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Abstract The Fanshi basalts located in the vicinity of the Da Hinggan Ling-Taihangshan gravity gradient zone, represent a major
component of Cenozoic basalts of the central North China Craton. Previous studies gave the Fanshi basalts whole rock K-Ar ages of 26. 3
~24.3Ma. The Fanshi basalts from Sumengzhuang and Yingxian two locations all show OIB-like trace element and isotopic signatures,
i. e. , they are enriched in incompatible elements with highly fractionated LREEs and HREEs ( (La/Yb), =8.42 ~21.60) without
negative Sr and Eu anomalies. They show relatively low Sr (¥ Sr/%Sr =0. 703848 ~ 0. 704870) and high Nd ('"*Nd/'*Nd =0. 512617
~0.513057) , Hf ("° Ht/"" Hf = 0. 282873 ~ 0.283001 ) isotope ratios, and Pb isotope ratios were Ph/** Pb = 17.2 ~ 17.9,
*7Ph/*Ph =15.3 ~ 15. 4 and **Pb/**Pb =37.5 ~37.9. All these geochemical features, combined with petrographic observations
and major element data, allow us to suggest that the Fanshi basalts were derived from small degree partial melting of asthenospheric
mantle with contributions of metasomatized lithospheric mantle. Olivine and clinopyroxene dominated fractional crystallization is an
important process in the petrogenesis of these basalts, which may have taken place in magma chamber of lithospheric mantle condition.
The rapid ascent explains the lack of crustal contamination. Sumengzhuang samples are characterized by relatively deeper and lower
extent of melting, whereas the Yingxian samples have the signature of slightly shallower and higher extent of melting. Together with
studies of Cenozoic basalts in other areas near the gravity gradient zone, we suggest that the Cenozoic basalts near the Gravity Gradient
zone may be originated from decompression melting of eastward asthenosphere flow when crossing the gravity gradient zone. This study
offers some new perspectives on the petrogenesis of the Cenozoic basaltic volcanism in eastern China in general.

Key words Cenozoic basalts; Gravity gradient zone; Geochemistry; Formation mechanism; Fanshi region; North China Craton
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Fig. 1 Geological map in the Fanshi region
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Table 1  Major elements data (wt% ) of basalts from Fanshi
e 06 11 17 20 24 28 30 33 36 01 04
EaiLS S (SMZ11-) MEL(YXI1-)
Si0, 45.96 45.07 45. 44 43.39 46. 65 47.57 46. 58 44.22 50. 02 49. 34 50. 54
TiO, 2.25 2.46 2.38 2.39 2.54 2.26 2.34 2.39 2.26 1.92 2.07
Al, Oy 15.51 13.88 14.24 12.72 12.93 13.59 13. 68 14. 33 13. 41 14. 00 13. 84
F6203T 11.70 12.70 11.92 11. 80 12. 80 11.95 12.22 12.85 11. 02 11.38 12. 04
MnO 0.17 0.17 0.17 0.16 0.16 0.16 0.17 0.17 0.15 0.15 0.16
MgO 7.74 9.00 9.00 8.03 9.53 8.41 8.74 9.47 7.88 8.27 7.60
Ca0 8.50 8. 66 9.91 7.49 8. 13 7.61 7.88 8. 10 7.29 8. 06 7. 60
Na, O 3.12 3.46 3.37 4.30 3.47 3.78 3.54 3.92 3.27 2.57 2.82
K,0 1.26 1.20 1.03 0.95 0. 80 1.71 1.85 2.00 1. 86 1.21 1.44
P, 05 0. 65 0.76 0.72 0.75 0.65 0.74 0.72 0.78 0.73 0.36 0.49
LOI 2.57 2.10 1.27 7.48 1.77 1. 64 1.72 1.24 1.53 2.10 0. 80
Total 96. 84 97.35 98. 18 91.98 97. 68 97.79 97.72 98.23 97. 88 97.26 98. 58
Mg# 56.7 58.4 60.0 57. 4 59.6 58.2 58.6 59.3 58.6 59.0 55.6
Na, O + K, 0 4.37 4. 66 4. 40 5.25 4.27 5.49 5.40 5.92 5.12 3.78 4.25
Na, 0/K,0 2.48 2.89 3.26 4.54 4.34 2.21 1.91 1.96 1.76 2.12 1.96
7 :Mg® =100 x molar Mg/ ( Mg + FewtzJr )
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Fig.2 SiO, vs. Na,0 + K,O diagram showing our studied

samples from Sumengzhuang (SMZ) and Chuancaoping near
Yingxian (YX)

For comparison, the literature data ( DB) of the Cenozoic basalts
near Taithang mountains are also plotted ( data sources: Fan and
Hopper, 1991; Tang et al. , 2006; Ma and Xu, 2004; Xu et al. ,
2005 ; Zhang et al. , 2005, 2012a, b; Zhu et al. , 2012). SMZ are
basalts we collected from Sumengzhuang; and YX are our basalts
from Chuancaoping near Yingxian. Fig. 3 to Fig. 8 are same
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Table 2 Trace elements data ( x 10 %) of basalts from Fanshi

[Ene=s 06 11 17 20 24 28 30 33 36 01 04
AR Jhifa FE(SMZ11-) B (YXI11-)
Li 5.40 6.25 5.20 6.35 5.52 5.38 5.95 6.95 5.37 4.89 5. 06
P 2718 3214 3052 3466 2918 3056 3042 3182 3124 1516 2180
K 10098 10248 8812 8718 7012 14126 15408 16460 15784 10232 12208
Sc 17.1 17.1 23.2 15.3 17.3 14.1 15. 4 15.8 14.0 21.4 18.5
Ti 14144 16332 15536 16882 16926 14428 15218 15132 15558 12632 14226
\Y 184 178 223 176 194 152 166 160 159 186 178
Cr 98.5 156 206 156 178 148 165 175 159 210 183
Mn 1085 1133 1172 1162 1164 1100 1115 1112 1065 1052 1104
Co 38.1 45.5 44.1 44.6 50.0 39.9 42.5 44.0 41.0 40. 4 44.1
Ni 78.6 150 122 133 179 126 135 156 131 116 161
Cu 46.6 46. 4 45.1 42.9 45.5 39.1 39.2 43.2 37.5 45.2 51.4
Zn 96. 1 106 101 111 107 125 113 120 107 100 98.1
Ga 19.2 20.2 18.5 22.1 21.3 21.0 21.8 21.5 20.7 18.2 18.9
Rb 16.5 21.8 21.2 8.3 18. 1 14.2 15.6 15. 4 14.8 11.4 10.9
Sr 804 800 962 927 825 902 976 911 1000 464 613
Y 22.5 20.5 22.6 20.6 18.8 19.0 19.5 19.6 16.9 18.9 18.2
Zr 263 274 261 308 258 322 320 316 340 178 223
Nb 53.3 64.3 56. 1 71.2 58.1 71.2 69. 4 69.0 70. 1 31.8 38.9
Cs 0.87 0.34 0.62 0.34 0.37 0. 40 0.42 0.42 0.41 0.11 0.15
Ba 5368 409 868 500 357 520 512 521 543 387 424
La 32.6 33.7 34.7 38.4 28.6 36.6 36. 1 35.7 34.5 17.8 22.6
Ce 66. 4 66. 8 71.1 77.1 58.0 74.3 73.2 73.0 71.8 38. 1 46.2
Pr 8.72 8.73 9.27 9.96 7. 68 9.64 9. 65 9.54 8.68 5.22 5.80
Nd 32.8 33.4 35.1 38.1 30.0 36.4 36.8 36.4 36.1 20.7 24.7
Sm 6.57 7.04 7.01 7.85 6.48 7.43 7.58 7.42 7.45 4. 66 5.52
Eu 2.55 2.27 2.22 2.53 2.12 2.35 2.40 2.36 2.40 1.58 1. 84
Gd 6. 10 6.37 6.24 6.90 5.91 6.43 6.59 6.47 6.52 4.59 5.30
Th 0. 89 0.93 0.92 0.99 0.87 0.91 0. 94 0.93 0. 86 0.73 0.75
Dy 4.41 4.43 4.51 4.55 4.10 4.21 4.35 4.29 4.28 3.73 4.14
Ho 0.90 0. 84 0.91 0.83 0.77 0.77 0.79 0.79 0.71 0.76 0.76
Er 2.17 1. 89 2.16 1.82 1.70 1.71 1.77 1.78 1.74 1.85 1.99
Tm 0.32 0.26 0.32 0.25 0.24 0.23 0.24 0.25 0.22 0.27 0.26
Yb 1.78 1.40 1.76 1.28 1.24 1.22 1.28 1.30 1.25 1.52 1.61
Lu 0.26 0.20 0.26 0.18 0.18 0.17 0.18 0.18 0.18 0.22 0.23
Hf 6. 05 6.52 5.92 7.08 6.33 7.30 7.34 7.26 7.83 4.30 5.43
Ta 3.35 4.12 3.43 4.48 3.78 4.55 4.54 4.46 4.40 2.12 2.42
Pb 3.07 2.84 3.06 3.06 2.68 2.93 2.73 3.04 2.50 2.01 2.12
Th 2.85 2.90 3.00 3.22 2.51 3.25 3.20 3.14 2.86 1.41 1. 66
U 0. 80 0.97 0. 85 1.08 0. 86 1.10 1. 09 1.07 1. 04 0.45 0.55
La/Nb 0.61 0.52 0.62 0. 54 0.49 0.51 0.52 0.52 0.49 0.56 0.58
Ba/Nb 101 6.36 15.5 7.02 6. 14 7.30 7.38 7.54 7.74 12.2 10.9
Nb/U 66. 6 66. 4 66. 1 65.8 67.6 65.0 63.8 64.7 67.7 71.5 70. 1
Ce/Pb 21.6 23.5 23.2 25.2 21.7 25.4 26.8 24.1 28.7 18.9 21.8
La/Ce 0.49 0.50 0.49 0.50 0.49 0.49 0.49 0.49 0.48 0.47 0.49
Nb/La 1.63 1.91 1.62 1. 86 2.03 1.94 1.92 1.93 2.04 1.79 1.72
Th/Ta 0.85 0.71 0. 87 0.72 0. 66 0.71 0.71 0.71 0. 65 0. 67 0. 68

WA GT P RIRE R E SRS SIS TR 9,°"Pb/™Pb=36.617 £ 11, FERMTAE R 3,
(MC-ICP-MS) 2 , Hf =]y, 2 7 Hp R} B 1 5t 5 Hh R 4 2
ST T MC-ICP-MS 43 #7, St-Nd-Hf [7] {37 2% 19 4348 43 51 5%

Y —+
% Sr/%® Sr = 0.1194,“ Nd/'"™ Nd = 0.7219 F1'™ Ht/'” Hf = 3 ek
0. 7325 AT BEALE AR FE AP BT 45 R 43 71 - NBS987 Sr 3.1 FE27x%
Ny 86 . N 43 144 . oty e .
H% Sr/% Sr = 0.710245 £ 16, INdi-1 Nd 4" Nd/™ Nd = 6 TAS B (1 2) 35 FE R 1 2 5 AR VK 1 T

0.512118 + 12, Alfa Hf "HE/""Hf Jy 0.282179 +4 ,NBS981  pL 2% THZEES: L2 JE T2 abs, RS T3 8 T4
Pb BRFER S Pb/*Pb = 16. 915 £10,*"Pb/™*Pb = 15. 465 = [ L EA ML A/ 3 L 5 DL ERAE M RE S 7% A0 o e
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Fig.3 Various oxides and Cr, Ni plotted against MgO for Cenozoic basalts in Fanshi with literature data plotted for comparison

#3 FEFERZTRELSE Sr-Nd-Pb-Hf FIEAMK
Table 3 Sr-Nd-Pb-Hf isotopic compositions of basalts from Fanshi

87 LU 147g 143 208- 207 206- 176 176

HEORRT e Qo) mn mae)  eu( w2 w2 w29 mh mh2e) e
SMZI11-17  0.0639 0.704870 +3 0.1268 0.512689 +6  1.23 37.6 +10 15.4 +4 17.6 £4 0.0060 0.282948 +12 6. 68

- SMZ11-24  0.0638 0.703848 +3 0.1373 0.513057 +4  8.36 37.8 £11 15.4 £4 17.9£5  0.0039 0.283001 £12 8.60
M SMZ11-33  0.0491 0.703979 £4 0.1295 0.512804 +3  3.45 37.9 £12 15.4 £5 17.9£4  0.0035 0.282998 £10 8.51
SMZ11-36  0.0431 0.703937 £2 0.1310 0.512904 +2  5.40 37.9 +8 15.4 +3 17.9 +3 0.0031 0.282996 +10 8.42

YX11-01 0.0712  0.704732 +3 0.1430 0.512932+5 5.91 37.5+10 15.3 4 17.2 +4 0.0071 0.282873 +17 4.00

B YX11-04 0.0519 0.704398 +3 0.1417 0.512617 +3 -0.23 37.5+6 15.4 £2 17.3 +2 0.0059 0.282879 +17 4.23

T eong (1) = {LCWNA/N) = (M7 Sm/™Nd) | x (M = 1) J/0CH N/ Nd) o = (7 Sm/ ™ Nd) g x (M = 1) ] =11 x 10%, e,
(" Nd/™Nd) cup =0. 512638, (7 Sm/™Nd) quur =0. 1967 N H6.54 x 10 2a~1; g0 (1) = { [ (" HE/HE), - (" Lu/7HE)  x (M =1) ]/
[C7PHE RO g = (7 L/ TTHE) g x (e = 1) 1 =11 x 10% o, (TORE'TTHE) gy =0. 282772, (7 Lu/'THE) gy =0. 0332, 1 J 1.867
x10 a1 BRI A £ =25. 3Ma AR IE
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B4 By 2 A T U R BRI bR AL L 73 B () AN 20 28 e i b v AL R 1] (b))
BRI - S b b OBz BUE \N-MORB OIB (Sun and McDonough, 1989) , DB Jy if A FE 3 6 B 45 B3 1387 A2 AR K 5 2l ( Tang et al.

20065 Hhg e FiR UK, 20045 5KICEAF, 20055 RELTLEE, 2012)

Fig.4 Chondrite-normalized REE patterns (a) and primitive mantle normalized incompatible element diagrams (b) for basalts

in Fanshi

Normalization values PM, CHUR, N-MORB and OIB after Sun and McDonough, 1989 ; DB after Tang et al. , 2006; Ma and Xu, 2004 ; Zhang et

al. , 2005; Zhu et al. , 2012

FH0rh, BIHA SOy 750 T K RCE 7T RE S 22 [ B et & 119
SR, BT N EEWPR TR LI X a3, 52
VAN R A 3, 955 FE SR IS 2 A b JL-F- 3% AR 22 91 AN
MEBBPE R 23 LR b, W RBIE 7R A — A H B 30 ST AR ) Ak O
g,

i XA EROCR A ARILEK 1, H S0, S84 T
43.39% ~50.54% ,TiO, H 1.92% ~2.54% ,K,0 + Na,0 {4
$33.78% ~5.92% ,Na,0/K,0 AN 1.76 ~ 4.54, 44k
Fe,0," 2 11.02% ~12.85% ,Mg*} 55.6 ~60.0, M F &8I
FAE) B A TT R X MO [ Ep A R AT LA S, 810,
MgO 4 &) B (1) 14 A0 26 56 &, TiO, . Fe,0," #l Ca0/AL 0O, 5
MgO SR LAY IEARSE G R, Na, O K, O Fifi MgO Y REAIRAZfE AN
WL, R ICR Cr Ni 5 MgO RECRIEMSERR (E3) . it
DI AR A wa  VIVR = WA Y W ey Wl e
5, M B R RCE 1Y SI0, F &R AR AR, TiO,  Na, O
PO 8 2 R E IR, 31X 7] BE 5 4 9 U ORI w45 1
P

3.2 WERRMIKEE

Zs R MM £ TR (REE) SR SR G 7, 50 HE X
Ok 149.7 x 1076 ~192. 8 x 10 ¢, i L 344 103. 1 x
107" ~123.0 x 10, Ji7 5L 2 8 A % o5 o ) I S8 A A1
T IR BRI A PR EGTC 73 B (1] 4a) R IZH X X B #R
H A5 LREEs & 45, HREEs 7 45 ()55 50, B EE 0 - 401 B i,
B, FOR IR RN B B R AR, R L
A (La/Yb) H 13.3 ~21.6, (La/Sm) K 2.78 ~3.20,
(Gd/Yb) y 4 2.79 ~4.30, 1 )i B W EE 19 (La/Yb) < 10,
(La/Sm) <2.6,(Gd/Yb) <2.7, Ff i JF % 2 2 1 4 i A
FE TR R XA St Eu iR LT 8, Eu 2R ME

4, Ew/Eu” (Ew/Eu” = (Sm + Gd)/2Eu) 4 F 1.00 ~ 1. 21
Z 4],

JR I Hiu g ( PM) A i fh i et o0 25k P [ (1B 4b) | 2R
LA AT 5 ZRE (OIB) LU, & TR A
FHAPER T R 4R SRAE S XS 3 & % Rb. Ba Th,
U Sr & RBEFRAITCHE (LILE) , A5 Nb Ta Zr Hf %5
Wikt % (HFSE) , H Nb 1 Ta A X & %, X AN
Ce/Pb Nb/U &% %, La/Nb Ba/Nb U EAAK (& 5) , [FFE
5 OIB AL, DA B e R AL R B X s 5 01B A
A AHEI TR X

3.3 Sr-Nd-Pb-Hf F]{ii 41

Bl 6 A~ KE & B9 S (A A7 3 EE(E AT (Y S/ S =
0.703848 ~ 0.704870) , Nd . Hf [ {7 2 H {8 % &5, 4> 3
Nd/" Nd = 0. 512617 ~ 0. 513057 F1'"° Ht/'"7 Hf = 0. 282873
~0.283001, ey, (1) = - 0.23 ~8.36,2,,(#) =4.00 ~ 8.60
(#3) 7S/ Se-""Nd/" Nd [&] (8] 6a) 0T LA H 5 o FE B
REE TR B M R A B AL T XA (0IB)
I, 6 A R AR IR (A ( BSE) , 8 5 SRR A G &R
ena (1) ey () S (] 6b) HfF 58 X AL i A HLTE OIB X3,
RIRFEIN S B LML, exg (1) 5 £ (1) RIEMIEAEK R

6 A~ HE 59 P/ Ph H A FE 17.2 ~ 17.9 Z Ji],
27ph/ 2 Ph 17 Ph/™ Pb HeAE YT Bl 4 Ak 15.3 ~ 15.4 F0
37.5 ~37.9, B R mtE X 3 Ph WA & WE ik T
I BB % . W Ph/2 Ph-" Ph/*™ Ph [&] AT L ( ]
Ta) , GtE R RE FEAVE LB EETE MORB JE I, A7 7L
BRZ ML (NHRL) , 5007 B A 2, W08 28 A
FEIE TR A, 167 Pb/ ™ Pb->" Ph/*™ Pb [ v ([&] Tb) ,



168 Acta Petrologica Sinica £ %% 2015, 31(1)
120 35
(a) ® SMZ ()
100} [ 30r| mYX @
,s|| aBCC
80+ - N-MORB
o 1 Rt n
< oo A |5
o' olsr
40 10k
20 L
[ LA
0 L 1 1 1 0 | f
0.0 0.5 1.0 1:5 2.0 2.5 3.0 0 20 40 60 80
T.a/Nb Nb/U
K5 %A La/Nb-Ba/Nb (a) il Nb/U-Ce/Pb(b) KIfit
B4 S 5 : N-MORB ,OIB ( Sun and McDonough, 1989 ) ; BCC( Rudnick and Gao, 2003 )
Fig.5 La/Nb vs. Ba/Nb (a) and Nb/U vs. Ce/Pb (b) plots for the Cenozoic basalts
Data sources; N-MORB, OIB (Sun and McDonough, 1989), BCC ( Rudnick and Gao, 2003)
05135 15 —
@ ol (k) Cs ats M MORB
05130 [ *ﬁifﬁ?i I B
z L T P ST m’ .
3 05125 ¢ o 0 b L
3t = ki@ SO
% —_— [ %E%‘@P@AT& 5 st ﬁ@%j(lll{;‘ i
- 7Tt i FAERET B b 1 E DB
05115 F ! EM2 :%:fél F| " YX
C i 15t I
r i NCC T #1% E
05110 - . . . 20 . :
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87Sr/86r (D

Fl6 BB AR R Y™ Se/% Se- "N/ Nd i (a) Fll £, (1) -4, (1) FE (D)

6a B SV DI 3K (Song et al. , 1990; Zhi et al.
AR A T i AR el (NCC) 5 A7 Pl e ( Zhang et al.
Hart, 1986) ; DB( Tang et al.
6b HAE AR - B AR AR FIE R AE R K A (Zhang et al. |
2012b; RETHE,
Fig. 6

Data sources in Fig. 6a: Hannuoba basalts ( Song et al. ,

2005, 2012a, b; Zhu et al. ,
Wulanhada high-Mg andisite ( Zhang et al. , 2003 ) ; DB (Zhang et al. ,

2.95) is after Vervoort and Blichert-Toft (1999)

FER TR S PEAE NHRL BT o B AR UL, ZERe 20 2 72 R for
RN 5 8 R R B 0 AR RS B R AR
fik.(Tang et al. , 2006; T4 o F4x LK, 2004; Xu et al. ,
2005; 5K CER4E ) 2005; Zhang et al. , 2012a, b; R ETFEE,
2012) , B EA S OIB 1y [ fir R 4L AL o

4 e
4.1 HFRRER

DR 5 T F 308 IR AR 2 SR B TG e e v 2 il ik

1990; Basu et al. ,
2002) ;NCC F 5% (Jahn et al. |
, 20065 B4 I AR LRI, 2004 5 Xu et al.
2002)
2012) s &BRFEFN S H LR (o4 = 1. 3665y +2.95, Vervoort and Blichert-Toft, 1999)

1990; Zhi et al. ,
basalts, Mesozoic lithospheric mantle and old lithospheric mantle beneath the NCC ( Zhang et al. ,
1999), MORB, OIB, EMI and EM2 (Zindler and Hart, 1986); DB ( Tang et al. ,
2012 ) ; Data source in Fig. 6b: Paleozoic kimberlite and Mesozoic basalts from Fangcheng ( Zhang et al. ,
2012b; Zhu et al.

filt) BREMR L, 1992) s LK ion Ak
1999) ; MORB, OIB,EM1 A1 EM2 ( Zindler and
2005 ; K CESE, 20055 Zhang et al. , 2012a, b; JRETIZE, 2012) ;
s T K% Tt 25 8% %2 1L ‘#+ ( Zhang et al. , 2003) , DB ( Zhang et al. ,

1991 ;

¥Sr/%Sr vs. "*Nd/"™Nd (a) and £y, (1) vs. &,(t) (b) diagrams for Fanshi Cenozoic basalts

1990 ; Basu et al. , 1991 ; Xie and Wang, 1992) , Cretaceous Fangcheng

2002), lower crust of the NCC ( Jahn et al. ,
2006; Ma and Xu, 2004; Xu et al. , 2005; Zhang et al. ,
2002) ,

Reference Terrestrial Array (g = 1. 36gy, +

,2012) ;

Eb R 1t DX B TR ) b 5, M s 52 B AS ) R B b e TR A
JH, BB r 8 30 SR A bR A 2 R AR S L R P A

o (EIE WS B 1t 7 TR Y A FH X B 0Rr 20 iR s 2H I U 11
%uﬁmumﬁmm (DB REIRZHENRTRE H R
FM A LR, Rz X = B A R A R T 2

SR AEHb e (5 B Y R R) A BRI AE L TR s R R 4 DT Y
M FETRGAE R/ (2) PN B AR A s 1 R AL 22 4y
fERFE , B E T RE B SR T RE D R DUEINZ
A AL b 3R AL 2 4 4, La/Nb-Ba/Nb # Nb/U-Ce/Pb &
(K5) BRI RANAMAICE H{ES OIB,N-MORB
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206 ppy / 204pp

17 S5 1 R 197 Ph/™ Pb P/ Ph (a)
FI°Ph/** Ph->" Ph/** Ph (b) [&lf#

B R U - B R KO- ¥ A1 AL K VS 7 MORB ( Barry and Kent,
1998 ; Zou et al. , 2000) ,NHRL( Hart, 1984) , H RiEM X R 5
(Zhang et al. , 1998 ; Zou et al. , 2003 ) ;DB N Fif A\ H S 46 &7
W3 A AR AR B B (Tang et al. , 20065 5K 3CEAE, 20055
Zhang et al. , 2012b)

Fig.7 > Pb/*Pb vs. *®Pb/**Pb (a) and™ Ph/*™ Pb
vs. *Pb”*Pb (b) diagrams for the Fanshi Cenozoic basalts

Data sources: Indian MORB and Pacific and North Atlantic MORB
(Barry and Kent, 1998 ; Zou et al. , 2000) , NHRL ( Hart, 1984 ) ,
Wudalianchi basalts ( Zhang et al. , 1998a; Zou et al. , 2003) , DB
(Tang et al. , 2006; Zhang et al. , 2005, 2012b)

HHIE , 5 42 KRl 5 (BCC) HE i 4, A A B B b 7e R e A
B (3) AR KA TE BT A b 32 B i s iR Qe F 2
BE R T R AR B AR o P34 K Rl
F2LA Nb. Ta.Ti 5 i H454F (Sun and McDonough, 1989) , %
fIAY Nb Ta &5, i (4 546 0 b 46 Th/Nb EEAH AR Nb/
La( <1) LUfH (B Nb Ta Ti 61 5% B9 {0 o0 R Bl 0B,
T B 7 TR G A do B W] ) PR RFALE , (H B KR
VA WA B XBERFE , B 28 Nb Ta 55 (Th/Nb)
=0.34 ~0.45 (Nb/La) y =1.57 ~1.96, {8 5 JC 2% Wk W [&]
Nb . Ta Ti 2 1ERH , B AR 7 REAE" , Bk il LUHERR 3
TR 2,

— BN A E LR B 2B TR b T R AN T A e
Hh 05 B I ) K e o v A B b R Ak st e s, o LI

BPE LKA BT i e AR SR T X sA 1 N,
Ta FHAHXTEAR, AT RE WG 7R & M oe IR e AR B R o0 IR iR 2
LA o AESRRE AN TR 2 B 19 H R A 2 RRAE SRR 1
55 R RN OIB U UK B AH AL ( Song et
al. , 1990; Zhi et al. , 1990; Basu et al. , 1991) , FHI 7SR
YA R IR 2 R I b BR AL 2 R AE Y A W] 2B AN

4.2 SEHESGEREAR

B LR Mg"hy 5.6 ~60. 0, F WY 5 4 7L 3 fh i 7
HMREDT T —ERE R B e . WA T H),
S FE LA S A AT Col) BESL , BHCAT (pl) B0l , B
HZRE P A A SR (epx) BES . TETEKE D
IKEEAET CHR it e S AR IR ) S O A T LR R A (] )
TEMARLZR 45 Fh R W o 25 F T aS fh e e, 5 oa A
HsE S5 PRI I — B, RHK A 0 2 R B 3R
WA IR BROR PR v DA 45 23

Tl T 2 Wk 19 [T (8T 4b) , Eu A S %47 B IR 1Y 12 5%
L ULIIRHC AT 1 23 B 45 A AE AN i, Ca0/ AL O, 55 MgO
RIEMSERAR, FURRERBUIN I R A1 7 B 25 i 0 45
S FE L EUA Y Cr Ni B MgO Bi/INE B R 1) T Rta 4, &
W5 KA TE BT R T 28 13 1 MO 7 R R A7 R
IrE A MEZIRAE 1 MO AR XA, Cr Ni B MgO
ASAG R AN S, RIS £1 LB RDEE 7 Y 20 B & S 1
BOp i FE B 5 o X S A A 5 ) R A BT Y
Z A A1 (Fan and Hopper, 1991; Basu et al. , 1991; Tang
et al. , 2006; b4y AR SCHI, 20045 Xu et al. , 2005; 5K 3¢
AL 2005; Zhang et al. , 2012a, b; RELTFFEE, 2012), K
WM, 2 DX T A e P PRI A BRI A e L Y 43
[ET TR/

4.3 HREX

IR A 1 E MR K Ba/Nb (La/Nb 1 Ce/Pb 25 [,
B LA K Sr-Nd-Phb-Hf [6 iz R A W45 OB Bl i3l 2 oA
21 (Song et al. , 1990; Zhi et al. , 1990; Basu et al. , 1991 ; fi#
JTEMERSC, 1992) , RPFFFR X ZREWIFEIX 5 0B K
DORINZ EEAARL, ] BER I T i Pl b o 455 1T AR
WFFE R, DU R TR] B 7 L BH s 8 B i A AR X R TR R
HAZFFE (Song et al. , 1990; Zhi et al. , 1990; Basu et al. ,
1991; Tang et al. , 2006; T4ty A144x XMW, 20045 Xu et al. ,
2005 ; K CEEE, 2005; Zhang et al. , 2012a, b; 4B T4,
2012) , Wi i A T BRI 174 3k 2 37 A A RS 7T BB TR
TR — i R b g YR X

Faly 2B UE I JR X W) BT EE OB | J5UAR i s B g 45 A
AHF¥TCZE (Sun and McDonough, 1989) , (La/Sm ) wysepmn >
(La/Sm) gy > (La/Sm) py , I FLBRAS A 25 1 00 B 4R
(& 4b) ,OIB iy 3 & A2 ¢ AE 4 A hy 2 ¥ 7 ) 3 ( Hofmann
and White, 1982) | [ifi ¥ T 14 ( White and Duncan, 1996;
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Weaver, 1991 ) 5 K fifi 5 4 B4 i (McKenzie and O’ Nions
1983, 1995) IMA S T IR X A L5 H o SRR P 5% (4 (La/
Sm) oy < 1) K54, BRI SRR AE (5 Pb, 545 Nb,
Ta P A1 Ti) KW, #AGE 5 OIB A9 P X 4 it (Niu and
0’ Hara, 2003; Niu et al. , 2011) , [R5 A BB JRe 35 A 7= O
R (LVZ) R3S AAL & B2 41 0 L Soa B h i S
J R AR B S A FH 2 1 B OB 55 4 45 ik f5c A AT A 14 i [
(Lambert and Wyllie, 1970; Niu and O’ Hara, 2003, 2007®;
Pilet et al. , 2005; Niu et al. , 2011) . X Fim B i 7wy
KRB 5T LB FUE A, AT RER A TE 2R LAY st 52 AR
YER o HhIEZRERZ T R AR AT R I 7 « £ v [ AR A8
Z T 410 ~660km 3o JEHF P AFTEVS 19 K F- PRI oho bl e, o
MR ST S EAM A TCR MR I ER T S RE
TE LVZ TS 38 — e E 2 45 5 1 A B Aot
HHELE PR R A K ORI TE FIRr RS
XU A ZE A KA S AR T, A58 A ) o A L 2 i
FE 4% (0’ Reilly and Griffin, 1988 ; Niu, 2008 ; Niu et al. ,
2012) .

Sr-Nd-Hf (&1 6) LA J% P [} fi 2 el fig (Bl 7) BT LA H 2 %
URF 2 A TR 3R 2 B A AL , {25 MORB A L, 3 Sr [F]
(2R L ABAR LA @, Nd HE [R) 07 3R B (E AR FO A, 32 %853 A
15 OIB JE I, Al RAB AL R AF RO ME R &R, X 5P E 7R
A Gl b XA OB A= AU P KR A L (Zhou and
Armstrong, 1982; Zhang et al. , 2009; Wang et al. , 2011b) ,
R RS ITS S T I X a1 CE 1R, B
TR AN E A S 2 ) o T B 1 R B P g TT
REI A5 BT AR 1 AVl e, (L2 5 2 7E B0 A S v T B A
BRSO T A S5 8 AR W 5 i 417 m] RE 2 EMIL
(Zhou and Armstrong, 1982; Zhi et al. , 1990) 5§F EM2( Zou
et al. , 2000) o R AAT LU X 2R Hf 5T 1 D AOR
BRSO A ORISR T RAT I X 2 R A A1
PR 2 80 ~ 100km(Ma, 1989) , HZ T (4 £ Bl Mg B A
26 EM1 AU R IR RFE, iTRE R 4 W SRl B a A
V& 1) 5% 4% ( Tatsumoto et al. , 1992; Gao et al. , 2002 ; Zhang et
al. , 2004; 7 ¥ 7K 5%, 2004; Tang et al. , 2006, 2012;
Rudnick et al. , 2006; Wang et al. , 2006; Huang et al. ,
2012) , PRIt , FoATTHEWT 2 5 Bry KA U 1E T & 4R s e
WA T RS ZEURE I X 2 i A EMIL BURRAE (9 oy 52 10 1
Hubg o (HRAEJL RN Z T Il & E N B g 2 T KR
JEE VR IR B, AR AR il A SO I B R B 0, R, ol 2 58
T A B R AN T R KRG a1 E PR, AT
H Sr-Nd [5] f37 3R — %y B 5 B0 (18] 6a) 15 H & 4E 4 41
<10%

DAL , A1 T DT e 7 A A2 i R YT i e
WS P 7R e i (E A R U P - P R A VR - /D EM
R 22 A B St 4 I AR T R U R AL R A
A HAR L MORB & 4 1 RRAIE , WS A VLG 0 1) 948 14k
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JEARME A P PR I S A Bk i B T AR AT R
AR IR

4.4 PBREESRE

R 1 Tk A R R A Rl IR B R OC ((Green and
0’ Hara, 1971; DePaolo and Daley, 2000 ) , 3256 & f1 2715 H
TEAN AN A B 5 57 26 1 R 07 8 T e A 0 1 L B 2
= 3% (Green and O’ Hara, 1971; Falloon et al. , 1988;
Kushiro, 2001 ) , — A b BB e X ol i IR IX % 7 ok
25 ~30kbar( >80km) , H5E % il B IR X i J1 2 15 ~ 20kbar
(50 ~60km; Nohda et al. , 1991) , Fps & X a5 bk
R, RS i X R s, Bk R A A
MR Z A Si0, 1Y & B AL, LREE 3= 80 %, LREE/
HREE fEHCK, W78 45 75 o 2 i 098 il R B 0 L ke
Ko XFMERRGEE R 2E R AT RESK A Tl I8 X AR 1 — 1k,
WA RESR B T4 10 Bl iy JEE 1Y 22 53¢ (Niu et al. , 2011)

R AR R A B 2 s R oo R R L
Wi, (La/Yb) \ 4 8.42 ~21. 60, I g (45 fieE =X, Hop
FEZ A L B i 3 IR R R BE I 2, R W R ik
EHRIE T IO 0 I E Dy BRI IR, B
2R B Rl R RE N B A R BN TR
A1, Yb JZAHA LR 1 La Sm A AL TCER , 4 T A AR
BEE TR Rl 0 AR BRI, 20 S 2 B B I 5 TTTE 9 A 4 A
BN E TR R E F v, La/ Yb 28404/ (Sm/Yh JEAARAR,
K La/Yb-Sm/ Y [ T X 03k A 7188 511 A AE & A
A RO A 1 X 5 (Niu et al. , 1996; Xu et al. ,
2005) . M Z A 9 La/Yb-Sm/Yb [ (5] 8a) AT LI
i R R R Y B R RCE AR RO T 0 O S
FEREAI R b, HoR i e K aa B B R UE iy A
IR, IR AN 1% ~3% N E L RELH 3% ~5% .

R BEANARZE JC R 1 LB T ) 7 B A i i
e A HRAE T R rh Ze ARXT T Y BORAES , SIS LR Ze/
Y HUAE 52 AR G0 AR BE RS (H RE AN 32 43 25 45 SR T
S 5 ElRE BRI, Zr/ Y FE A #8557 (Nicholson and Latin,
1992) , Zr-Zr/Y R (18] 8b) , K BT 8 SR G L4, B
AR X IR X L s F R IR T e ¥ B
B3 Mk Rl At ] A 2 2 0 1) 25 5 T B SR VR TS [ 8 Rt 0
W0 I3 AN [ R 2 1 38 42 W R R X T R ) — o I
FEZREREA Y Ze/Y LR R A HE v B i), BB O3 &
RO R R R B BAR, 5 La/Yb-Sm/Yh (&I 45 H #4548
RS R -2

@ Niu YL and O’ Hara MJ. 2007. “Mantle plumes” are NOT from

ancient oceanic  crust.  hitp://www. mantleplumes. org/

NotFromCrust. html
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Fig.8 La/Yb vs. Sm/Yb (a) and Zr vs. Zr/Y (b) for
Fanshi basalts

In Fig. 8a: the number near the curve are melting ratio; Source rock
mineral composition and mineral melting rate after Johnson et al.
(1990) and element distribution coefficient data after Mckenzie and

OWNions (1991)

5 Mg JrEpLH

Al s BiE e A BELGHFZ A A b OB E KR
— H TR B E R B e A 2 G . M AR AR
LUNGTE Y RIVI A R e Sl B Al E IR S N Ao I N
WHARAFAEAE —E AP TP AR A 00 = P JZ= A R W
TEHERERZ T Y 410 ~660km 22 [8] (3 YT A A7 LK T )
P ZE A A8 B i SRR i A ( Karason and Van der Hilst,
2000; Pei et al. , 2004 ; Zhao, 2004 ; Zhao et al. , 2004 ) ,iZtR
B QUS| S N e 2 A L w7 1l b A T B B 2 R a0 2
TG, PRI, T g A A g e o 1 2 A o i AR AR L Bl
HAVMRIT (Niu, 2005) , [FF, %98 AR ZMN I 3
FIF FRIR MR A 3R B A, 0080 i 8 B SRR e
JH ( Griffin et al. , 1998; Menzies and Xu, 1998; 74 X NI,

1999; Xu, 2001; Xu et al. , 2004, 2005) , A BHFILATLL
U b g R A B 1 R AT A A RS 14 i 3R Ak 2 AR
(Gao et al. , 1998, 2004, 2008, 2009; Xu et al. , 2006,
2009, 2010) ,{H 2 e/ B LAY 4 $15 FS i B B IR E A
Pl b g G 0 38 3 % R A I B b g e, K T 2R
Bl 5 0 A Rl A R 2R SR i PR 1) 4 b 9 A FEAE Ry b
KB L5k 19 UE P8 ( Davis and Darby, 2010; Wang et al. ,
2011a, 2012) )Gk ) (Niu, 2005) . PRI, AL se i i)
oA BB B A A K L B T LR R I8,
o B — 2P R

ORAT LR A BE AT TR I T 1 40, R T TG 00 A A
)T a0 PSR b R AR A S A AE B I A 22 5 (X,
2007) o AT LLUEE A8 AT 1) 7 VG T 4000 I i 1 6 B 22 5= AR
AT X B A8 JRE A BT P A A2 e PR AT T e A
0 P e PG T AR ) O 0 e R A R I T T R R AR
Il (A R - R S T MNP AR 1 ~ 150km 78 3% Oy 2R &8 1)
~80km ) &b SR 2% & A U TR A, T N R BT H (Niu,
2005 ) , WL 3 5 ARG AL A KR AR I TE, AE
BRI IR BET R 2 A A B A A JOLPE T, G R
RUST ARFRAT T AR, 4 3l 3 “# AL ) BE 3 20 i e ) AR
B ENE? A AT LA :

(1) 5 BB - BRI AR Hemli A OC 5 B3 B AR 1] LA e 1k
WARRZ T HESTE 4 30 50 2Rk 22 M He A i) 308 ) e e, fi2
HEORAT L3t DX A Bl K DB, 32 R B ) o B 7 A X
AW AER (Ren et al. , 2002; Zhang et al. , 2003 ; Tang et
al. , 2006) . LN, B EERR P LA 40mm/y (1) 3 BE ] BRI AR B
Z TARF, > S0Ma fY i 25 AN B (4 499 J5 2 A a0 98 2 3K 3l
V& g 7 7 3l ( Liu et al. , 2004) ,{H )& Zhao et al. (2011)
HR A IR EEGORS 1 KA T L Ml X A B A 3 g
i B - BRI A TR

(2) 5 RSP 14 1] WO R el A O 5 b 802 BT AR P s
TEP EARIRZ T 410 ~660km 2 P AFFTEVS B RF-FE IR i
M B, LG g AP SE i 28 R AT 1L 8 ) R A 2T ((Karason
and Van der Hilst, 2000; Pei et al. , 2004 ; Zhao, 2004 ; Zhao
et al. , 2004) o PIAT-VER vhafy & 2 BRI KA oty 2 —,
B ] T ARF o R oty b e 0 A A R R 2, AR
Ry BRI R R 2 T 8 R P AR U, 36 B 1 P
B AR B 1) rp AR AR 2 SR Bl PR R AR VU A B TS R A
b B AR 1) 22 5, DG A G B A A 98 2 5 R i s A il L T
J AR AR K # BT AL T (Niuw, 2005)

ORAT UL EE 3 s M b Ao, T B0 - TG Al B A 4y A 7P
IRTPEARS iy 3 P A AL 6 I 3 5 (X, 2007 ), B b3 ik
TP AR P AR 7 e 9K 8l g 380 1 e 52 B — BIL A 14 5 Wi 3 ot 7
B (R P o B — 2B AR 9T

6 &iie

A T SR 2 B Y 70 3R ) 02 3% s BR AL 2 Ak B F
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FE, FAFH LU LRSI

(1) UG s FE AR 2 i A0 S e 2 s B A
2K OIB B HbERALZA4FAE , 5 74 B B i DU LK)
PR BT S R Si 3t DT A AU B AL, SR E AT AT BE R
5T ) — e el b D58 DX Py 0 0 i, ELAT A — R BE PR
TR -5 A AR B

(2) A A LIRS RE R e iR A T ol s ANt
HET AL PRI AN RDEE A R DL 7 B A S

(3) B3 th 5 L 2 PR Tl R L 2D
F¥ R DR B A 5 TV U B e 2 1 194 8 ol R 5K, i v
TRBERL/IN o MG Tl TR JEE 119 22 55 11T RE 5268 il B 55 AR R W 2R
IR

(4) T 3R B BRI 1Ay T A KL Sl 5 2t Pl
T AR B A 5%, JEBIK Bl ) R R e R 1 I o A e 1) A2 %
T, AL AT RE R B RE A B ) BRIV Al B B 08F e £ 9 JSRN 4, B
PR 2, X T2 70415 14 W7 5807 7T RE A 9% B T
fymiE,

B BPANARARE T A A BUL AN SCRLR
Bl s 4 il B T ARAR 2 7 30 B P S 0 5 2 i KA e N
GBI SR S Bl s RS A GA LB 138 T AL, IR 5
B BRI 5 I — I 2 7m 2 0 A I )
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