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Fig.1 Simplified regional geology map of Liucheng
limburgite in Fujian Province
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1—Shimaoshan Group; 2—Bantou Formation; 3—Douling
Formation; 4—Zhangping Formation; 5—Tongziyan Formation;
6—Ansha Group; 7—Weifang Formation; 8—Dongkengkou
Formation; 9—Lintian Formation; 10-—Late Jurassic biotite
monzonitic; 11—Permian biotite-monzonitic granite; 12—

limburgite; 13—fault
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PR PR BB S S B T RS A AT ik ST R A, AT
WEANT 1%~5%, BRI T kR RES% Qi

et al (2000 M RIRIE. HOKWRMLRFRRHAL
H K-Ar R0 7 7 B 4 EROT Z B 5T B 52 AU »
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3.1 ERE

Mg g s EB TR S EM CIPW 45 M
TYIHEERRAE L. HRHET W F Ne=11.73%
~14.09 % .01=31.08%~31.62% ,$ %] Ol-Ne &
ROPR%,1988) F(H 20) , BHEBEEM TR &
XEBH . ABMHEE. BF Zr . TL.Y R TFAEER T
B EREASETRE —E Gt et &
EARZEHRE N E N, EHE Zr/TiO,—Nb/Y B
## (Winchester et al. ,1976) #(# — 2 A 5 (& 2b),
EREEBERIINBRE/BZEXEA, 5 O
Ne BIf# G RE W .

MR B B I B9 SiO, K 40. 21% ~40.67%,
HEEE A LIWEB; K, O+ Na, O 2l 3. 47% ~
4.22%, V418K 3.78% ,Na,O/K,O ¥ 2.6~3.1,
TiO, K 2. 12% ~ 2. 26%, CaO X 10. 87% ~
11.50% . TFe J§ 10. 68% ~ 11. 19 %, AL, O, N
7.33%~7.94%, %5 CaO R E X 8 A M A AR
fif (Peacock et al.,1994), CIPW {R#EF ¥ F &
4.30% ~5. 44% A A 4+ F (Lo), 11, 73% ~
4. 09%HBAES T (N MEAZF DD, AEH
EoF Q.. FHAAMHEEAT Yo T (01>
2500 AR RS R RS, HBEE NayO
HEBEE KO & LMK, K, O/Na, O K 0. 32~
0.42, BB AR A . MgO b 20. 41% ~
20.72% ,M/F Xy 3. 74~3. 91 Z 18], L0 i & L 72
mEH T ER S RER. Meg* 5 F R4 (S0,
CaO.TFe fil K,O+ Na, O) .#x ¥ 44> F (Di, Ol
Ne AP B S BZEHEFHMMEXHE, BE
Mg* 7% % 8 fn, SiO, . CaO. K, O+ Na, O, Di, Ol
(Fa) .Ne.Ap ¥4, TFe #1 Ol(FoO) Z #H %K, 55
BRELEEAEWEALBEHMM (Frey et al.,
1987, 5N ENATHNNBEEEEASLRWHELE
RAEE—EHEHCGRE B%F 1995,

3.2 Bixx:

PR B 5 M BE 9 X REE 2 414 ~436ug/g
(% 2),LREE 2 394~ 410ug/g,HREE % 25. 1~
26.8ug/g, LREE/HREE=15. 0~15. 7, (La/Yb)y
=35.1~36.2,(Ce/Yb)y=25.0~25.7, #HHH
T EER.BERIELE. ERITHRNFENEL
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Liucheng limburgite in Fujian Province

F1 HEREERENETHLERS(%)E CIPWHE
Table 1 Petrochemical compositions( % ) and CIPW values for Liucheng limburgite
=22 LC1 LC-2 LC-3 LC-4 LC-5 LC-6 =357 LC-1 LC-2 LC-3 LC4 LC-5 LC-6
Si0; 40. 67 40, 44 40, 35 40. 49 40.21 40. 34 TFe 10. 68 11.09 11. 07 10.79 11.12 11.19
TiO; 2.12 2.15 2.15 2.21 2.23 2.26 Mg# 78 77 77 77 77 77
Al, O3 7.78 7.49 7.33 7.94 7.67 7. 80 Or 0 0 0 0 0 0
Fe; O3 3.30 3.50 3.62 3.23 4.05 4,11 Ab 0 0 0 0 0 0
FeO 7.7 7.95 7.81 7.88 7.48 7.49 An 4,69 6.12 5.94 4.55 5.61 6.53
MnO 0.21 0. 20 0.20 0.21 0.20 0.19 Le 4,98 4.55 4.47 5. 44 4,30 5.13
Ca0 11.27 11. 44 11.50 11.25 11. 04 10. 87 Ne 13. 84 11.98 | 11.73 14. 09 13.12 | 12.06
MgO 20. 61 20, 41 20.72 | 20.55 20.63 | 20.43 Di(Wo) 18.42 18.29 18.32 | 18.35 17.47 | 17.01
K,O 1. 06 0.97 0.95 1.17 0.92 1.09 Di (En) 14.15 14 14. 11 14. 05 13. 65 13.29
Na, O 2.99 2.57 2.52 3.05 2.83 2.59 Di(Fs) 2.28 2.33 2.22 2.33 1. 87 1.81
P;0s 1.29 1.30 1. 36 1.31 1. 36 1.26 Ol(Fo) 26.51 26.49 | 26,94 | 26.38 | 27.06 | 27.01
R 0.93 1.47 1.35 0. 82 1.41 1.45 Ol (Fa) 4.72 4. 87 4.68 4.84 4. 09 4.07
Bt 99, 96 99.88 | 99.87 {100,124 100.03 | 99.90 Mt 4. 84 5.16 5.33 4.72 5.96 6. 06
H, O~ 0.38 0.57 0. 89 0.44 0.55 0. 83 1l 4,06 4.16 4.14 4,23 4.3 4. 36
K:O+Na;( 4.06 3.54 3.47 4,22 3.74 3.68 Ap 2.85 2.88 3.02 2.87 3 2.8

1 Mg# =100 X Mg?™ /(Mg?* +Fe?"), TFe=FeO-+0. 899 X Fe; O, , CIPW {H #{F{ MINPET2 & #4i}#&.

TLERBRKRERAE2EXE(E DA UEF L, LS
AN ELA B LREE & % . HREE % 5 # /9 5
fE, 2%+ R B A M ILERF (0. Lay = 306 ~
318) , A AN K LA 1 LA (I : Yy =8~9),
BERAE R T X RE R G REA RS
(AR T EH S8 (325 L %,1997; ZFEk4
%,2002;Foley,1992)  HIE X FHE A AR B M.
BIEBERH L CEMBEEREEERTRELT
JUBH A TR - H 08 A A B/ DR B B i R (CE P )
%,1989) , KKG A s 4B 5 #A By B b & AR AR
HoamEm, L E - ENH TR RAMEHN(ERY
% 1995), 8Eu=0.98~1. 00, R BR i Eu %,

HYFI BT H R Ce BH (8Ce=0. 94~0.96),
ARl U FILFEEESE YRR A Bk
4H,1997) , R KB R T IH X 1 B A R
(CE A WIS, 1989) , I v 8 ¥ U1 AR 0 R 98 7K X Hb. 08 Y
AR AE F (Clive and Taylor,1989),
3.3 MERE

VImB AN MBETEFTELER 2, A
JCR BN B A R HEAL D 2 i 4R (B RS E ] B W
ALNLCr A SHA, ZRURESBETMMA A
BELHTEER. Green(197D) G EABME X
REFKMNEHMEH290ue/g,Cr380pg/g,
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B2 K H L E BRI AR EE LS BRI R AR S 1 X
F2 NEBERHENR BRI R(peg/e)
Table 2 Trace element and REE of the Liucheng limburgite in Fujian Province
B LC-1 LC-2 LC-3 LC-4 LG5 LC-6 = LC1 LC-2 LC-3 LC-4 LC-5 LC-6
Se 18.0 16.9 16.8 16.1 16.3 17.0 Ce 178 180 175 186 186 177
v 165 154 154 158 155 181 Pr 20 21 20 21 21 20
Cr 1049 1034 1052 1070 1023 902 Nd 80 81 80 82 83 80
Co 69 68 67 66 68 65 Sm 13.8 14.1 13.8 14.5 14. 4 14.2
Ni 743 748 768 738 751 | 684 Eu 3.90 3.93 3.94 4,07 4,15 4.05
Rb 41 51 51 59 70 54 Gd 10. 6 10. 6 10,6 10.9 11.4 11.2
Sr 1071 1091 1130 1091 1086 1015 Thb 1.38 1.42 1. 36 1.44 1.50 1.48
Y 33 33 31 32 32 31 Dy 6.78 6. 96 6.92 7.21 7.24 7.21
Zr 403 403 378 395 395 371 Ho 1.14 1.16 1.15 1.21 1.22 » 1.18
Nb 148 145 132 145 137 124 Er 2.80 2.83 2.85 2.98 2.95 2. 86
Ba 655 799 791 685 807 997 Tm 0. 318 0.322 0. 33 0,336 0. 347 0. 327
Hi 8.01 8.15 8.00 8. 40 8.50 8.29 Yb 1. 87 1. 88 1. 84 1.96 1.98 1.90
Ta 7.24 7.14 6.97 7.73 7.45 6. 80 Lu 0.238 0.236 0.234 | 0,247 0. 249 0.244
Th 13.7 13.2 12.4 13.8 13.7 12.5 REE 419 423 414 436 436 421
18] 2.82 2.75 2.84 2.92 2. 83 1. 48 SEu 0.99 0.98 1.00 0. 99 0.99 0.98
La 98 98 97 102 101 99 (La/Yb)n 36.1 35.8 36,2 35.7 35.1 35.9
1000
——1C-1 ——ILC-2 1000
—A-1C-3 ~%—LC-4 ——1C-1 -E—LC-2
—*—1C-5 -—6—LC-6 —h—1C-3 ——LC-4
N 100 —*—1C-5 —e—LC-6
= P ——0IB —A— KK
& 2 100
L g
ng %
3 10 2
10
1 . R
La Ce Pr Nd Sm Eu Gd Tb Dy He Er Tm Yb Lu

A 3 URIBEEERCE RN RO ARMEAL TR LT R AR
Fig. 3 Chondrite-normalized REE pattern for Liucheng

limburgite in Fujian Province

BB A FRHE{E 5| B SR (Anders and Greresse,1989)
The chondrite-normalized values are from Anders and Greresse(1989)

Wilson(1989) 45 H JE 45 & % Ni=400~500ug/g,Cr
>1000pg/g, A X KM KL E Ni=684~768ug/g
(E¥ R 739pg/g)» Cr =902 ~ 1070pug/g (¥ K
1022ug/g) » it Green(1971) 44 By JF A= B X R
A¥AE,5 Wilson (1980 & KRR A K AR,
RUEX B EERERS.

M B E A AT E “ RN E” (B 4,
BLorph &k A ERAMESER, BF LILE.Nb. Ta #
LREE E % .HREE MY T I, 5SS TR A
(OIB) 210,18 LILE.Nb,Ta .LREE %81 8% OIB &
£, TiNARESHEEXRE (OB AR, K B3 5%
BANBEERX SRR OBNHBERFELELER.
BHME B Rb. K A5 HAFE 20 HIUM #hig
B (3R W, 1999) , B /R A A B IR X T RER B &

1 . PP .
Sr K BaRbTh U TaNbLaCe P Zr HfSmEuTi GdTbDy Y TmYbLu

A4 URBEEMERHELEARER
i 08 A HE AL 0k R
Fig.4 Primary mantle-normalized incompatible trace element
spider-grams for Liucheng limburgite in Fujian Province
ke85 OIB FR¥E(E 5] A 3CHK (Sun and McDonough,1989),
B AR ST B SCHR (X 4%, 2005)
PM and OIB normalized values are from Sun and McDonough

(1989) , Data of Jiaodong are form Liu et al (2005)

/45 A HIE (HIMU) . Ti 5 5% 7§ i T i@ 5%
BiadhE TiTHWsIRN. VREEEENKET¥%
ARR BYRLIEVESTFTRERABHNER
(Anders and Greresse,1989) ,Nb/Ta =18, 3~20. 4,4}
TR HEAY Nb/ Ta =17.5+2. 0 {E BN, B R IR 4R
FIKR b8 A 2 R B R A R (<S50 T R
B4 » [7] A T B8 32 B3 ZU A 8 AR AL AR

4 g
4.1 BRHEE

MR B RCA B B & LILE f1 LREE i3t
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HI b ER AL 2R 38 R B, 5 R B R P R R A R
VIR SERA. B XY RBREFEATH
BH I UUEEEM SO, ¥ &, LREE 5 SiO, Z 8%
FERTMMXE, S A LREE 5 SiO, &AM X
P HK #seR EA La. Th EEAHFE,La.Th 7
E THRPEERAFAMI AN, LHTEENESR
La,Th, THIZEHBHESR Th, ERAEMATY IR
P, 5AH Th.La BARTFEARRENIEMEXKR
(B 5a), JF 4 Hu 18 b5 ME L H (Th/Taden-(La/Ta)py
B I (Ingle et al. , 2002), MBI REF S 2 M
X, RAAAREEZHTYRIBRY; HH,.BAME
ERRE5RRBRTRERTMAE P HERAR,
#WRYFE S Th & Nb K, @5+ Th L Nb &, &
EHEHBFTIRGE LR T B N, Th Z 5 2 A%, &
Nb/Y-Th/Y (B sHOHIBMA R BEEHARXEKR,
BRHRR YRR T REd:. B, A LA
TR HR KA Y RS E A W ERIL 2 R
T 108 YR X B REAE

MR gt e A P,O; /AL O; =0, 16~0. 18,
AT BB A, g s R E T R R IE. Rb/
Zr-Rb/Nb( T B BT %, 1994) #1 Ba/Ca-Sr/Ca & %
(Onuma et al. ,1981) F,F I N EH KK H LBV
AR EAL R (E 6a.b), CEHREY, I
REFBMIBFTREEEARAFE LS EN T
BEIBEXPY SEMNYE.FH Z/Y Y A
AR, B AR 3k AR A O A IR X ) E E S AR
(Minker,2000) . ¥l 3; BB A Zr/Y-Y K 3E
IR IEA M (B 60), BN 5 3 R IR A # A Bl
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£ 086} X%
0.84 F uc
0.82 }' ke
’ (a)
0.80
0.6 0.7 0.8 0.9 1.0
(La/Ta),,

A8 B B 4 45 El Ce/Y-Zr/Nb B ## ( Deniel,
1998) b (B 6d) , B i s 75 75 A A8 A AH B 5 1 08 R
X, 53T SR 06 A R A RO A I ik X 0 S A e o 2
VT, RO R B EACE YT R R A A M A /N B
BRI Y., RIERE Q000 FR BB XA W
APERERFERIBEERERTARG
BEBARX,
4.2 HIBFERMERSELSIE

FPEAEBHERZRASMAFESZRE
B BRI 2F HRRAE . W0 3 30 2 R W R P B T R M BR
CERERY L B E X B HIMU # 5. @AM
BERAEWLERE SR EHEMKIRE— R
WX R, Nb/UES g 20T H51E X%
B b, s % OIB #i MORB W i N 47 £+ 10
(Hofmann, 1988 ), B &I Jc i # 52 L (H & 10
(Condie, 2001), A& X # Nb/U=47~84, M Nb/U-
Nb(E 7) FATUEH,LC6 #AE B OIB XK, 1
REEGEEZEA OIB XIRA; MB TR KA S K18
WG4 BT e (Weaver, 1991 ; Woodhead , 1996 ) (38
D RUELOWAHMAELELAS HIMU 3T H
1,Zr/Nb.K/Nb i Zr/Hf iR E HIMU H{E(E
X, HEE S HIMU R iEE & H#EE, SHE
¥ T {8 4 2% % i ; Ba/Th-Rb/Nb #1 Ba/La-Ba/Nb
Ry A B CROAR, 1998) , B3k i B & A ¥ 78 HIMU
U R (B 8. LA b iE 35 5 B A 3ok 35 2 HE LA B R
X AT RE3k A HIMU # OIB Hibg ,

HIMU % c B A & U/Pb EB  ER
fE, EB4M TR EERMIE R E X, W0 St. Helena,
RurutuZ X, AN EZEHF R E N Pb/™Pb. &
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Fig.5 Crust contamination discrimination diagrams of (Th/Ta)py-(La/Ta)pm(a) and
Nb/Y-Th/Y(b) for Liucheng limburgite
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Fig. 6 Discrimination diagrams of partial melting and pyrolite phase for Liucheng limburgite in Fujian Province
£3 Z-REXSNEHEERHENTHILRILEIHE
Table 3 Selected incompatible trace elemental ratios for mantle and crustal reservoirs compares
with the Liucheng limburgite in Fujian Province
HiE Zr/Nb La/Nb | Ba/Nb | Rb/Nb K/Nb Th/Nb Th/La Ba/La | Ba/Th | Nb/U Ba/Rb Zr/Hf
PM 14. 8 0.94 9 0.91 323 0.117 0,125 9.6 77 34 11 36
N-MORB 30 1.07 4,3 0. 36 296 0.07 0.07 4 60 50 11.3 36
i b 5 16.2 2.2 54 4.7 1341 0.44 0.2 25 124
HIMU OIB | 3.2~5.0 [0.66~0.77| 4.9~6.5 }0.35~0.38| 77~179 | 0.078~0.1 |0.107~0,133| 6.8~8.7 | 49~77 50+2 14.54£3.0 | 44%2
EMI OIB | 4.2~11.3 |0.86~1.14|11.4~17.8[0.99~1.17| 213~432 |0.105~0.12 |0.107~0.128(13.2~16,9 103~154 | 41+7 | 15.241.6| 46+2
EM] OIB | 4.5~7.3 [0.89~1.09| 7.3~11.0 | 0.59~0. 85| 248~378 |0.111~0.16 |0.122~0.163(8.3~11.3| 67~84 2542 | 12.942.3 | 49+5
L IE 2,72~2.98[0. 67~0,80 | 4.44~8,02(0.27~0.51| 55~-72 | 0.092~0.1 [0.125~0.139|6.6~10.0| 48~80 | 47~84 |11.6~18.6| 47~50
RS | Q.82 (0.72) (5.76) (0. 39) (61> (0. 096) 0.13) (7.96) (60) (56) (14.9) (50)

i PM. A6 #088 , N-MORB . Sl S H Z R4, HIMU OB & n IS ZRE,EMIOIB: [ HEE#BHE S ZRA.EMI OB 1 M EE
WS ZTRE., BESHN N EHE.BEHEN 6 4. Nb/U.Ba/Rb.Zr/Hf 5] § (Woodhead,1996) ; H: & L H 5| B (Weaver,1931),

Y% Sr/% Sr R A Nd/ " Nd & , HIMU #
EBNITHSN N EERTEVAEEERTRITE
(HFSE), #3122 & 4 Nb 1 Ta, La/Nb i LILE/
Nb.LILE/HFSE.LREE/HFSE % W {8 ¥ 8% , /%

FEE DMM HIEMWEFHFEFHZTRE (N—
MORB) F1JR 46 b 18 , 1X 2645 4E 85 /8 HIMU 45 4y 3k
BF -1 EBoRtENEEK,

A8 BnFEAEBIERTRANAHEEL
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BREE, aAB—RKRBREN YRR EREDS
b, FEE A A B R Z R (R (R, 1999) , 5 B
Ft b 78 ] REHE R K AR v BE SRS B Ok, K B
REBERTHER,EBESR HIMU ¥ 5 308 37
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MR B R ERE , R I L Hg - W 4
EHMASRABD UL EHEEEPHR LR
X BB, TR0 I R AR A 0 T BB T A8 B 3 A
EWBER L TREEE HBEXHR L TR FEM
SR B 43 mk ) BB ) A, R U TR LM S 3
BHENABERR L TR EX, PEKRHE
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R B R AR R A A0 R i 2 AR R R
(Zhou et al. ,2000; 4 # H%,1999)., B AL
K 5 B T K00 B 08 A 9 Xk R 0 AT SR A
BUE, B E AR AN E O B S AN, ZH
AREAEMB AR THRE,HERETLE.
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RBE4AMBEREMBIRKX, BF HIMU f5etE. w9
WP EEMATTRER B H A BB HE X, FERE N
FUHTRERERSBEER ERTEONHEX.
4.3 MBEEX

PSR B B ERE 0 Zr/Y~12, KF 3, KB
BTHRAERERZIONFE P, ERFESIID
WEW. 7E(Th/Ta)y—(Tb/Ta)y B I (Fekkak
et al. ,2001) (& 9) , W0 36K (4 A o 247 ¥ 78 K ek Al P9 3
HS5#SZRA(OIB+CWPAB) M B W,. 7 Y/
15-La/10-Nb/8 = £ B ## L (Cabanis et al. , 1989)
(E10.# S EERNEAEEZTREXE, B
A 3 ) 55 Vi 5 50 P 4O 908 3 B R AU 7 1 A K
MEH RN KR ANARE,

B EEN AR AR KB A WE IR TR
B, B EMERREX . 2 XM EEEE N FE N
REW RN 12. 61+ 1. 25Ma(R i) (38 4), X i
R RLRS, PR EEM X2 RRAIRE, R
PTEABEHPHEAEETRAIAKERS, X 5K
RS E e A B RES. TEAERH
ERKILNE(EBEAZRE) AR KPR EH,
FERE =2 (40~60Ma) , it (14 ~17Ma) I
EFri(5~6Ma) ZANREIME A B R CRIER
£,2002), SR A B RN W B4R
R KEEEE T H%EHY 7% (Ho et al. ,2003),
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Fig. 9 Tectonic discrimination diagrams of (Th/Ta)y-
(Th/Ta)y for Liucheng limburgite in Fujian Province
N-MORB—EH¥#HHFZRE:; EMORB—EHEFH IR
%; BAB—MEZR%E: CFB—KE¥BRZTRA; OlIA—LH
THBEARZTRE; [AB—HEMEXRE; OB—HEZXR
#; CWPAB— KBl IR X R & CAMB—iE 3 KB 1%

TRE

N-MORB—* normal ” MORB; E-MORB—enriched MORB;
BAB—back-arc basin basalts; CFB—continental flood basalts;
OIA-—Mariana- type intra-oceanic arc; IAB—intermediate arc;
OIB—ocean island basalts; CWPAB-—continental within-plate
alkali and transitional basalts; CAMB—continental active

margin basalts

EHEEMY KEBH N 30 ~16Ma(Chung et al.,
1997), B AW KM R K 15~19Ma (Jolivet et
al. ,1994;Uto et al. ,1994), R FH ALK H Ak
RFBIKMNASMERR. FXBHEEBEESS
HEZREFHHARER B KB ERE
Wi s A EARA T - EEEDER RS
KL, AERH

F4 HEBERHELE KArFARER
Table 4 K-Ar age results of Liucheng limburgites in

Fujian Province
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(10~ mol/®)| (%) (Ma)
CL-6 | 1.00 0.219 20.85 [0.0007353]12. 61+ 1. 25
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al. ,2003) , A B F4F (2004) A g L BL 5 2 b 08 A 4
HAREE, HEBHERERREK. Hoetal(200)EXR
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Fig. 10 Tectonic discrimination diagrams of Y/15-
La/10-Nb/8 for Liucheng limburgite in Fujian Province
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1 I —Calc-alkaline basaltes; 1 [[l—Volcanic arc tholeiites; 1
1 —Area of overlap between 1 T and 11I; 2 [ —Continental
Tholeiites; 2 [I *--Back-arc basinbasalts; 3 I —Alkaline basalts
from intra-continental rift; 3] and 3 [ —E-type MORB; 3[V—
N-type MORB
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Geochemical Features of the Cenozoic Alkaline Ultramafic Volcanic Rock in
Fujian and Their Tectonic Significance
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Abstract

The paper studies the chronology and geochemistry of limburgite at Liucheng, Fujian provience, in
order to better understand the Cenozoic mantle nature and the geotectonic setting of Fujian. Limburgite is
a kind of alkaline ultramafic rock, and formed at 12. 6Ma. It is enriched in Mg and Fe, especially LILE and
HFSE, and depleted in alkali elements. Nb and Ta shows positive anomalies. The rock is also strong
enrichment in LREE and relatively depletion in HREE. The all above-mentioned features of trace elements
are similar to those of the ocean island basalt (OIB). The trace elements analysis shows that limburgite is
the product of partially melting of mantle peridotite and diagenesis did not undergo the crustal
contamination. The source mantle shows the HIMU nature. The asthenosphere mantle, the dehydrated
ocean shell and remaining the ancient enrichmental mantle had mixed to form the source. The Liucheng
limburgite formed in the continental rift. Compared with the Cenozoic basalts, it is suggested that the

mantle compositons of southeastern China are characterized by multiple mantle end components.

Key words: Cenozoic; alkaline ultramafic rock; geochemistry; continental rift; HIMU; Fujian



