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Abstract: Fe-Ti oxide minerals can be locally aggregated or enriched in the quarizofeldspathic gneisses from the
Larsemann Hills, East Antarctica. The enrichment is related to anatexis and subsequent high-grade metamorphism
not inherited from the protolith. The partial melting process was responsible for the residues or local enrichment of
the inert Fe-Ti-Al elements and the migration of mobile components, and the volatiles were preferentially
incorporated in the melt. In the water-deficient system, the local “melt” in anatexis crystallized to form the
leucosomes without melt texture or minimum eutectic composition, suggesting the meta-melt feature, not real melt.
The coarse leucosome or pegmatite occurred in anataxis as pre-granitic vein or body and had nothing to do with the
late stage differentiation of the granitic magma. Together with the presence of the meta-melt, the substantial
differentiation of the components resulted in solid residues and corresponding meta-melt phases, with the former
enriched in Al, Fe elements and sillimanite, Fe-Ti oxide minerals occurred. On the contrary, the leucosomes with
possible short distance migration of components were poor in Fe, Ti compositions, and seldom formed garnet and
Fe-Ti oxides. The volatile-unsaturated anatexis was an essentially closed system and the total dehydration effect was
not obvious. The presence of some typical minerals in high-grade metamorphism of the quartzofeldspathic gneisses,
such as sillimanite, garnet, cordierite and spinel, was derived from component differentiation in partial melting of
the rocks. However, the components migration was limited, and the evolving stages of metamorphism and
differentiation could be preserved. Voluminous Fe-Ti oxides and sillimanite in the quartzofeldspathic gneisses
suggest the possible local or differential uplifting of the area, the heterogeneity of deformation and accompanying
components differentiation, corresponding to the reactivation of the earlier structures in the Pan-African event.
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Fig. 1 Mesoscopic occurrence of the Fe-Ti oxides in the Larsemann Hills

(a) Fe-Ti oxide minerals abundant in Mirror Peninsula, Larsemann Hills; (b) Irregular patches of Fe-Ti oxides within the leucocratic
granite; (c¢) En echelon Fe-Ti oxides and leucosomes; (d) Fe-Ti oxide minerals interlayered with leucosomes

Op-opaque mineral

F1 HHEREFRK-KEKT RAXTYHBRTRIERS SN

Table 1  Microprobe composition of Fe-Ti oxides and related minerals in the Larsemann Hills
Y5/ % Sil Mgt Hem-IIm IIm-Hem Spr Spl Bt, Bt,

Si0, 35.81 0.02 0.02 0.02 10. 84 0.03 37.91 38.27
TiO, 0.01 0.03 45.63 18. 48 0.03 0.01 4.36 4.40
Al 0, 63.11 0.10 0. 00 0.02 64.41 62.61 14.75 14.94
Cr, 0,4 0.04 0.28 0.03 0.15 0.11 0.31 0. 05 0.04
MgO 0.12 0.08 0.87 0.26 14. 30 12.07 17.57 17.94
Ca0O 0 0 0 0 0 0 0 0
MnO 0 0 0.02 0 0.01 0 0.01 0
FeO 0. 49 92.63 53.05 75.18 10. 19 25.71 10. 37 9. 80
Zn0O 0. 005 0 0 0. 027 0. 068 0 0.017
Na, O 0 0. 04 0 0 0 0.01 0.12 0.11
K,0 0 0 0 0 0 0 10. 57 10. 45
Total 100. 54 93.18 99. 62 94.09 99.92 100. 83 95.70 95.96
(0] 5 4 3 3 20 4 11 11
Si 0.9741 0. 0009 0. 0005 0. 0006 1.3092 0. 0008 2.7754 2.7814
Ti 0. 0002 0.0012 0. 9001 0. 4567 0. 0029 0. 0002 0.2402 0. 2406
Al 2.0238 0. 0060 0. 0008 9. 1689 1. 9590 1.2729 1.2802
Cr 0. 0043 0.0111 0. 0004 0. 0039 0.0102 0. 0064 0. 0031 0. 0022
Fe'* 0. 0100
Mg 0. 0049 0. 0061 0. 0006 0.0128 2.5749 0.4777 1.9179 1. 9441
Ca 0
Mn 0. 0005 0.0010 0. 0004
Fe?* 3.9618 1.1635 2.0655 1.0291 0.5709 0. 6353 0.5958
Zn 0. 0002 0. 0022 0.0013 0. 0009
Na 0. 0040 0 0. 0005 0.0172 0.0157
K 0. 9860 0.9671

. BT A WDS (B ) AT e M A 2 e b T E 5 T L TR AT = S, (XA S IXA-8230, LR 1SKV, HLI 20nA, B R
5 wm, BN RIREA R PR SALY, ZEEAMNIIIRZEAN 1%, Ho Hem-llm | Hm-Hem N8k, SRR E R, A& ML ER
W (Hem) FE, FHLEEKD (Im) HE, YHE. S—WLA; Mg—REkT ; Hem—oR8kT; Om—EKEkT"; Spl—R M ; Bi—=R
=B (Bt A1 Bt, 8510 R A R S Spr—HEE A
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Fig. 2 Minerals related to the Fe-Ti oxides in the Larsemann Hills

(a) Fe-Ti oxides with adjacent pegmatite; (b) Fe-Ti oxide and biotite-rich band with pegmatitic leucosome; (c¢) In situ anatexis with
garnet-bearing leucosome patch; (d) Irregular garnet-bearing leucosome; (e) Fe-Ti oxide band with granitic lens; (f) Crd-Qtz
emplaced between boudin fissure and nearby leucosome patch

Crd—cordierite; Qtz—quartz
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Fig. 3 Outcrops of the Fe-Ti oxides in the Larsemann Hills

(a) Fe-Ti oxides with sillimanite and quartz; (b) Fe-Ti oxides and sillimanite; (c¢) Leucosome and accompanying cordierite; (d)
Fe-Ti oxides, garnet and biotite bands within leucosome; (e) Fe-Ti oxides and garnet; (f) Pegmatitic Fe-Ti oxides and
feldspar, quartz

Bt-biotite; Grt—garnet; Sil-sillimanite; Abbreviations for other minerals are shown in Fig. 2
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Fig. 4 Microscopic textures with Fe-Ti oxides

(a) Sillimanite partially transformed into cordierite and spinel; (b) Spinel and cordierite in the sillimanite gneiss; (c¢) Fe-Ti oxides
and corundum; (d) The successive magnetite, spinel and biotite; (e) Sulphides accompanying the Fe-Ti oxides and sillimanite; (f)
Garnet rim retrograded to spinel and quartz. a, b, d, f-plane polarized in transmitted light; ¢, e—plane polarized in reflection light.

Spl-spinel; Crn-corundum; Hem —hematite; Ilm—ilmenite; Mgt—magnetite; Sulphide-sulfide; Abbreviations for other minerals are

shown in Fig. 2 and Fig. 3
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MRIERGE SR, TR S W IE B A A0k Ok B K
RZTWRMER, BlRMHA, EHFA (B
3c¢), B Grt—Crd FHi
6.2 HAEANEE

TEREEAE IG5 ALO, AYJERD b, 1630 7% v
B MO R¥ER S, WM ERA, HEREFA
SEEET Y, KM H,0 FELSM R 1R
Wi R &, Hod i MgO . K, 0 il H,0 %544 43 IR
ATERE A 5 N B 0T )R R R B, 45 O R R
=tk

CRMEART VRS Sy, fERE H,0 K MgO
PR 7 i il BB RIGVE AT, 450
W RS, HBLE T MgO I FeO 2H 43 B9 1% M 2%
S FERSEARY Z R AW T a MK G, B
FH WX SETE A MO W I 25 &, 4% MgO A
XA AnAE BT = el R B 0 T DL SR G5
WA, — BT R OKBORE R oy 5, AR T
SAERM RA, T FEE R ER (k).

— R, KA A MgO kb Bk B
457, BEFA, =5 A5 Wb BTG

FEUE B IE R (Harley, 2008) , {2, [
FIXRI — A, 28— R o 8 rh ir & 5
AOEE e B 0T 2 B B AT LB A Gt Opx, Crd F1 Bt
SR, WS MgO Fil H,0 [\ 37 8 R 34 & 4 il
EEHEAE, SIBERMERES A, Ba%
(Kl 2e. 2f, B 3c, 3d), Wik, [REEA. HEiH
AT YIE L, R AR A S TR A A B i
— A R R, MR R R R B, — SR
e e e e DA I N = N e (VR W
AN IE M E B A e, it UL, K
BT A AN TRV 2 G F TR BN TR, R BRI A
Wy 2zEi b, YA TR I B R, IR
UK ER, HE R Y o A BB A,
RIVR J5 %) 0 9 3% B 5w 4R 4 4r CaO, MgO,
K,0. Na,O0 il H,O0 W &4 iF# (& 2¢), JLHE
MO, H,0 4y iE#, H Mg (Fe) TR,
Wil 53 5 A 2 0 55, 6 B M AL oy T IR RAETE
BART A, W, R BERS, MO #8431t
Hok FeO i A, CaO, K,0, Na,O 1 H,0 & iF
B, BEEARERE M0 i A, H 2= KA
MgO, K,O0 Fl H,0 i ABCARAE . MBI, JFik
T 356 il

BEE AL RS A W ES I (Op—Spl,
Crn) FWT Mg, Fe. Al Xf Fe Fl Ti {9 & #,
Mg, Al X} Ti B9 & e, 1fi Sil—>Spl+Crd W& Mg, Fe
XFSifE e, B Mg, Fe XF Si, Al Y& #, 7675
S TR B P B T A R gy, A
TR HE R sk P B S S, B WAk sk E Mk
P . TR BBk B AR A B BB 5 I 0 Mg-
Fe A — 30, MR & A & Bhonl 68 19 38 B (fF:
B, 2005) Mphas, HiX A i gh 2 ) e Lk
A BEREEIR N Z2 WAL, SRR RS S T
MR A B AR, IR Bk k5 Y O 1A
FER GG E
6.3 EESHESMEF

IEVE R TG sh Aoy BRK (H,0) 4b, B4
B, F. CLAI P SE45 K 5, AR NIE S 240 50 W % % o)
Hor, MUARKEENITE, TBBITHRES
SYEECE AR, XS S Ay S RAE TP RO A R
B WH S, MR AT EEF A AR
L, 3 “MgO+¥ K 4" MM, mioA: A
KFarEam b, RUHAKZHELS#ES., B A
P U ARG TR, MARE S 05 R EE S
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£, AR EXEERBIFAE AR (ERERE,
2021) . BEBNEESR A B9 W, B5E S Ko Rl
T WS, R HE R R A b Y TR A
YER B AR T & MR R (H o Prs—BUAE & A1
Trn—H S A1),

Spr—Prszmelt; a little melt—Crd; little melt—Bt-Trn

TGS MgO 55 T B AR 1E 548 & 0 A fE
PEREHE Ky BESS Z 5 MO 4 fh: ¥R 7 5 MgO
HpBAIF—RIT R, K509 B iS5 Mgo Ut
W, MgO, H,0 A iER (Prs—Crd), Mg,
Ca JFIR AL, TR Mg, B W & BRI Y,
Zla, AfHAELS P B FHCLAE, AT %50 46
RS X 21 Ay 1, TR B G T SRR

N =
7 M E

W HOTE A A 2 R (WRERX) EJb
FE, BEE (PTREFEREA — @ MRER) (A% &
A E R RS AR (A KRR R,
BOVE AR B AL A . W SRR B AL A 1 o AR
4153 0 Bl M B F M 2 B Dy W ) R N A A R PR
TP R 1 %, TS 208 A BT A 0 B0 %
(I Gri—Crd) (K 4a) o X Fh 28 5T S N7 4544 ] B
HEEREA L, H5RARE K 5821008 R H %
b1, WAR - amra i fmaRma. A
PR (EAf), ATLREE A, A, Wk
f. BFHRERY MBS YR BB ES A
BARH, B Grt, Sil—>Crd, Spl, #3245 4
Ay BN BE BE R AR AL, 0 B Y 58 2 1 0L B MgO
Hor ) RE, KU 2K RBEHK (Tong et al.,
2014) MI45HE . 2T Crd— B W 23 J 3 8 % 5
KA T B, P00 B s U AR R A AR, TR
U . R Ty r sl

XA B, AR HAZR T P-T k2 1TD
s IBC RIS, B G S0 YR IE R T S sh 4l 4
PREFE P, BR R A — o 8 R R 40, i & m
e M HAEAAE AR (FE A5 ) 21 43 46 BE 1 M BT
WA T LB i, B AE — o i AR AR 2> 55— i It
W 2, i %45 5 a5 NN B M A 4
(WA 2B R AR “my” Wi, IEEE
RN ), TEAIERINESS S, EEEMm, B
fRACFFH ). 4 Spl-Crd BITE L, JB T HEE A (&
AT ) 45 i ) 0 TR R A o R BT B,

Shifr2 ek Bz e LK XEA

FITAI L, DU e 5T &l v RK 5 o AL R B
ZWETYIAE, AR IE AR5, R BB R R
XTI VB 3 B0, b i) 8 I Al T 28 0% 1 5 b
(Piazolo et al. , 2020) , KR P WL A KT YHE
BN 5iIG AR E T 2ERRTHE X, DK%
I A3 S 3 0 AR TR AR B AN, AT RE AL T
EES, MR BRA A E T TR (8 2e)  A1ARAF
FERERL , Ll o DX AR FB AL T AR X RS, i v S Ab
TAEXT b &R AL, B ST XN A A A BR300 1Y
T E R EUCE Bk, P R A8 R T A BT
e E #E, HMRTAE T U0, FFRE X846 5,
H L) Dome and Keel F#) 15 ( Marshak et al. |
1992) , 1Z AR 3 BV 3 Fhofi 4 79 3 0 s, R0
PR, PERERGE R, O RR B OIR A ZE AL,
WA R 7, 7R AR AR 22 HOR R 2 i
R, WA AZD T8RN FENIED (Diks et
al., 1993) . JEHHEF R & UM A sy U1 3% 3, 2 5%
AR T AR TR B AR Y 3 A oK hE AR AT A,
B RETE Bl B TR0 (9 0 1, 3R 0 R O o 5 ot A R I 22
LR K BOEAT BRI G AL R A B s kR, K
A7 AR W A6 1 A 2 R B 5 A9 i L AR A G
B AR (B S ) B A ARE, SRS S A
PR | A SRR A o b 5 1Y) e R 5 8 T BB A Bk
F, AT 5 Rl T LT 0 R i AR A (2 AR
4, 2010), B2, BRI SEZENA LN E AW
RHCAE X 5 38 K WLARGE

Pl b 2 Y MR AR A — R WL
FATN A L RRORL 5 AH AR JIT 58 BE 19 43 Al 540 X, A
WA DB R 22 57, BAIK FARR AR 528 B
e (eI ), IR R NI A A E 8 531k
S S I VAN IRV S SO L A Nt S 7 N
S TR R B AR B, A K WK R s
2E 5, RIEAE AT B9 3 Fh 22 5 1k w] B BE — 28 20 43 1Y
P VT BB IE LR BK AR AL ) 55 00 — S 1 4y (AR K
4y) MG, Wik, e Rk AR E
AR S M RARTERE A 4 5y o R AE T, 5 R
Fa 385 B P B A G, BT 2 B B b Xz 3 B A i
JRBRTAeRT (M ARYE R L B R 3 3l 1Y e
IR, BLIZ e 7E 7 A% AR 4 7R 30 il B iz 9
WIS, Hoh B ) o0 A I i A B E Y
IR A # i —ms 2 nl Re XTI R Mg i (&l 2f), 1
YIE) T2 IR 6 A B B 1 50 B T B S fI% s IX
1) BE 75 A 4R D0 TT BB T N v R 0 I R
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AR R NPT B B A B S B A P gk
R Y Ry 8 R AR 5 KOS 1R R R R e 9 AR
FH a8 e 8 TR 1 FH 5 4 s miVE AT O, IR
JEa w A X B2 gy R AR TS R R i
WARARIL G40 5, WA BIRSS s, AEA
IERYRE IR, BORDRL B3 R B0 & oA o2 5 R
YERA B =8, OB R T 16 5 A Bk alcs 8
M5 46 B BT H o = K

GG AE T 3 B P P 4 23 T B BK AR Ak s 2R A
REV KGN L 3 EH, Hh i) — SR ey
Wi, AW a, B A RAMIE R
WHHES I FAEMAKL, HHESTHLEAR,
IR QR A7 20 53 43 5% 0 & B B W, HORRAE R,
OIFtabrBe, 2B, B (W) WAEEN, &
MIGER Y MgO . K,0 Fl Na,O 414> %6 I 2 3 70 i
B, WIGVIRIEEA ok @ | W, BRwLa,
JRy S E 1) HE S 1 B ORI 2o B W e () M
Ry m A G, SHAEXRAKR, @B W%,
FeO . Fe,0,. TiO, I Al,0, JE ik gk & 1k ¥ 5% Sil-
Op RES MR, REHE, Wiy, OR
Bz A G, HAA DR AE, KRBk E
R, Ut () EIRmaT R, HAbd
IERSHE B AR R, ORI B8 0 43 ok 2B K R A I 1
i, Fe (Mg) HAMEMAMT A, BRI A ;
B —E KA, ARG RS, @BFE, K
PR A R, TR A iE R, B i
Ko 4k K, Mg (Fe) 44y ULiE, B L
(M) JEIRSE R R EH A X TEF A MBI,
W R R AN S b TR R, T 2 B X — SE A%
GERI S5 . K AR A R B E S R A
B L, IR R R LLR 20 43 00 2 AR A Ok %
B, @V HIB BOK 43 [ 458 R = B4

SRE T Z g CERRX BouM L, fil
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OF B AR A S B — R b 4 4) 4 SRR R
ALY AR ERE, KRPAEHKK ALY
M LA KW & B L, X w1 il SRS
TR 2 SR TE . PLIT 2 Rk X AR JE /R H
A AR — 1k R ARFE R 0 & L A A0 S

ER, AR ATREAH 4 T KW A & 09 705 3, B S 3t
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N LR AR R S i iU RpaE | RS A F
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