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1 (a, , 2012 ) (b,
Wang et al., 2012 )

Fig.1 Distribution of the Late Cenozoic basalts in Southeast China and adjacent region (a), and sampling locations of
the mantle xenoliths from Penglai, Hainan Island (b)
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Fig.2 Photomicrographs of the Penglai mantle peridotites
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, 2mol/L  HCI 2~3 h,
: 200
X Rigaku
ZSX100e  Perkin-Elmer Sciex ELAN 6000 ICP-MS
1%~5%,
5%,
(1996) (2001) Sr-Nd
MicroMass ISOPROBE
(MC-ICP-MS) Sr
NBS987 Sr-GIG
, ¥7Sr/sr 8Sr/%5r=0.1194
(2002) Nd INdi-1
Nd-GIG , “Nd/M*Nd MONd/M**Nd=
0.7219 :
(2002) Sr Nd
0.001% JEOL JXA-8100
15 kV,
1~2 pum, 20 nA
Na, K 10s 20s
Fz1

ZAF
LA-ICP-MS Resonetic 193 nm
ArF Agilent 7500a
Ar  He ,
31 um, 8 Hz,
80 mJ KL2 GOR128 ,
(2011)
Ca
Liu et al. (2008, 2010)
<10%
3 IrHrEiR
3.1
11
1
(LOI1<0.5%), ;
MgO Al,O; CaO TiO, Yb
3) MgO
39.90%~43.35%, Mg"* 88.2~91.3

B RERMEEE SRNT IR E(%). 2EEEBTR(%). METHE(N/Q). Sr-Nd BIRESHER

Table 1 Mineral modes (%) and whole rock major (%), trace element (ng/g), Sr-Nd isotope compositions of the
Penglai mantle peridotites in Hainan Island
09HN54-2 HNK34-1-2 HNK34-1-3 2012GT-1 2012GT-2 2012GT-5 2011GT-5 2012GT-3 2012GT-4 2012GTX-1 2012GTX-2
Nos Nos Nos Nos Nos Nos Nys Nos Nos Nos Nys

Ol(%)* 63 65 64 67 60 62 65 62 70 75 73
Opx(%) 24 26 26 26 29 29 33 35 27 23 26
Cpx(%) 9 8 8 6 10 8 2 3 3 2 1
Sp(%) 4 1 2 1 1 1

Sio, 44.34 45.74 43.56 43.57 42.12 43.12 42.94 44.32 43.76 43.21 43.33
TiO, 0.06 0.04 0.02 0.02 0.03 0.01 0.04 0.01 0 0.02 0.03
Al,04 2.97 1.86 2.07 1.08 1.25 1.58 0.97 0.86 0.86 0.84 0.82
Fe,05" 10.02 8.81 8.83 9.05 9.71 11.82 8.87 8.88 8.92 9.46 9.46
MnO 0.15 0.11 0.11 0.13 0.14 0.16 0.12 0.12 0.12 0.12 0.12
MgO 39.9 41.29 42.24 43.35 42.29 40.25 45.18 43.9 44.64 44.99 44.9
Ca0 2.4 2.03 2.16 1.55 3 221 0.77 0.98 0.95 0.7 0.7
Na,0 0.16 0.11 0.22 0.34 0.22 0.14 0.16 0.15 0.11 0.07 0.05
K20 0.02 0.03 0.03 0.02 0.03 0.02 0.02 0.01 0.01
P,Os 0.01 0.01

Cry03 0.47 0.56 0.87 0.37 0.57 0.42 0.29 0.26 0.27
NiO 0.3 0.31 0.33 0.3 0.34 0.32 0.32 0.31 0.31
Total 100 100 100 100 100 100 100 100 100 100 100
Lol 0.27 0.46 0.51 0.35 1.33 1.52 0.07 0.21 -0.15 -0.1 -0.15
Mg* 89.8 91.2 91.3 91.3 90.6 88.2 91.8 91.6 91.7 91.3 91.3

Sc 11.91 10.53 12.12 9.29 11.25 10.06 8.2 7.74 7.45 6.99
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1
09HN54-2 HNK34-1-2 HNK34-1-3 2012GT-1 2012GT-2 2012GT-5 2011GT-5 2012GT-3 2012GT-4 2012GTX-1 2012GTX-2
Nos Nos Nos Nos Nos Nos Nys Nos Nos Nos Nys
Ti 347.6 198.6 182.2 137.1 166.4 75.9 274.2 54.8 51.9 63.5
\% 71 55.5 54.7 38.3 39.4 43.1 39.5 33.8 30.3 31.8 44.8
Cr 5174 2175 3063 3661 5529 2343 3695 2752 1907 1798 1837
Mn 1279 944 937 980 1062 1214 928 892 868 925
Co 150 133 107 107 114 100 119 106 106 118 124
Ni 2209 2187 2237 2329 2419 2233 2500 2410 2409 2397 2409
Cu 15.5 13.93 42.91 4.44 7.04 10.72 5.46 10.79 4.08 3.2
Zn 55.6 415 45.6 435 46.7 39 48.9 44.7 38.5 48 48.4
Ga 2.63 1.54 1.54 0.99 1.15 1.09 2.6 0.75 0.6 0.81
Ge 0.93 0.97 0.94 1.03 1.02 0.91 0.91 0.91 0.91 1.01
Rb 0.33 0.56 0.48 0.63 0.91 0.59 0.29 0.42 0.16 0.62
Sr 15.16 2.62 2.97 33.68 75.81 4.8 2151 12.88 11.61 1.92
\4 1.68 0.95 0.95 0.47 0.77 0.7 0.41 0.34 0.14 0.55
Zr 2.38 2.09 2.29 3.8 5.29 1.91 15.6 2.56 0.83 0.4
Nb 0.29 0.34 0.44 0.58 0.86 0.62 1.56 0.28 0.27 0.11
Cs 0.02 0.02 0.01 0.07 0.1 0.12 0.01 0.06 0.03 0.13
Ba 9.29 1.48 1.68 3.57 4.09 2.79 11.21 0.54 0.41 0.38
La 0.21 0.2 0.2 0.56 0.62 0.23 0.52 0.83 0.08 0.05
Ce 0.55 0.44 0.4 1.21 1.31 0.17 1.08 1.82 0.17 0.12
Pr 0.09 0.06 0.05 0.14 0.16 0.01 0.13 0.21 0.02 0.02
Nd 0.42 0.25 0.2 0.5 0.6 0.06 0.53 0.79 0.09 0.07
Sm 0.14 0.07 0.06 0.11 0.14 0.01 0.11 0.16 0.02 0.02
Eu 0.06 0.03 0.03 0.04 0.05 0.01 0.03 0.04 0.01 0.01
Gd 0.2 0.09 0.1 0.1 0.16 0.05 0.11 0.09 0.02 0.03
Tb 0.04 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0 0.01
Dy 0.24 0.14 0.16 0.09 0.15 0.09 0.09 0.08 0.02 0.04
Ho 0.06 0.04 0.04 0.02 0.03 0.03 0.02 0.01 0.01 0.01
Er 0.19 0.11 0.12 0.06 0.09 0.09 0.05 0.04 0.02 0.03
m 0.03 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0 0.01
Yb 0.18 0.13 0.14 0.06 0.09 0.12 0.06 0.05 0.03 0.04
Lu 0.03 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01
Hf 0.07 0.05 0.05 0.09 0.1 0.02 0.27 0.06 0.02 0.01
Ta 0.02 0.02 0.12 0.08 0.11 0.03 0.13 0.05 0.04 0.01
Pb 0.08 0.87 0.12 0.21 0.14 0.21 0.1 0.28 0.18 0.13
Th 0.02 0.05 0.04 0.1 0.1 0.03 0.09 0.13 0.02 0.02
U 0.01 0.01 0.02 0.03 0.06 0.08 0.07 0.04 0.01 0.01
(La/Yb)y 0.8 1.1 1 7 4.7 1.4 6 13.3 1.9 1
(Gd/Yb)y 0.9 0.6 0.6 1.4 1.4 0.4 1.4 1.7 0.6 0.7
YREE 2.4 1.6 15 2.9 35 0.9 2.8 4.1 0.5 0.5
SLREE 15 1 0.9 2.6 2.9 0.5 2.4 3.8 0.4 0.3
SHREE 1 0.6 0.6 0.4 0.6 0.4 0.4 0.3 0.1 0.2
LREE/HREE 1.5 1.8 15 7.2 4.9 1.1 6.6 13 3.6 1.8
8sr/®sr  0.703799  0.703129 0.703947  0.703926 0.703711  0.70378
Nd/Nd  0.513141  0.513195 0.512893 0.512875 0.512972  0.51285
£na(0) 9.8 10.9 5 4.6 6.5 4.1

100% *,



1 B RE EEBMSYIKEEARMEREAE AFENE: kEEREKE KL FIESR 163

3 -MgO ( Takazawa et al., 2000  XuY Getal., 2003;
Hart and Zindler, 1986; Xu X S etal., 2002)
Fig.3 Whole-rock major and trace elements vs. MgO diagrams of the Penglai mantle peridotites

MgO , 43.90%~45.18%, , (La/Yb)y=0.8, (Gd/Yb)\=0.9( 4a),
Mg* 91.3~91.8, Al,O; CaO TiO, Sr Ba Nb Ta
: ,Th U Zr Ti ( 4b);
LREE HREE , (La/Yb)n=

(4 REE  4.7-13.2, (Gd/Yb)\=1.4~1.7( 4c)
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4 (a, ¢ e) (b, d 1)
( Sun and McDonough, 1989)

Fig.4 Chondrite-normalized REE patterns (a, ¢, €) and primitive mantle-normalized trace element spider diagrams (b,

d, f) of the Penglai mantle peridotites

2012GT-1  2012GT-2 Sr
U Zr ,Ba Nb Ti
2011GT-5 U Ba Sr Zr Hf
Ti ,Nb Y 2012GT-3
Ba Nb Zr Hf Ti ( 4d);
U :
(La/Yb)y=1~1.9, HREE ( ),
(Gd/Yb)y=0.4~0.7(  4e)
: HNK34-1-2  HNK34-1-3
Ta Zr ,Ba Sr , U
Ta Sr Zr Ba ( 49
3.2 Sr-Nd
6
1 8Sr/%sr 0.703129~0.703947
, °Nd/M**Nd 0.512850~0.513195 (ena=

+4.1~+10.9), MORB-OIB

(DM) ,
( 5
HNK34-1-2 YNd/A“Nd - (0.513195)
8Sr/%®sr  (0.703129),
3.3
33.1
( )
(LA-ICP-MS ) 2 3
Fo 89.4~91.9 ,
Mg* 89.8~92 ;
Fo 87.2~91.7 , Mg*
87.7~91.8 ,
cr* 0.12~0.5 , Mg*
90~93.4
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5 ¥5r/88sr-1Nd/““Nd  (MORB  OIB Zindler and Hart, 1986;
Tu et al., 1991, 1992; Flower et al., 1992; Hoang et al., 1996; Zhou and Mukasa,
1997; Yan et al., 2008; , 2009; Zou and Fan, 2010)

Fig.5 Whole-rock 8'Sr/28Sr vs. “*Nd/***Nd of the Penglai mantle peridotite

R2 BEBERMEEEET YR TR SN THER(%)

Table 2  Average electron probe analytical results of minerals from the Penglai mantle peridotites in Hainan Island (%6)

() Si0; TiO, AbO; FeO MnO MgO CaO Na,O K,O NiO Cr,0; Total Mg

ol 6 40.81 0.02 001 9.6 011 47.82 0.03 002 001 044 001 98.89 89.9

Opx 6 56.01 0.08 298 6 012 3285 053 004 001 011 046 99.19 90.7
09HN57(1)

Cpx 1 52.63 0.18 3.44 224 009 1584 2376 085 0 008 0.84 99.94 92.7

Sp 2 0.06 0.17 44.83 13.08 0.1 183 001 002 0 0.3 22.31 99.18

ol 9 412 001 001 876 012 4874 004 003 001 041 001 99.34 90.8

Opx 4 56.86 0.02 2.02 567 0.12 33.67 061 009 002 009 053 99.7 91.4
09HN54(2)

Cpx 1 53.48 0.07 3.1 235 006 1572 2237 1.38 0 006 1.4 99.99 923

Sp 1 0.08 011 27.21 16.44 017 1476 0 005 0 0.17 40.97 99.97

ol 8 41.08 001 003 977 013 4805 008 004 0.01 043 002 99.65 89.8

Opx 14 55.05 0.06 4.46 6.28 0.13 32.02 077 0.3 001 012 037 99.4 90.1
09HN54(3)

Cpx 4 51.83 0.22 584 291 009 14.97 2127 155 0.02 0.04 079 9952 90.2

Sp 3 0.8 007 546 11.77 01 1969 0 0.07 0.02 0.42 11.32 98.24

ol 10 4137 0 001 884 011 4895 005 003 001 042 002 99.81 90.8

Opx 9 56.50 0.03 249 547 012 333 076 008 0.0l 009 055 99.48 91.6
09HN54(4)

Cpx 1 534 0.09 264 233 009 16.88 23.24 0.63 0.01 0.08 0.89 100.27 92.8

Sp 2 0.04 0.1 3356 1346 019 1652 0 01 0.01 0.21 3592 100.1

ol 8 41.26 0.01 003 83 011 49.14 007 0.12 003 044 002 9951 91.3

Opx 12 56.53 0.03 2.75 5.34 012 3324 077 011 001 011 06 99.62 91.7
HNK34-1(1) Opx 1 56.16 0.05 2.75 541 012 3351 077 0.1 001 011 056 99.54 91.7

Opx 1 56.49 0.01 2.68 544 011 3328 077 041 - 013 065 99.66 91.6

Cpx 8 53.13 0.1 3.94 238 006 16 21.44 141 001 005 1.43 99.97 923

ol 2 4133 0 001 942 012 4853 003 001 001 051 0  99.96 90.2
HNK34-1(2)

Opx 5 55.73 0.05 3.6 6.02 0.14 3248 065 0.08 002 0.09 044 99.29 90.6
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2:
() Si0, TiO, AlL,O; FeO MnO MgO CaO NaO K;O NiO Cr,0; Total Mg#
Cpx 2 52.06 0.18 5.19 196 0.06 14.91 2276 1.52 0.02 0.05 1.11 99.81 93.1
Sp 3 0.04 0.01 51.81 11.32 0.12 18.99 0 0.04 0.01 0.27 17.06 99.68
ol 9 40.99 0.01 0.01 9.15 0.13 48.21 0.02 0.02 0.01 0.44 0.01 99.01 90.4
Opx 13 55.97 0.03 354 6.05 0.13 32.67 052 0.05 0.01 0.1 0.42 99.47 90.6
HNK34-1a
Cpx 4 52.87 0.16 4.92 202 0.06 14.94 2287 1.44 0 0.01 0.99 100.29 92.9
Sp 3 0.03 0.03 53.17 11.06 0.1 19.17 0 0.01 0.01 0.37 15.65 99.61
Ol 4 4116 0 0.02 9.24 0.12 4856 0.03 0.05 0.03 0.43 0.02 99.65 90.4
Opx 8 56.21 0.04 3.46 6.08 0.13 32.74 054 0.06 0 0.08 0.41 99.73 90.6
HNK34-1b
Cpx 6 51.96 0.12 5.3 2.13 0.08 15.07 22.14 152 0.01 0.06 1.11 99.51 92.6
Sp 2 0.03 0.03 52.35 11.35 0.11 19.25 0 0.02 0.01 0.34 16.69 100.19
Ol 7 41.25 0.01 0.02 892 0.13 48.79 0.07 0.07 0.01 0.43 0.03 99.73 90.7
HNK34-1-3
Opx 7 56.42 0.07 2.79 5.7 0.13 3294 082 0.09 0.01 0.12 0.61 99.69 91.1
ol 6 4092 0 0.02 9.14 0.12 49.16 0.07 0.03 0.01 0.41 0.03 99.91 90.5
Opx 6 56.52 0.09 264 581 0.12 328 104 0.14 0.02 0.09 0.73 99.99 91
HNK35(1)
Opx 1 56.6 0.03 2.86 54 0.13 32.83 091 0.12 0.08 0.71 99.66 91.6
Opx 1 56.45 0.22 151 7.83 0.15 31.38 1.76 0.07 0.06 0.65 100.07 87.7
MgO A|203 Na,O T|02 a ,
( 6) , A|203 Na,O Rb Ba Nb Sr Ti
) , Ta Zr Hf
Ca0 ( 7d)
A|203 Na,O TiO, s CaO C
, a b LREE HREE ( Te),
c (7 LREE HREE (La/Yb)y=
a 2.39~26.0, (Gd/Yh)x=0.94~6.14, (Ho/Yh)y=0.84~1.95,
LREE HREE Mg =91.4~92.8, Al,0;=2.64%~4.17%, Ti0,=0.06%~
’ 0.18%, Ti=675~919 ug/g; Mg*
(7 LREE 0 Mg*0=90 fggig Mg*0px=90.4~92 g
, La Ce  HREE o g 8';4 | g op=oLA72,
r .24~0.

(La/Yb)y=0.04~2.78, (Gd/Yb)y=0.46~0.70, s !
(Ho/Yb)x=0.69~1.09, Mg",,=92.3~93.4, Al,05=4.29%~ _ Ba
5.77%, Ti0,=0.11%~0.19%, Ti=303~1277 ug/g; HFSE Nb Ta Zr Hf Ti ;

Mg* Mg’ =90.1~90.7, Zr Hf ( 70
Mg*0,x=90.3~90.8, Cr's, 0.14~0.19 3.3.2
Brey and Kolher (1990) Ca-in-Opx
Th U Ta Sr ( 0 ) abec

) 988 ( 4), 932

, HREE U (70, . 1000
HREE (La/Yb)y=1.79~7.41, (Gd/Yb)y=0.72~  "utirka (2008) ( 56 )
2.28, (Ho/Yb)y=0.84~1.13, Mg'c,=89.9~90.3, Al,O;= & P © 780~
5.80%~5.87%, Ti0,=0.18%~0.27%, Ti=1378~1598 pg/g; 911 ,948~953 956~984 ( 4)

Mg* Mg*=89.4~90.1,

Mg”opx= 89.8~90.4, crs,  0.12~0.13

Xu 'Y G et al. (2002)
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6 -MgO

2002; XuY G etal., 2002)

(

Yaxley et al., 1998; Xu Y G et al.,

Fig.6 Major and trace elements vs. MgO diagrams of clinopyroxene from the Penglai mantle peridotites

4

4.1

MgO
CaO Al,0; Na,O TiO, Yb ,
Ni ( 3 6),

(Frey
et al., 1985; McDonough and Frey, 1989; Xu X S et al.,
2000; Takazawa et al., 2000) ( Ba
Nb) ( HREE),

. AlOs

10.4%,

cr

a b c

CaO TiO,

MgO

Hellebrand et al. (2001)

2. 7%~

4.6%~7.2%, 2.7%~2.8%, 9.9%~10.4% b

Mg*oi Cr's,

Mg#Cpx Mg#Opx
HREE
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7 (a, c, e) (b, d, )
( Sun and McDonough, 1989; XuY G etal., 2002)

Fig.7 Chondrite-normalized REE patterns (a, ¢, €) and primitive mantle-normalized trace element spider diagrams (b,
d, f) of clinopyroxene from the Penglai mantle peridotites

R4 B BERMSENESREEE( )FE N (x10° MPa)fE B 45 R

Table 4 Temperature () and pressure (x10> MPa) estimates of the Penglai mantle xenoliths in Hainan Island

(Brey and Kohler, 1990) (Putirka, 2008)
T( ) T( ) P(x10% MPa)
n max min average std. T max min average std. max min average std.

HNK34-1a 13 1015 818 880 47 3 822 779 795 20 9.2 6.0 7.8 1.3
HNK34-1(2) 5 991 866 926 45 3 818 798 806 9 7.0 6.6 6.8 0.2
HNK?34-1b 8 1013 830 884 53 3 911 828 858 38 9.7 7.0 8.6 1.2
09HN54(3) 14 977 960 968 5 4 952 948 950 2 9.8 9.3 9.6 0.2
09HN54(4) 9 975 949 961 7

09HN57(1) 6 915 864 886 18
HNK?34-1(1) 12 975 955 966 6 9 984 956 973 9 9.3 8.0 8.7 0.3
HNK34-1-3 7 988 968 979 8

HNK35(1) 5 1010 976 1000 12

09HN54(2) 4 935 895 913 15

in. ; max. ;min. ; average. ; std.



% 1H bz

RE BEBMEYT KEERARTEREGENNZNG: KAIEIERE K MIRLFIER 173

Mg#Opx Mg’ol Cr#Sp

Mg*cox HREE ,

Y Yb 3 cCl

, 4.68 pnglg  0.4875 pglg, DyCPmelt=
0.42, Dy,p°P™'=0.40(Anders and Grevesse, 1989;
Johnson et al., 1990; Norman, 1998) 8a

, 50%

40% , (Zimbelman
and Gregg, 2000), )

8b

a b c
7%~10%, 4%~5%,

4%~20%

9%~20%, cr

((Gd/Yb)y=3.95~6.14),
( , 2001)

HREE

( REE
Y Yb 3 cCl

( 4e) HREE
((Gd/Yb)y=0.4~0.7),
(Johnson, 1998), HREE,
Sr Ti Y , Zr ; (Cpx)
HREE ,Zr Ti
Zr , SrY HREE
(
, 2001) Hauri and Hart (1994) Cpx
HREE Zr
, Xu
Y G et al. (2002)
HREE ,
HREE ,
HREE ((Gd/Yb)n=
0.4~0.7), Zr ,Sr Y Ti ,
Sr Zr
( , 2001) Xu'Y G et al. (2002)
18% :
5% ,
13%

Yb Y
Johnson et al., 1990; Norman, 1998;
, Anders and Grevesse, 1989; Norman, 1998)

Fig.8 A comparison of batch and fractional melting models with the primitive mantle-normalized Yb and Y contents
of clinopyroxene from the Penglai mantle peridotites, assuming a primitive mantle source
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) ) Nb  Zr ,
(Keppler, 1996)
, Nb Ta ,
HREE Nb Ta ,
4.2 ,
LILE HFSE ( 4 7,
Sr-Nd Coltorti et al. (1999) ,
MORB-0OIB , (
5), , (La/Yb)N-Ti/EU
LREE , La Ce
Rb Th U ( ( 10,
4 7 , a b
, , C
a LILE LREE , HREE
( , (Johnson, 1998)
(Th U Sr La) , ,
b HREE
LREE LILE, Th U Rb Ba Nb Ta , HREE
Sr Ti ( 7, HREE
LREE Th U c , LREE ( 4,
LREE LILE, HREE , (chromatographic column)
Th U Nb (Navon and Stolper, 1987; Bodinier et al., 1990),
Ta Ti (7, LREE HREE :
Th U b HREE
9 , b ; c
La Y La HREE , c
Sr ( 9a),c : (
La Nb Zr ( 8) , c HREE
9, 0), c Sr Nb Zr ((Gd/'Yb)y=3.95~6.14),
LREE a HREE
Sr Nb La Zr , ,
Ti LREE La HREE , c
, Ti
: Y Lu Ti , -
( 9b, d), ;
Nb  Zr ( HREE (Frey and Green, 1974)
of, h), Nb Zr Ti , Ti
, Ti  HREE Ti-ena(0)
b c Sr Nb , HNK34-1-2 Ti
Zr La , end(0) ( 11),
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9 La Y
Fig.9 Plots of selected trace element compositions against La and Y in clinopyroxene from the Penglai peridotites

, Ti , c ,  Freyand
Green (1974) ,
, ( Ti ) Sm/INd &w©0)
10 , 10
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Falk
1000
(1100~1350 , Wang et al.,
2012),
Sr-Nd
Hauri and Hart (1994)
_ LREE a ,
10 (La/Yb)y-Ti/Eu  ( (780~911  ): U REE b
Coltorti et al., 1999; Sun 948-953 - LREE
and McDonough, 1989) ( );
Fig.10 (La/Yb)y vs. Ti/Eu diagram of clinopyroxene C
from the Penglai mantle peridotites (956~984 )
(O’Reilly and Griffin, 1996) , C
a
932 1000
11 Ti'SNd(O)
Fig.11 Plot of Ti vs. &ng(0) for the Penglai mantle peridotites ,
N/ *Nd !
4.3 42%
Sr-Nd (Hauri and Hart,
( 5 1994); Rhon
(Tu et al., 1991, 1992; Flower et al., 1992; Zou et al., (Witt-Eickschen and Kramm, 1997);
2000; , 2009; Zou and Fan, 2010; Wang et 12%
al., 2013), (HNK34-1-2 :
09HN54-2) Sr-Nd , ( , 2001)

4.4
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( , 1997, 1998; ,
2013; , 2015) ;
) ( , 2002)
- ( , 2005, 2006; ,
, 2010; , 2006), H,O CO,
( , 2014)
5 4 ®
. (1)
MORB-OIB
Fo ,
(Yan et al.,
2008; Lei et al., 2009; Zou and Fan, 2010; Wang et al., (2)
2012; Liu et al., 2015) HREE ((Gd/Yb)n=0.4~0.7),
(Lebedev and
Nolet, 2003; Montelli et al., 2004, 2006; Zhao, 2004, 18%
2007; Huang and Zhao, 2006; Lei et al., 2009)
250 km 80 km HREE
(Lei et al., 2009) , (3)
1900 km (Ritsema et al., 1999; Montelli LREE
et al., 2006) (Zhao, 2004, 2007; Lei a Cpx ,
and Zhao, 2006) 7%~10% ,
(Th U La Sr)
) U b
( , 1995; Chung et Cpx , 4%~5%
al., 1997; , 2001, 2002), , LREE Th U
; LREE
(Xu X S et al., 2000; HREE ((Gd/Yb)y=3.95~6.14) ¢
, 2001, 2002; Xu Y G et al., 2002) Cpx :
MORB-OIB , 8%~20%

(4)
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Formation Mechanism of East Asia Continental Margin Extensional
Belt: Evidence from Geochemistry Study of Hainan Mantle Xenoliths
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Sciences, Guangzhou 510640, Guangdong, China; 2. University of Chinese Academy of Sciences, Beijing 100049,
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Abstract: The mantle xenoliths (spinel lherzolites and harzburgites) that were brought to the surface by the Penglai
Cenozoic alkali basalts in the Leigiong active area of East Asia continental margin extensional belt have been studied to
constrain the nature of the upper mantle and the mantle processes. Analytical results obtained by Laser Ablation
Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) and other techniques suggest that the variation of the
major elements of mantle xenoliths is primarily controlled by the partial melting degrees, and the harzburgites
experienced higher degrees of partial melting than lherzolites. The whole-rock Sr-Nd isotopes indicate a MORB-OIB
type depleted mantle beneath Hainan Island. Three types of clinopyroxene with distinctive geochemistry characteristics
are recognized among these xenoliths. (1) The type-A clinopyroxenes from the Cpx-rich lherzolites, with
Mg*=92.3-93.4, have experienced 7%-10% partial melting. The contents of their LREE and incompatible elements are
extremely low, with flat heavy REE (HREE) patterns and positive spikes of Th, U, La and Sr, indicating incipient
enrichment of highly incompatible elements. (2) The type-B clinopyroxenes from the Iherzolites containing relatively
more Cpx, with Mg"=89.9-90.3, experienced only 4%-5% partial melting. Their LREE and incompatible elements
concentrations are comparatively high, with flat HREE patterns, positive anomalies of Th and U, and negative anomalies
of Rb, Ba, Nb, Ta, Sr and Ti, suggesting silicate melts percolation with enriched LREE and LILE contents. (3) The
type-C clinopyroxenes from the Cpx-poor lherzolites and harburgites, with Mg"=91.4-92.8, experienced 8%-20%
partial melting. Their LREE and incompatible elements contents show a steep enrichment, coupled with fractionated
HREE patterns, Th and U enrichment, whereas Nb, Ta and Ti are strongly depleted. Their characteristics indicate that
the percolating melts could be the carbonate melts from deeper mantle with garnet residues. Besides, parts of the Penglai
mantle peridotites show fractionated HREE characteristics ((Gd/Yb)y=0.4-0.7), suggesting that the mantle beneath the
Hainan Island may have experienced polybaric melting initially from garnet stability field with high potential mantle
temperature. The modelling suggests these peridotites experienced about 18% polybaric melting with 5% in the garnet
stability field and the other 13% in the spinel stability field. Integrated with the previous studies of the Cenozoic basalts
in the Leigiong active region, we conclude that the Hainan mantle plume could be the origin of high potential mantle
temperature and it may provide the heat source of partial replacement of Archean-Proterozoic lithosphere by
asthenosphere, which rose adiabatically subsequent to lithospheric thinning during the Cenozoic Era. The modification
and heterogeneity of the lithosphere caused by the mantle plume and the subsequently melting of the mantle plume,
asthenosphere and enriched lithosphere are probably the main dynamic mechanism triggering the lithospheric thinning
of the Leigiong active area in East Asia continental margin extension belt.

Keywords: mantle xenoliths; clinopyroxene; trace element; partial melting; metasomatism; Penglai in Hainan province



