B AU . WA S D BRI REE S &R JF:
85 TR E AR LT 5 BAEC SRR, SR T E AT BE L 2
W FR AN R ER AR T W o WA A D Ze HE 157 F5URN Se (19 &
5 E T IE Ze, HE B0 5 A0 Se i W TR I EE XS 1L, 36
WIERTAARIR X, EIHIEAM A ITCE Sr (19 1E 55 0 24 &
PRIXAS B R TR S5 IS ARAE T TE i, PR R 2R 22 g 3 22
R SEAE b 25 3 W Ho Al LILE FI LREE 196 48, {H 3¢
A ILENZIERHE . ToIR N REE JCEHR 2 [F 07 28 4 BURHIE i
MR (E B HRHERR T WA A R X RCE A R R  JF
Zr,Ti j% 88 HFSE (475 5t 3% W AF 20 0 45 b s A (A S0
WA, 1997 ) o ASCHOREAT 5 [R) 5 3R 21 A T4 5 AR o
AL =2 [8] , 55 R A FAR™ Sr/% Sr 785" Nd/'™ Nd |, 554
AR AR SCRAR™ N/ Nd 57 Se/™ S fif 25 J5 4
W, T RE R WA 35 MO A1 Aok F S R U, S TR AR X A
WA BN Nd 77 R A~ T &R E EH 40 =Y
(BRIEASE 1997 5 30 55 k45,2004 ) o [F2 R 45 R s, #EA
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