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Abstract: The compositions of the whole rocks and trace elements of minerals in peridotites can reflect the characters of
lithospheric mantle. The nature and evolution of the Cenozoic lithospheric mantle beneath Hannuoba, which is located on the
north edge of the intra-North China orogenic belt, are mainly discussed based on the in situ, LAM-ICPMS detected trace ele-
ment compositions of clinopyroxenes in the Hannuoba peridotitic xenoliths, combined with detailed petrographic and petro-
chemical studies. The Hannuoba lithospheric mantle was formed by different partial melting of the primitive mantle. Most of
the samples reflect a partial melting degree of lower than 5% with a few samples of 15% —20%. Major element composi-
tions of the whole rocks and geochemical compositions of clinopyroxenes reveal the coexistence of both fertile and depleted
mantle underneath the Hannuoba region during the Cenozoic. This was probably caused by the asthenospheric mantle that
replaced the aged craton mantle through erosion, intermingling and modification. Our conclusion is further supported by the
existence of both carbonatitic magmatic material and silicate melt/fluid metasomatism as magnified by the trace element com-
positions of the clinopyroxenes from the Hannuoba lithospheric mantle.
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Table 1 Values of Mg* and Cr*

from Hannuoba

Cr*

of minerals in peridotites

Ol Cpx Opx Sp

Mg# Mg# Cr# Mg# Cr#¥ Mg Cr#
DM02—3 90.8 92.0 9.90 91.5 7.60 78.2 17.5
DMo02—4 90.8 92.2 12.4 91.4 7.90 76.2 21.
DM02—5 89.7 90.9 860 90.1 5.00 75.9 10.7
DMO02—6 86.4 87.4 3.20 87.2 2.70 72.6 7.40
DMo02—8 91.5 94.3 28.0 92.3 17.2 65.5 59.5
DM02—9 91.2 92.9 23.7 91.9 14.0
DMo02—10 89.2 89.5 18.0 90.2 12.0 63.1 41.9
DMo02—11 90.6 91.5 9.30 91.2 6.50 77.8 15.6
DMo02—12 91.1 90.5 17.8 91.5 13.2 69.0 38.9
DM02—13 89.9 91.9 7.10 90.7 4.30 79.2 9. 50
DMo02—14 90.8 91.5 14.4 91.1 11.5 72.1 32.4
DMo02—15 89.6 91.6 7.30 90.3 4.60 77.7 10.0
DMo02—16 90.5 91.8 10.1 91.3 7.10 76.3 19.2
DM02—17 90.7 93.3 16.7 91.6 9.70 72.5 30.1
DMo02—19 90.9 92.6 10.7 91.5 6.00 78.0 15.9
JSBo2—1 89.6 90.0 5.80 90.1 4.20 77.3 9. 30
JSB02—2 92.8 93.5 25.3 93.6 17.5
JSB02—5 89.6 90.1 10.4 90.3 7.70 73.7 19.9
JSB02—6 88.4 88.5 4.30 88.9 3.70 75.5 7.20
JSB02—7—1 89.7 90.2 10.6 90.2 8.10 73.4 20.0

5%~25%, <5%.
b
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Table 2 Trace element abundance of Cpx in representative peridotite xenoliths from Hannuoba

DMo02-8  DMO02-8

DMo02-12 DMo02-12

DMO02-4 ( ) ( ) DMO02-9 DM02-10 DM02-11 ( ) ( ) DMO02-15 DMO02-16 DMO02-19 JSB02-2
Sc 64 62 70 67 80 62.9 58.3 143 63 65 72 93
\% 243 154 161 198 295 245 244 824 264 252 278 286
Co 19 21 20 21 20 20 21 485 17 21 19 15
Ni 333 335 357 317 331 325 332 6645 276 345 320 285
Rb  <0.02 0.05 <0.03  <0.01  0.06 <0.01 <0.01  <0.19 0.02  <0.04 <0.02 <0.01
Sr 35 124 95 159 290 54, 8 269 155 67 39 54 95
Y 11.9 1.78 6.61 14.6 13.3 14. 8 13.6 18.9 13.7 14. 3 17.9
Zr 14.1 9.19 9.92 8. 38 160 16 196 154 33 17 19 48
Nb 0.42 0. 39 0. 38 1.91 8.76 0. 34 3. 89 3.88 0. 41 0. 14 0.72 0.59
Ba <20. 04 0.67 0.12 0.1 0. 26 <0.02 <0. 03 <0. 46 0.1 0.13 0. 05 0.07
La 0.5 3.58 2. 85 6. 04 8. 69 0.77 7.14 3. 34 0.97 0.73 1. 04 3.21
Ce 1.8 9. 44 7.75 14. 7 30. 1 2.69 20. 1 15.6 3. 06 2. 06 3.12 9. 65
Pr 0. 38 1.5 1. 21 1. 68 5.18 0.52 3.13 1. 84 0. 62 0.41 0. 56 1.4
Nd 2.35 6. 94 5.63 6. 54 27 2.97 15. 6 8. 14 3.78 2. 56 3.18 6. 26
Sm 1 1.03 0. 94 1. 27 7.4 1.1 4.71 2.63 1. 65 1. 09 1. 22 1. 49
Eu 0.4 0. 34 0. 25 0.43 3.15 0.47 1.75 1.13 0. 66 0. 45 0. 47 0.59
Gd 1. 47 0.77 0.63 1. 25 6. 39 1. 66 4. 87 2.58 2.45 1.70 1.77 1. 97
Th  0.28 0. 09 0.08 0. 81 0. 67 0. 44 0. 45 0.32 0.33 0. 39
Dy 2.06 0.5 0. 39 1.27 4.09 2.28 3.72 2. 96 3. 16 2. 40 2.41 3.18
Ho  0.44 0.09 0.08 0.27 0.61 0.51 0. 61 0. 50 0.74 0. 52 0. 54 0.70
Er 1.35 0. 16 0.21 0.71 1. 24 1. 47 1. 29 1. 36 2.15 1. 50 1. 60 2.08
Tm 0.19 0.02 0.14 0.15 0. 20 0. 30 0.22 0.22 0.27
Yb 1. 21 0.09 0.16 0. 69 0.72 1. 45 0. 84 1. 26 2.07 1. 40 1. 50 1.72
Lu 0.17 0.03 0. 10 0.12 0.21 0.11 0.15 0.29 0. 20 0.21 0.21
Hf 0. 49 0.18 0.22 0.27 2.45 0.47 4.01 3.27 1. 04 0.62 0. 69 2. 05
Ta  0.03 0.03 0.05 0.26 0. 54 0.02 0. 56 0. 47 0.03 0.02 0.03 0. 09
Pb  0.05 0.05 0. 06 0.03 0. 27 0. 06 0.18 1.43 0. 05 0. 10 0.07 0.10
Th 0.03 0.22 0. 16 0.53 0.35 0.03 0. 50 0.21 0. 05 0. 06 0. 10 0.11
U <0.01 0. 07 0. 04 0.15 0. 49 0.01 0.13 0.16 0. 02 <0.02 0.02 0. 04
b
15keV 20 nA. ( DMo02—8 DM02—12, 2).
5 pm, Perkin-Elmer Sciex 2.1.1 Mg®  86.4~92.8,
ELAN 5100 266 nm UV (Song et al., 1989; Chen et al., 2001;
(LAM-ICPMS) , Rudnick ez al. , 2004)
20~30 pm, 30~50 pm,
. . Norman et al.
(1996). Macquarie GE- Mg~ , 89~91 ;
MOC XRF
Mg* 92C  2).
? Al O,
1. 52% ~7. 46% , Cr, O 0. 36% ~
2.1 2.18%. (Wo=42. 5~48. 2, En =

47,4~52,2,Fs = 3. 04 ~ 6. 95). Mg*
87.4~94.3 ,Cr?

Mg Cr* ( 1. Mg® —Cr?

(
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b

3.

2~28. 0.
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Fs 6.32~12. 6. Cr* 2.7~17.5,Mg*
87.2~93.6 (Zheng et al. . La.Sr ’ :
2001) ( Zr . (0. 74~196) X
,1999). 10%; Hf Th (0. 05~4.,76) X10 ¢
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Fig. 4 REE patterns of Cpx in peridotite xenoliths
92.4, (Zheng et al. , 2001)
. 3 , ,
( 4).(I)LREE , (La/Yb)y = 0. 26 ~ (Zheng et al. , 1998) . AL O, 0. 62% ~
0. 64,>REE (13.2~24.9) X10°¢ ( 3.34%,Ca0 0.31%~2.99%,
19. 0 X 107%), MREE-HREE ;
(I LREE .2 REE  (10.1~95.4)X10° ’
( 51.0X107%). LREE
2 .(a)la Eu : u . 3
HREE MREE ,
(Hauri and Hart, 1994);(b) 3.1
LREE , 5)
,(La/Yb)y=2.06~26. 4, DMO02—8 LREE C 4,1 O
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,DM02—14 REE U Cr*
, Johnson et al. (1990) s
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3. Si0;
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Table 3 Major element compositions of peridotite xenoliths from Hannuoba %
DMo02-4  DM02-8  DM02-9 DM02-10 DM02-11 DM02-12 DMO02-13 DMO02-15 DM02-16 DMO02-19  JSB02-2
SiO; 44,0 43.0 42.1 42.7 43.5 42. 4 43.9 45.0 44, 2 43.3 41.0
TiO, 0. 04 0. 08 0. 06 0. 09 0. 04 0.12 0.11 0.11 0.09 0. 06 0.05
Al O3 1.72 1.43 0. 81 1.54 1. 66 1. 29 3.08 3. 34 2. 68 2.22 0. 62
Fe; O3 8.55 8. 65 8.78 9. 85 8. 86 8. 69 8.78 8. 68 8. 48 8.28 7.44
MnO 0.12 0.12 0.12 0.13 0.12 0.11 0.13 0.13 0.12 0.12 0. 10
MgO 43.1 44,5 46.5 43.5 44,1 46.5 40. 5 38.9 41.6 42.9 50.0
CaO 1. 37 1.79 1. 26 1. 15 1. 18 0.52 2.56 2.99 2.07 1.99 0. 31
Na, O <0.08 <0. 08 <0. 08 <0. 08 <0.08 <20. 08 <0. 08 <0. 08 <0. 08 <0.08 <0. 08
K,O <0.01 0.03 0.02 0.03 <0.01 0.03 <0. 01 <0. 01 0. 04 <0. 01 0. 08
P2 05 <0.01 0.02 0.01 0.02 <0.01 0.02 0.02 <0.01 <0.01 <0. 01 0.01
S <0. 003 <0. 003 <C0. 003 <Z0. 003 <Z0. 003 <C0. 003 <Z0. 003 0.01 <C0. 003 <0. 003 <0. 003
Cry03 0. 36 0. 21 0. 15 0. 40 0. 26 0. 26 0. 35 0. 38 0.41 0.42 0. 31
LOI 0. 51 0. 06 —0.04 0. 25 0. 08 —0.09 0.43 0. 38 0.16 0. 35 —0. 20
Total 99. 8 99.8 99. 81 99. 60 99. 8 99. 8 99.9 99.9 99.9 99. 6 99.8
2.0 ). Cr* (Helle-
18k brand et al. , 2001) (0. 3% ~19%),
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