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Characteristics of melt-rock reaction in Shuangliao peridotite
xenoliths and their implications to mantle metasomatism
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Abstract: A harzburgite xenolith sample from Paleogene basalts in Shuangliao area of Jilin Province records the
information of upper mantle metasomatism. Primary orthopyroxenes are surrounded by secondary clinopyroxenes
and olivines, forming reaction texture or existing as residues in secondary clinopyroxenes. These phenomena ap-
pear around spinel only. Electronic probe analyses reveal that secondary clinopyroxenes are characterized by high
Mg#, Cr* and CaO/ALO;, secondary olivines by high Mg#, CaO and Cr,O; content, and the metasomatized
rim of spinels by high Cr* and CaO. As metasomatism had no influence on Mg in peridotite, and the melt-rock
reaction proceeded in order of Opx + Sp+melt ( I )>Cpx+ Ol+melt (Il ), the authors consider that the litho-
spheric mantle in Shuangliao area was metasomatized by carbonate melt or silicate melt rich in carbonate. This
conclusion is based on experiments and literature. The metasomatism resulted in decreasing content of orthopy-

roxene, increasing contents of clinopyroxene and olivine in peridotite, and the transformation from harzburgites
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to wehrlites. This metasomatism may occur in the melt-rock reaction zone located in the asthenosphere-litho-

sphere boundary, suggesting that the asthenosphere-lithosphere interaction resulting from lithosphere thinning

and asthenosphere upwelling remained active in Shuangliao area in Early Tertiary.

Key words: peridotite xenoliths; mantle metasomatism; reaction texture; Shuangliao area; Jilin Province
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Fig. 1 Simplified geological map of Shuangliac area
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Fig. 2 Mineral assemblage and texture in sample BLS-2
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a—primary mineral assemblage and texture (plane polarized); b—secondary minerals surrounding spinels (plane polarized) ; c—secondary olivine

and secondary type 1 clinopyroxene with vermiform glass inside(BSE); d—zoned secondary olivine and clinopyroxene surrounding primary or-

thopyroxene {note sieve textured rim of spinel) (BSE); e—reaction texture of orthopyroxene inclusion(BSE); f—secondary olivine and clinopyrox-
ene surrounding spinel, black arrow shows the path of EPMA analysis(BSE)
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Table 1 Major element composition of whole rock and minerals of sample BLS-2
oA TR
Ol Opx Cpx Sp
SiO, 42.60 SiO, 41.04 56.13 53.27 0.04
TiO, 0.01 TiO, 0.02 0.03 0.10 0.15
ALO; 0.81 ALO, 0.03 1.93 3.58 27.53
Cr,04 0.49 Cr,04 0.04 0.56 1.59 41.65
Fe,Os 9.18 FeO 8.71 5.34 2.27 14.05
MnO 0.12 MnO 0.10 0.14 0.08 0.27
NiO 0.18 NiO 0.14 0.10 0.05 0.19
MgO 46.44 MgO 49.98 35.37 16.03 16.46
Ca0 0.65 Ca0 0.04 0.67 20.01 0.00
Na,O - NayO 0.01 0.13 1.76 0.02
Total 100.08 =8y 100.08 100.39 98.74 100.36
Pk g 0.26 Ts R 82.9 13.1 2.6 1.2
Mg* 91.46 Mg 91.17 92.27 92.71 67.83

Mg® =Mg/(Mg+ 2 Fe) x 100, Fd,

FUETIY ALO;. TiO, S ERE Mg¥ 3% KTiZE /I,
EA LB R SR BREE X, Mg &,
TiO, & 88/ EE 5 2 T A R R K
FE i BLS-2 548 X0 H XA A B4 R A TE Bl i e
Mg —3 (8 3a), I B2 T B E R E a5
B, SHETEERAENEARREY A&, A, #
Mg*~ Na,O B f# (|8 3b) &, B A4 H AL 4
NayO & E 0 BARE (1.76% ) T 7% 16 55 4315 fil fea 3
bho BEHPAHELTESENAS, TREUHIH S
2 JJi it — W1 Bt 38 AR AE I (Frey and Prinz, 1978),
EATEENE, EEEELT, Ti fl Na 2HED
FPHIRHAITE , N ZEA HFE RS B AE
fE BLS-2 ¥R Ti fF A A R, T Na 7]
RER LT Mg s2 RAE A RIFRIE . BAHE A B Na-Ti

(43 5] RERG /R 7 S Bt st 2 AL A B S kR
YA % (Tonov et al ., 1993), AR#E Brey #1 Kohler
B AR BT R PR LY 979C , LK
b XL A o — LR L A TR B (fE
BEREREH) o
3.2 R MULFERSTHE

AR RO A 5 R A BRI A 1S 2
NHAEER (R 2), FERIERE ALO; Nay,O F
BT F%, CaO/ALO; tL1H. Mg fl Cr* BE TH &,
TiO, & BARFEAZE , BRI TEHIBIR , IR XL
M XA R AR T 2 60 (1 3) . I SMETR
HEENRFEARAEODP No,OFEEE, £
#HEL Y Wo - En - Fs M =Im A 4 B g (B
), RAERRBEANTHBEEET K, BHT
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Table 2 Comparison between mineral compositions of two types of secondary clinopyroxenes and
average compositions of primary clinopyroxenes
1% Cpx I & Cpx Ji4E Cpx
1 2 3 4 5 6 7 8 9 10 11
Sio, 53.44 53.50 53.62 54.55 54.22 53.86 53.99 55.10 55.45 54.82 53.27
TiO, 0.14 0.17 0.50 0.10 0.06 0.17 0.17 0.03 0.08 0.14 0.10
AL O, 1.56 1.88 2.53 1.77 2.15 0.86 1.21 0.52 0.76 0.62 3.58
Cr,O; 1.82 2.08 1.36 1.42 1.58 1.74 0.76 0.90 1.03 0.77 1.59
FeO 2.21 2.25 2.23 2.2 2.30 2.99 3.24 2.75 2.66 3.04 2.27
MnO 0.13 0.10 0.05 0.10 0.11 0.15 0.11 0.10 0.07 0.11 0.08
NiO 0.01 0.08 0.05 0.05 - 0.04 0.05 0.06 0.05 0.10 0.05
MgO 17.62 17.59 17.59 18.07 17.55 19.29 21.53 19.51 19.32 20.29 16.03
CaO 21.52 21.83 20.51 21.13 21.24 19.12 17.53 20.44 20.26 19.26 20.01
Na,O 0.82 0.81 0.71 0.81 0.87 0.82 0.48 0.51 0.65 0.60 1.76
Total 99.28 100.28 99.13 100.20 100.08 99.03 99.06 99.92 100.32 99.73 98.74
Mg* 93.50 93.38 93.43 93.65 93.22 92.07 92.29 92.74 92.89 92.33 92.71
CaO/7ALO, 13.80 11.64 8.12 11.93 9.87 22.26 14.50 39.16 26.73 31.07 5.58
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Fig. 3 Componential comparison between secondary and primary clinopyroxenes in the sample BLS-2
a~e—BAHET ' ALO; Na,0.CaO/ ALO; TiO, (Cr 55 Mg¥ RUAASLEIM , IR K DL H X 16 A 248 5 AR G 1Y
BRAENTEE (ER R KRB, TR (—HFHEA M MRS RE M, AR A S HAE Wo A En BN 51 2 8]
a~e—plots of ALQj, Na,0, CaO/AL O3, TiO;, Cr* against Mg* for clinopyroxene from sample BLS-2, the shaded fields represent the composi-
tional range of clinopyroxene for 16 peridotite xenoliths from Shuangliao (unpublished data, the same below) ; f—Wo ~ En — Fs triangle plot for

clinopyroxene, secondary clinopyroxene shows a wide composition range between Wo and En

XL B A (Y6 L, T H 348 R Wo il En B~ 58
JoZ E ARk, B H RS EEF Ca. Mg B,
Cpx I B4 X —, Cpx I B4k 22 B 43 AR A 2
—, T HFE BB AR KR (F2),Cox I H
Na,0.ALO; & & Hl Mg* It Cpx I E &, CaO/ALO;
FLEEAK,

R A A AR L, AR B G i Mg B R %
Ak HE Al Cr.Ca BLTERIER KGR 3), 32

CaOZE(0.54% ~1.47% )ik THEAMM A CaO
HE(0.04%); T AN & # CaO FEH B R D
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Table 3 Comparison between mineral compositions of secondary olivines and average composition of primary olivines
w4 Ol F4 Ol
1 2 3 4 5 6 7 8 9 10
SiO; 40.30 40.79 41.08 41.79 41.22 41.00 40.93 41.75 40.67 41.04
TiO, - - 0.01 0.02 0.02 0.02 - - 0.05 0.02
AlLO, 0.83 - 0.19 0.17 0.01 0.01 0.01 - 0.10 0.03
Cr,O5 0.92 0.28 0.20 0.08 0.25 0.10 0.16 0.69 1.20 0.04
FeO 8.37 8.71 8.88 8.46 8.50 8.63 8.59 9.00 8.86 8.71
MnO 0.16 0.13 0.10 0.15 0.13 0.11 0.15 0.15 0.17 0.1
NiO 0.13 0.10 0.13 0.46 0.12 0.12 0.13 0.10 0.12 0.14
MgO 51.82 49.30 48.88 48.35 49.70 49.45 49.05 50.30 48.70 49.98
CaO 1.47 0.54 0.66 1.05 0.59 0.75 0.68 0.57 0.67 0.04
Na,O - - - 0.05 - - - - - 0.01
Total 103.99 99.84 100.13 100.55 100.55 100.20 99.69 102.56 100. 54 100.08
Mg* 91.77 91.06 90.83 91.14 91.32 91.16 91.13 90.96 90.82 91.17
1.2 ) RER, S5 B R84 B 19 5F, MgO.
0O ¢ e e 2
A i FeO.ALO; & B BE KK, CO SR BETH (B
7)o REAMEIEI A%, CaO.Cr* Fl Mg* B#i Ft
5 08 5 YA TE SR AR WA BRI 9 — U CaO &
S o6 B, LB N & EREE. XEfrayiigy
2 s o . N
MRS LA EE SRS ERR, BRENZEF
04 FEEYR e, HBERNE Mg* EXRT Y
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Fig. 4 Chemical componential comparison between AR AVE R,

secondary olivines and primary ones for sample BLS-2 ﬁ@ﬁ{ﬁﬁﬁﬁﬁﬁ&ﬁ@ﬁ%ﬁi\ H,0-C0,
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Fig. 5 Compositional comparison between core and rim of spinels in BLS-2
* 4 BLS2 HADHEBEHS wp/ %
Table 4 Composition of glass in sample BLS-2
1 2 3 4 5 6 7
Si0, 63.27 65.59 62.31 62.91 64.24 64.29 65.5
TiO, 0.15 0.18 0.04 0.21 0.21 0.16 0.18
ALO, 19.91 17.98 19.55 19.55 19.51 19.02 19.97
Cr,05 - 0.17 - - 0.05 0.43 0.05
FeO 0.73 0.50 0.83 0.73 0.90 0.45 0.75
P05 0.07 - 0.09 0.12 - - -
MnO - - - - - 0.01 0.02
NiO - 0.01 - - 0.03 - 0.04
MgO 0.25 0.95 0.28 0.24 0.88 0.35 0.31
Ca0 0.22 0.14 0.36 0.19 0.36 0.16 0.24
Na,O 3.58 1.41 3.07 3.29 1.23 1.44 1.49
K0 8.53 4.24 8.17 7.81 4.18 4.10 3.72
Total 96.70 91.16 94.69 95.05 91.57 90.4 92.26
Mg* 38.11 77.41 37.39 37.53 63.82 58.18 42.41
14
nt ®
x 10
5 s} g
¥
g ¢ ﬁﬁﬁﬁ’mi‘
)
S 4 B pma R
2
0 P i L
0 5 10 15 20
w(CaO+Na,0)/%

B 6 BLS2 &S Ekiu B

Fig. 6 Compositional characteristics of glasses in BLS-2
AEARACK A TEE D] A Dautria % (1991) .Neumann Fl Wulff-Pedersen (1997) .Coltorti % (2000)

different types of metasomatism defined after Dautria et al. (1991), Neumann and Wulff-Pedersen (1997) and Coltorti et al. (2000)
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Fig. 7 Compositional profile across the reaction zone

surrounding spinel( EPMA analysis are along the way
shown in Fig. 2f)

Ca BT RFAE, H BT G H,O-CO, R R BURAE
BT PO A RO B URIRE, BT BLS2
FEa PR R B AR ALO; & B REMK, 13
A RIE KT W, B H,0-CO, L UAEM

AEMT BLS2 B, A LR 3SR A 5 5 Al
AR RO R B A TR R AR, T HHe X At
— B,

(1) R AEAE b 08 A Bk % £ 38 A BIE S8 & — F
L A AER) R A 853 72 (Green er al ., 1988;
Yaxley et al., 1991; Dautria ez al., 1991; Hauri ez
al., 1993; Ionov et al., 1996), Dalton Z£(1993)
SEEHEAL T MR IR R AR T R S R R, R B
R EL SR B AU S E0 WA ik 22 L5y
FEREAEARK A ET WA, EREE A
WA BITH S AR DA MO (0 A2 A, b8 — PRl
Wioe B AL 1 B S F 5 RIS (Green
et al . ,1988) TEALZ R J7 I, BAE A B &
Ca.Mg, 24 A A RE K CaO/ALO; il NayO/ALO;
Hf, H&EBM L (LREE)MAE FRATTE LILE
(Yaxley et al.,1991), Yaxley % (1991) A M Bk ER
HARAET= AR 2% Mg BB E5k, B
RAME B A F LM Me* , BT
WA EELE Mg® (87.2~91.4) AN RIEH K
LTS . Tonov %(1996) & BUBKMR RSSO HLE #
BME ik, B ANEA & & ALLCr.Ti, 2 Rudnick
%(1993)F1 Hauri 55(1993) W & BLak R 5 32 A0 BLH
(I AR AT Mg® AR ALOs & B MR, JF
AR BRI A S A B 7 WA Bk BR ER AR 14 S L 1Y
8 R R : CaMg(CO0;): (B Z&E) + 4MgSiO;
(F 5 #E A ) > CaMgSiOg (B RHE A ) + 2Mg, SO,
(HA ) + 2CO, (WlE) o HRNLFEREE B 07 A
RIHK , BRAT WA G B RDEA A kR E:
Ktk . XAMASONEDN KT WHAESHR., 5
¥ T, BRAR AR (4 S AR 5 M A I B T 2B
2e T RN S5 M, LAFR AR AL T HEA R0, 4
THBORT A B8 RH A A3 G 4R & A B Bl (Hauri ez
al.,1993) B TCIB 55k 2 i BR AL AR #F B
AR SRR AR AR A,
HREFET Cox I FHEBEAHHBRAL TE
BE B B R, T B R R IR A SRR L S AUHFHE
B A0 ST, R AR e 2 3SR B ik
RREBEA X,

(2)EERRER A R R s Bl AC AU R LA T 7
% # X & B (Wulff-Pedersen et al., 1996;
Klugel, 1998; Chff et al.,2006). XF# 2N o] &
AEARRBEF EZXR AW Z, KB X
U5 1 2 T 14 -5 L 8 O 5 /9 BUE , P RE R AR
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Table 5 Main characteristics of different types of mantle metasomatism
ZRER BRI ELIB R HERREIE RN H,0-C0, #ifs3e 1,
KAEBMA Fo s H FH,H CaO BT Fo BRI, & CaO BAARHIB A S Ca Al H Mo/
Fe, B8HEAK Ti Al Fe.Mn
SRTIEE e g Mg VLR Me® W TR Na Al TERE AT B E B BN A B
FEAR A BiRAE
BEEKE CaNa, B KK Ti.SIO, Al BIEMRE Na K, S0, 5 -
B TiO, /ALO; HAH
T B A A E % LILE\.P M LREE, 5 HAMOEERAMAETLE, Ti¥ £ 4%%E LILE.LREE fl HFSE
TERE #1 HFSE R EH TR
RREH BHEER BEHRAR BEHZR
Bhi i e #54% + Opx= Cpx+ Ol = Sp #4K + Opx=Cpx = Ol Wifk + Py+Sp=Am=+ Mi+ Ap
Py B CaNa 10555, AR AR Ry BERERARETRERNSH X
= SHCE S 5 A 2 s 2
Green et al., 1988; Yaxley et al., Wulff-Pedersen et al., 1996; Xu e¢ O’Reilly ez al., 1988; Smith, 1994
%Lk 1991; Rudnick et al.,1993;Ionov et 4/., 1996; Neumann et al., 1997;

al., 1996

Cliff et al ., 1999

Py Am,Mi,Ap M RIRFER FING Z 8 BERT

EAEESFFLRAEZBMPRN. CLff 2 (1999)
BT oS &40 T X RS SR E T EA
B IR , R B H A 5 MRS A e A 0 Y
X3 (reaction zone) £k B A1 . BR AHE A FI & REXE
D P sr b, B TR Fe . TiCa HF X R
A 43 i ABIRAE B, A5 7 A AN R R AR
WEAR) Mg® BB 1K, Ti.Ca S BB H A H. BAWH
TR A MR 2138 Mg¥ (ALO; Z BiFEK. {HiT
B AR RN A N, BAMGRE A
BHIE Si K Ca Ti.Fe FLRFEHSY, ¥E 5/ HF
WA SN AR AR BB AT Mg ™ IR AR T, B A Y
Fo W& B BA84L, & Si K. Na 45 33
B R R SRR T ASIRER MR
(Cliff et al. ,2006),

By B3R AT L, BLS 2 £ S R R E5
WHER Y Me® TR KA, DRI BRE Si
K Na 20 73 () FR1E 3 0L T REBRER A AR A 45 o, fHIX
FEERIIB R AR LIRS, M RERA LR
FRAS PR AL T R ) BEBR SR A, BARFRATT I 4R
B AR E R EMW RE, R h THEX
RESHH AR xR SEARER M, R A
LA B 1) BN 254, BRI b B A R X R 38 (RO &
AEMBHEE,RATBREKGESEEASABRK
AMAETUE R 5 RN B ROREE B, bSh, SR
MAEARAEREEN Na, E T E S BEE YT
X E Na BAERE R T 5 — R WL,
R HASSAR, K A B 18] A B 3 AR A T 1 e o AR 47 B

A WAL ARAEAI o
5 HRAEX

X S R B HN B RS
BLS-2 H1 82 B ) B R WX BL, B35 A D XU #th X
26 A B 08 32 B T REER LA IR Y A2 A, SRR BT
FATBE A : Opx + Sp + melt—Cpx + Ol + glass, X
TRAEAK IS RAERAS 5 RIS R ER
A ERIEE R R, BB ) BN S5/ R0 4
RIS , LA B B 3 i i A e AR U B T S AU B &
A I TR IR B BT 2 R IR 2 B Y
IHEI Y SRR AU AT DURE B WM R AR AR AL, BB A2
BRI AWHEAT , BT A B s> R R B
RV A7 RIS A B T 1 L DA DSk H) 7 MR & i
TGRS, NTEa a2 ENT#H. 5,
XREERELB AR TR R R E S B A SO B K
/METUR R S B A RO Y, EE W
1L X BLS-2 # & 7] BE 5 Ve pg 7 Ve 5 — e, 1
3k B TR A B &M ERE-E RN X (Xu
etal., 2003),7% EE = THIEL KR A XU
Bid AR 7 o w40 B (272 850~ 1 100C 38
I, R R R BE) , W™ T 48 ML KA H i HoAt
b DX 4R 1) -7 1 A X B8R (2 7E 700 ~ 900°C FE
B, X Rl e P TR B AR P RES /R T eI
SERIL S IX. 08 F) e 1 6 B8 AR X B T, 1B AR T
“PURPRES . XA T A A B R L
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TR BB A B A I R e 4k 8, T
BLS2 FE ik PTBEIE R T X —id# . WA, BR T BLS2
FEGR AL, FARE AR B BB 3L AR RS54, X AT
BB DN D HAAF i R TERE 5 RNE X, WA R B0
R B R

Bt EFBEIAPEHT AT RG
AW IR F Y-SR L, M,
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