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ABSTRACT

Mantle xenoliths derived from the upper mantle provide key constraints on deformation conditions, evolutionary history, and heterogeneity
of the mantle through their deformation microstructures and geochemical analysis. Spinel lherzolite xenoliths from the Boeun area
were examined to investigate the deformation microstructures of olivine and their geochemical characteristics. The foliation and lineation of the
samples were constrained by the typical lattice-preferred orientations (LPOs) of clinopyroxene and orthopyroxene. Electron backscatter
diffraction (EBSD) analyses show that olivine in some samples exhibits an AG-type LPO, characterized by the [010] axis subnormal
to foliation and the [100] and [001] axes forming a girdle within the foliation plane, whereas others display an A-type LPO with the
[100] axis subparallel to lineation and the [010] axis subnormal to foliation. EPMA major-element analyses indicate that the samples
are residual mantle peridotites formed within the spinel lherzolite stability field. Smooth boundaries between adjacent minerals, the
presence of triple junctions, the absence of mineral reaction rims, and homogeneous mineral compositions suggest that the minerals in
the Boeun xenoliths reached equilibrium prior to magma eruption. The AG-type olivine LPO observed in the Boeun spinel lherzolites
suggests that upper-mantle material with MORB-like affinities experienced low-stress deformation associated with plate motion,
during which (010)[100] and (010)[001] slip systems in olivine were possibly activated to produce the observed fabric.
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Fig. 1. (a) Simplified tectonic map of the Korean Peninsula showing the location of the study area at Boeun in South Korea. (b)
Geological map showing Miocene alkali basalt (Jogok peridotite) in the northeastern Okcheon Metamorphic Belt, South Korea (modified
after Kim et al., 1977). (c) Mantle xenolith hand samples from Boeun. IB (Imjingang Belt), GM (Gyeonggi Massif), TB (Taebaeksan Basin),
OB (Okcheon Metamorphic Belt), and YM (Yeongnam Massif).
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W ZR}A 5418k (lattice-preferred orientations, LPOs)S 74
Gx oz Z4shirh EBSD 2Aj] AbgE BARAS
7+ 9 (acceleration voltage) 20 kV, 22 22 (probe
current) 16 nA, Z-57] 2] (working distance) 25 mm, =&
Al7Hexposure time) 8-10 mso|t}. A& ZHE&E 70° L2
710 7]5% W=(Kikuchi band)E EE351a1 P&
FaE Sk EAA P (step size)= 10 pm, H3
(overlap) M 9= 10%E AAsto] AH2lskort. Al=2] 4
g 9 AR W Addor HYHE FAolA A
HEA 0 2 et TARS| Al 9 AR A o] A A Ql A
A aeke] Wi 545 o]-8sto] AYsilrt. A1 4
o2 HPE P APEFA Y] A [100] Fo] e
Holl =A8FaL [001] S0 Adtzol Byt Fe, A
A19] 7§ [010] o] Hefdol 428kt [001] o] A
Txo 3R FE7E 7 dHbA ol o]of wek A=
B3y APYRA 9 [001] 3 ThARRA] Q] [001] =o] A
25 Ao 5= Q== 7 Al=o]| tis EBSDE 253t
A A4 e Arel w43t A BAYS AEsto] A=
d 7E FHARAE A AR TEFY viE A
= (fabric strength)E AXF}7] $3f| J-index (Bunge, 1982),
Me-index (Skemer et al., 2005), AP SHSF - Alof|A]
O] o (symmetryyS J=F2}gt =2 Q1 BA-index (Mainprice
et al,, 2015)= AAL19 o, o] 23 oA MATLAB® 37
oAl F-5-%= MTEX 5.11.2 3 =(Bachmann et al., 2010)&
ARE-SEITE YRbA o 2 EBSD &4 AitE sfiAsh= 2t
AollA, A4 A& 271 F27F wil- EATE A=A
= ARtel #4 A3} Hheshl s A A
QI gt Ad YAE 2t TlolE EZRIER F 5 (one-point-
per-grain)ol= 71| v2]81chH(Prior et al., 2009; Halfpenny,
2010; Park and Jung, 2020). ¥tH, A4 AR} 7H=7) v
WA Aa A% Z7|7F - & AtolA, A 2717
2 IEE "lojg=o] AA HolHE s d&
Aas3l7] 9o A4 YA Y BE dlolg ZUES
13 (all-point-per-grain)sto] =3 =5 =A|3F3 tH(Halfpenny,
2010).

A= o FEe) sty Fele 24 BARYYEL
FEATALT) AR AANAL AR LA 7] GEOL,
JXA-8530F Plus)2 0]4-5}0] 24519it}. EPMA E40]
AV A 2L ] 7] (beam size) S pm, 7H5 G 15 KV,
X2 H ZE 10 nA, 3 A AR ZHpeak counting time)i}
ul} 7 Al AkA] ZH(background counting time)S Z}Z; 2022}
1027} 8= ith. EPMA 4] A3-E 285 Brey
and Kohler (1990)2} Wells (1977)2] oF3] 4 XA (Two-
pyroxene geothermometer)?} Witt-Eickschen and Seck (1991)2]

- o

Ed

AR - el

APERIA ] Caot Ale] S3eE o83t A2AIE ARES]
A&o] B Altsto] vlusiltt. A2 ks 2
A HP=Efo]Eof o] & e AdAl= ¢
AlgH o] (Lee, 1996), 1= =737} 374 2] 2Adol F7
Ve Lkl dHA Ao mEbd BEeE Akt
AREEE A HE =R E ) M A P e
Q1 12-20 kbar H] HlollA, Fd# o2 Wo] 7Hgs=
el 15 kbarz 7pgstal Albshltt.

4.1. 22 HE m3|Qto| kM 7|xY
2 WE 2o gy ARl 2 om AV|E 2
g HAA HeEEo|Eolt) Alms thEES FHo]
HAE]R] oFar Ak, A A<l H2mEto]Eo] 24
I 1Y ARz B o] HAA HEEEo|Ex
QAsA10] 7k olivine), SFZAS] APFIA, QhAle)
AR AT} aEke] BT (opaque)dt HAH A 0 & o] Fo]
A QUth(Fig. 2).
S5 B E H]L-8 7R 30.99-43.47%, APY3]A 12.13—
21.35%, TAIS]A 11.08-13.72%%, TUGS(International Union
of Geological Sciences) E-FHof Q3] WH&= AP A

7
%,

f
[
)

. 05
o

Fig. 2. Optical photomicrographs of thin sections in cross-polarized
light of Boeun mantle xenoliths. (a, ¢, f) JCX-01, (b) JCX-02, (d)
JCX-04, (e) JCX-05. Subgrain boundaries and triple junctions are
identified by red and white arrows, respectively. Ol (olivine), Opx
(orthopyroxene), Cpx (clinopyroxene) and Sp (spinel).



© H3H deleto]=

hm

sjore] uplTze} Qafate 54

495

Table 1. Modal composition and lithology for studied peridotite xenoliths from Boeun

Modal composition (%)

Sample Rock type Texture
Ol Opx Cpx Sp
JCX-01 36.52 14.74 13.71 0.03 lherzolite porphyroclastic
JCX-02 36.39 15.88 13.72 0.20 lherzolite porphyroclastic
JCX-04 30.99 20.83 12.08 0.06 lherzolite porphyroclastic
JCX-05 38.90 12.13 12.48 0.07 lherzolite porphyroclastic
Ol (olivine), Opx (orthopyroxene), Cpx (clinopyroxene), Sp (spinel).
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Fig. 3. Modal composition of spinel lherzolites from Boeun. Ol (olivine), Opx (orthopyroxene), Cpx (clinopyroxene).
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Olivine
[100] [010] [001]

JCX-01
A-type

n=1142967 J=3.65 M=0.10

JCX-04
A-type

n=674955 J=7.76 M=0.16

JCX-02
AG-type

n=1135229 J=6.73 M=0.16

JCX-05
AG-type

n=1399554 J=5.58 M=0.14

Fig. 4. Pole figures illustrating the LPOs of olivine. All-point-per-grain data were used in constructing the pole figures. The foliation and
lineation directions of the samples were determined using the characteristic LPO features of clinopyroxene and orthopyroxene, which are
commonly observed in naturally deformed rocks. The white line and red dot represent foliation and lineation, respectively. The color-coding
indicates the density of data points. Equal-area and lower-hemisphere projection methods were employed with a half-scattering width

of 30°. n=number of measured points, J=J-index, M=M-index.

= Holg EAS AU leEg, 44
Atz WeF A4 FostA wEd o Qloh
, 270 Al R (CX-01, ICX-04)o)| A= A=A 9] [100] =
of A+tzol obg3staL, [010] o] Fe|Hol of2|s}
B G == sl o] ¥HEE| ¢l (Fig. 4), o)1= (010)[100]
£ A2go] AMES Atype AAMEHTFOR HHA
Elth(Jung and Karato, 2001). Z} A]|&.2] J-index?} M-index
= bAoA 3.65-7.761} 0.10-0.16, AFLS] Ao A 5.47-
12,099} 0.03-0.05, THAFS] Aol 4 14.72-21.563} 0.11-0.18
2 Al o) BE PHeA AMHoR BaEE
9] Woll Al A= Aek(Fig. 4). A=A o] AR S =
H= AolA el ti (symmetry)yS AFoet =2]Ql BA-
index= 0.22-0.479] HL|=Z AXLE QTh(Fig. 5).
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Axial-[010], Orthorhombic, Axial-[100],
AG-type A-type D-type
[100] [010]  [001] [100] [010] [001] [100] [010] [001]
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6 —
P [ |
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0 I I I I |
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BA-index

Fig. 5. Olivine LPO symmetry (BA-index) versus LPO strength (J-index) for all samples. JCX-01 (BA=0.36), JCX-02 (BA=0.30),

JCX-04 (BA=0.47), JCX-05 (BA=0.25).
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EPMA 24| 2712 Sgajo] me 2o s weoh
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Table 2. Compositions of minerals of a studied peridotite xenolith from Boeun.
Sample JCX-02
Mineral ol - qpx C.px Sp
core rim core rim nb core rim nb
SiO, 41.30 41.00 55.23 55.79 55.41 51.82 52.10 52.12 0.02
TiO, 0.01 - 0.12 0.13 0.11 0.62 0.55 0.59 0.14
AlLO; 0.03 - 4.81 4.18 437 6.95 6.29 6.49 58.56
Cr,0; 0.01 - 0.41 0.27 0.34 0.76 0.67 0.72 9.32
FeO* 9.90 9.94 6.29 6.23 6.47 2.65 277 2.55 10.19
MnO 0.16 0.15 0.14 0.19 0.14 0.12 0.10 0.06 0.09
MgO 48.11 48.15 32.14 32.14 3227 14.46 14.76 14.48 20.34
CaO 0.03 0.04 0.68 0.56 0.53 20.48 20.71 20.72 -
Na,O 0.02 - 0.09 0.09 0.07 1.78 1.68 1.63 0.03
K,0 0.01 - 0.01 0.01 - 0.02 - 0.01 -
Total 99.58 99.28 99.91 99.60 99.70 99.65 99.61 99.37 98.68
Si 1.014 1.011 1.908 1.930 1.918 1.881 1.893 1.895 0.001
Ti - - 0.003 0.003 0.003 0.017 0.015 0.016 0.003
Al 0.001 - 0.196 0.171 0.178 0.297 0.269 0.278 1.795
Cr - - 0.011 0.007 0.009 0.022 0.019 0.021 0.192
Fe 0.203 0.205 0.182 0.180 0.187 0.081 0.084 0.078 0.222
Mn 0.003 0.003 0.004 0.006 0.004 0.004 0.003 0.002 0.002
Mg 1.762 1.770 1.654 1.657 1.665 0.783 0.799 0.785 0.789
Ca 0.001 0.001 0.025 0.021 0.020 0.796 0.806 0.807 -
Na 0.001 - 0.006 0.006 0.005 0.125 0.118 0.115 0.001
K - - - 0.001 - 0.001 - - -
Sum 2.986 2.989 3.989 3.981 3.989 4.006 4.007 3.997 3.004
Mgt 89.6 89.6 90.1 90.2 89.9 90.7 90.5 91.0 78.1
Cr# 5.4 42 49 6.8 6.7 7.0 9.6

A selection of the analysis results is presented here. Total Fe as FeO*; Mg# = 100Mg/(Mg + Fe); Cr# = 100Ct/(Cr + Al); Ol (olivine),
Opx (orthopyroxene), Cpx (clinopyroxene), Sp (spinel) and nb (neoblast).

Brey and Kohler (1990), Wells (1977), Witt-Eickschen
and Seck (1991)7} A|QHst HEP 2= Aibalof o) A4t
H Hyg = ZkzF 879-1020C, 888-1009C, 910-1070
TERAPHS] £16T)0|th A= Z12+e] 74 2= (blocking
temperature)7} Z2THal 73S ] ©] = Brey and Kohler
(1990)2] A4kAJo] of5t A7) 71 gelHolet 2 4
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Table 3. Temperatures estimated using the geothermometers for
spinel lherzolite xenoliths from Boeun.

JCX-01  JCX-02  JCX-04  JCX-05
T (C) 1020 879 914 941
Tw () 989 897 906 936
Tws (C) 1051 980 955 987

Tex (Brey and Kohler, 1990), Ty, (Wells, 1977), Tys Ca-Al-in-opx
(Witt-Eickschen and Seck, 1991) geothermometers. 15 kbar has
been used as an input pressure for the temperature estimation. Average
values of the calculated results are presented here.

et al., 1973; Tommasi et al., 2000; Jung, 2017). 7153441 2] AG-
type 24l EHrRFS] e 212 o) welel) groit, 4
o]%= (010)[100] 2 (010)[001] & A|AHI0] FA|o g
At Apso] 2T, ofelet wire) el et 7R
(1) (010)[100] T & A& o] ofgt Bte] M (Tommasi
et al,, 1999), 2) HE 3ZA(melt pocket)ol|] &3t SAL-4=&

32 32 (diffusion-accommodated creep)?] F&F=l = &
ZHekA] Aek Wg A1) 3= A 0] 112]7 (grain boundary
sliding) 2F*¥(Holtzman et al., 2003a; Holtzman et al., 2003b),
(3) &85 Fol sl WAyt &5 Aol o
%) (annealing) ¥ A2 Y ZAA 3} Z-B(static recrystallization)
7} 72 W35S 5 8Kstrain partitioning) (Liu et al,, 2019), (4)
782 w1} FA0lAL] (010)100] D (010)001] L3
9] &X3HTommasi et al., 2000; Mainprice et al., 2005),
(5) 54 2474 3Hdynamic recrystallization)o] 2]t o}2Ix} 3]
7l (subgrain boundary rotation) (Tommasi et al., 2000), (6)
0.1-1 MPa®| #-3-9 2H4 5}°] S4sllE 7 (mid-ocean
ridge basalt; MORB) 5742 A|\d W& #|2|=Elo|E7},
ol5oll &8l ~FZ(passive)?] o5& A H = AdHellA
(010)[100] % (010)[001] &7 o] FAlo HWAsI= -
(Hirth and Kohlstedt, 2004; Harigane et al., 2011; Wang
et al, 2016). (7) &A19] Atype AR TS F Aot
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