Geochemistry of peridotite xenoliths from the Sverrefjell Volcano,
JMOPR\ Western Spitsbergen: implications for mantle metasomatism

Exlﬂ?i MI JUNG LEE*!, (mjlee@kopri.re.kr), JONG IK LEEL, TAEHOON KIM!, JEONG-JIN MOON* AND SEUNGHEE HAN?
K¥ea Folat haskarch InsHong IDivision of Polar Earth System Sciences, Korea Polar Research Institute (KOPRI), Incheon 406-840, Korea
ABSTRACT

Mantle xenoliths entrained in the Quaternary Sverrefjell volcano from Spitsbergen have been studied with the aim of understanding the nature of metasomatizing agents which affected the subcontinental
lithospheric mantle beneath Spitsbergen. The suit of mantle xenoliths consists of spinel Iherzolites, spinel harzburgites and websterites. The textures of all three rock types range from protogranular to
porphyroclastic. Concentrations of Al,O,, CaO, TiO, and Na,O decrease gradually from websterites through Iherzolithes to harzburgites. LREE and other incompatible trace elements usually increase from
depleted harzburgite to enriched lherzolites and websterites, indicating that metasomatism affected mainly the Iherzolites and websterites. However, the exceptions are a few clinopyroxene patterns from
harzburgites with mostly enriched LREEs imprinted by metasomatic processes. Clinopyroxenes show highly variable mantle normalized REE patterns but can be classified into four major groups showing: 1) LREE
depleted to flat patterns (La,/Ce, 0.39-1.26; Ce/Yb, 0.29-0.63; Sm,/Yb, 0.75-1.07), 2) spoon-shaped (MREE enriched) REE patterns (La,/Cey 1.26-2.85; Ce/Yb, 1.43-7.74; Sm\/Yb, 1.21-2.80), 3) highly
enriched LREE and fractionated LREE/HREE patterns (La,/Ce, 0.83-1.24; Ce,/Yb, 5.57-24.68; Sm/Yb, 1.30-6.60), and 4) LREE enriched and MREE depleted u-shaped patterns (La,/Cey 1.92-2.02; Ce/Yb, 4.53-
5.29; Sm/Yb, 0.35-0.49). Type 3 clinopyroxenes show trace element signatures produced by reaction of carbonate-rich fluids. Type 4 clinopyroxens are significantly enriched in U, Th, Pb, Zr and show U-shaped
REE patterns, which may have been caused by subduction-related hydrous fluids or melts. The Sr-Nd-Pb isotopic compositions of clinopyroxenes show a gradual variation from depleted MORB (DMM) type 1
clinopyroxnes to very enriched type 2 and 3 clinopyroxenes.

Regional & sample location map

\ Major compositions of clinopyroxenes REE abundance patterns
ﬁ% ¥ LEGEND B -
T 1{ \ B Quaternary volcanics At
% \ % [+ Tertiary volcanics AEN AR S Sun+McDon. 1989-REEs
e ELLESEMERE A E 3
: -lIl 2 W%"‘ - g:ifn:?ﬁk 5 I%INISD 8 : : : : : 73 | | | | | 100 = T T T T T T T T T T T T T 3 [# Typot peridotites
. f SVERREFJELL \ & 3 Glaciers o N AbhO3 8:10) E 71 | Type3 peridotites
\ s [] Delta 7L 4 »nlL il Ii | [¥e Type2 peridotites
\ 1 © Hot Springs %* 00 s E 3 | A Typel Peridotites
" | \ — - Fault é - -
|\ ) ﬁ Stream-sample site 6 * ¥ 1 21F a S =
: o
\\HALVDANF‘IGGEN IS L . 31k =
Il E = \\ 0 5km () Type3 cpx * * & - S
\ p \ st " { 20t - : =
st % Type2 cpx ” * %—* I 1
A Typel cpx @ - — =
4 1 | 1 @ 1 19 | | 1 | 1 g E
0.8 T T T T T T T T I (S N O N (N I (R N I (N S ) I [

enlarged area Ti02 171 NagO

S A2 A
0 o d
J/\Q_Fr\r{_. -..-'-.,"" 0.6 — a %
[ BEN 1.5 Sun+McDon. 1989-REEs

(H 1 4 pl |15} !
L?:. 4) b, 0.5 % | % A&AA i F T T T T T T T T T T T T T T T 3@ ynedcpx
| SPITSBERGEN™, 04} 560 A % A B .
W &2 A~ Y #& |13F 4 i - O Type3 epx
: '\‘r‘._ g ff Fig. 1. Regional location of Svalbard and simplified ) w & M, %ﬂé 1t A " ' = 3 | * Type2cpx
. _ ) B i w 1 |A Typel cpx
= | geological map of NW Spitsbergen. 0-2 L1 * My x § i 1=
S .l o & 1| : 5 °F E
u\:‘; 00 L ! 1 & L 09 1 1 1 1 1 g » =
“0__100km 88 89 90 91 92 93 94 88 89 90 91 92 93 94 > N i
bt b g 'E E
Fig. 4. Variation diagrams of Al,O,, TiO2, CaO and Na,O vs. MgO in ik i
Sverrefiell peridotites clinopyroxenes from Sverrefjell volcano, Western Spitsbergen. E. Ly .3
- ) Ce Nd Sm Gd Er Yb
Ol La Pr Pm Eu Tb o Ho Tm Lu

Fig. 5 REE patterns normalized to chondrite for clinopyroxenes and
peridotites from Sverrefjell volcano, Western Spitsbergen.

] Incompatible trace element compositions of clinopyroxenes

Harzburgite Lherzolite
DD 50 |F|=|||||||||||||||120 T T T T T 1005 | IIIIIIIt I IIIIIIII I T TS
-2 La/Yb 1 | (Ce/Sm)N — LREE enriched ' LREE & MREE enriched -
m 40 10 % - 6l ] . xillilli Sgg)leted ! La/Nd i
4() 40 g ik Typed cpx | | gL = p l —
30§ E} Q Type3 cpx 15l ) 10 —— : i Typed cpx | -
B E *Ty_pcz .l N % = % b ; O Type3 cpx -
. ‘ 20 E i £ el 48tk i u % Type2 cpx -
Olivine Websterite _@ ¥ g - ) B 3 A Typel cpx |
10 10 10 o W Silicate metasomatism 141 %9 £ *# & 3*% 7 1 §_ _ﬁ & % @ —E
_ : e i * i A\ 2 ¢ Wittty G
. t - oy i ey g | e By e n A ® .
Webslerile g g/ \inopyroxenite 0 St | | (Sm/Yb)x o ° I i A i
10 10 400 . J @ @ | L E : 3
Opx Cpx % 5k N — | =
p p % * B : LREE depleted &
. .. . - . 300 F = LREE & MREE | <
Fig. 2. Olivine-orthopyroxene-clinopyroxene diagram (Le Maitre % . ar I " deplsed | o IMRIEET“f;CTeId”‘
: . e o
2002) for the mantle xenoliths from Sverrefjell volcano, Western 2001 % * 13} o 88«8 1 .01 1 1 0 o0
: % :
Spitsbergen. o 21 g SmFr
100} X 1L ™ % g y @mliﬁg 1
.. ; e Fig. 9. La/Nd vs. sm/Er diagram for clinopyroxenes
: p ' ' 000018 8 %0 91 92 9 9% from Syerrefjell volcano, Western Spitsbergen.
Major and trace element compositions of Whole rock peridotites : Ce/Pb ik J ’ PILSDETY
150 -
12 . . . . . 300 . : , , B y
2 - B ¢ :
IS ALOs3 | 5 il 100 .
9 ':lWebsteri\fQS T O :
" \\\ 200 i g 50 & N
6 |- RN 4 4 150 - ® ® E
fp Type4 peridotites O Lherzolites oL 1 1 o i l;ﬁ+ P T N A T B B
PP $ o 10 l 0 5000 10000 15000 20000
3 4 Type3 peridotites 4 .
Y Type2 peridotites %* Hélz_zl‘)‘tirgltes 50 - Ti/Eu
ypel Peridotites ) ; .. ] ] i
liameyreers | A | 4R . Fig. 6. Trace element variation diagrams in clinopyroxenes
’ rk’ e | a0 200 N | | | & from Sverrefjell volcano, Western Spitsbergen.
S D
9 | 4 150 | s /" .
_ 1ol _ Sr-Nd-Pb isotopic compositions of clnopyroxens
6 100 y ’ i i —
Hartzburgites ¢ L R
¢ Lherzolites
3+ 4 4, ¢ - .
b,
Hartzburgite§ ,}
0 I I I tl IETAJ 05136 395
0.8 — T T | | | . L | I | | | | | | | - - oot :?fpeé gpx
D' TiO - DMM ¢ ® Typel Cpx - ] | WL e e
R -2 - 0.5134 El! Pacific Kolbeinsey Previous A Type2 Cpx : | swdy 853252;‘;“31 Cpx
06 i ' WAl MORB : \¢” Ridge study O Transitional Cpx Por | |
i \ i - B \'_‘ ¢ Icelandic Plume ¥ Vein Cpx a Thie  LypeS e
0.4 i Websterites, ¥ i 05132 W S % “European SCLM - o 1| study K Type2eps
\ \ a5 N * ) O TypeB Cpx o 385 F & A\ Typel cpx
- \‘0 \‘1 Lherzolites = B B ' @ . i3 Type2 3l %“"‘ Reykjanes .
. ¥ ¢ & o 0.5130 | by ‘ study ¥ Type2 opx _ = Ridge ™ g/
02 | A Hartzburgites ] 1 Z TN A Typel cpx §rIJ- i _
i 1%3*0 K = FAtlantic (NI ‘ %7 EM2 " 380 s .
0.0 1 | ! A |§% k, :B 0.5128 MORB . X Ak B 5; -/ -
2.0 T | | | T %Z — —_ 375 K yANY. i
~ > B o |
NarO ) : - 0.5126 = HIMU BS —_— - Kolbeinsey
A " e \ - ' _ Ridge |
1'53‘* \\\ 10 ’,’/ /,‘ y OIB Continenta 7 A TR PETEE PR MRS DTt RS N
LWebsterit\es\ i //, | /, _ 05124 — : Crist - 15.30 1535 1540 215.45 2mlf’xSO 15.55 15.60 15.65
10 [ o + | . Websterltff,f " WA Y a Pb/™'Pb
’-I- ;herzohtes 6 ‘@ ; & i 05122 1] | ] 1 N R I L
i F o] [ 70 S L 0.702 0.704 0.706 0.708
A it S A “A ¢ F 1 87Q1,./ 86 : 208p /204 207Pph /204
N 20 % e Harzburgites Sr/ ©Sr Fig. 8. A plot of °Pb/4Y*Pb vs “°"Pb/?°*Pb. Also shown are the
00 . . . N B Harzbyraites . . _ _ o _ o fields of oceanic basalts in the vicinity of Spitsbergen (Kempton
' Fig. 7. Sr-Nd isot tion d f dotites f y 0 oP v P
20 25 30 35 40 45 50 0 5 10 15 20 25 1. /. oI ISOTOpeE variation diagram 10r periaotites 1rom et al., 2000), and plotted the data from lonov et al (2002).
O & : : P
Mg Sverrefjell volcano, Western Spitsbergen. Data from lonov et al
2002 are also plotted. The fields of oceanic basalts and model
and selected trace elements vs. Ce in peridotites from Sverrefjell and of European lithospheric mantle (SCLM) (Downes, 2001) are
volcano, Western Spitsbergen. The peridotites are subdivided into 4 shown. A and B are two distinct DMM fields as defined by Zindler

types based on their REE and trace element abundant patterns. & Hart (1986).



mailto:mjlee@kopri.re.kr

	Geochemistry of peridotite xenoliths from the Sverrefjell Volcano,  Western Spitsbergen: implications for mantle metasomatism

