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Abstract The surce rock fram which the sillimanite gneisses derive mainly was the
biotite plagioclase gneiss in theLarsamann Hills It is the defomation-metanomphisn
process under gecial pressure and tamperature condition, not the original rock com-
positions, that controls the presence of sillimanite To a great degree, the sillimanite
gneisswas the mixture of the detaining materialsof the migrating felsic melt from the
bt-plagioclase gneiss that undemwent partial melting and the relicswhen the melt was
renoved In sillmanitization the original rock had been changed substantially in
chemical camposition The related metamomphisn process sverely deviated from the
iochenical series, the processwas of, therefore, an open systen  In addition, the
ALO; oontentsof the original rock wasan important, but not critical factor for the for-
mation of sillmanite, i e , the sillimanite-bearing rock need not be of aluminum rich
in camposition, and vise contrarily, the aluminum rock may not produce sillmanite

The authorsof the present pgper postulate that the ource rock fram which the alumi-
num rich rock derives need not be of aluminum rich, but sillmanitization is generally
the ALO; increasing process The aluminum rich sdiments such as clay or shale
need not corregond directly © sillimanite-rich gneisses No argillaceous rock present
equals o sillmanite-rich gneiss in chemical composition The probliths o the silli-
manite gneises from the Larsamann Hills east Antarctica, and their adjacent area
may be pelite, shale greywacke, sub-greywacke, quartz sandstone and quartz-toumar
linite If correct, the conclusion will be of significant mplication for the detemina-
tion of the sillimanite gneiss fomation process and the reconstruction of the prowlith
setting
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1 Introduction

It is generally accepted that the protoliths o the sillimanite-bearing, egecially those
sillimanite-rich schistsor gneisses are pelitesor aluminous clay and fom in the passive con-
tinental margin or stable basin sttings In principle, if metamomphisn occursin closed sys
tam and equilibrium obtained between minerals, the above metamorphicsprowlith correla-
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tion is quite reaonable In fact, during the research of the metanorphic textures and can-
ponent activity of the high-grade quartzofeldgpathic gneisses of the Larsamann Hills, east
Antarctica, the authors are avare of that the premise of closed systan may not stand, and
further the protliths to the sillimanite gneisses are not necessary pelite or clay. Thuswe try
o discuss the proolithsof the gneisses and correponding geochemical changes in metamor-
phisn in the Larsamann Hills region

2 Regional geology

The Larsamann Hills are situated in southern coast of the PrydzBay, east A ntarctica,
and the Mirror Peninaula at eastern Larsamann Hill locate three scientific stations, the
Zhongshan Station of China, the Progress Il of Russia and the austral summer L av Base of
Australia(Fig 1). Tectonically, theL arssmann Hills are positioned in the Pan-African belt
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Fig 1 Lithological map of the M irror Peninsula, Larsamann Hills East Antarctica(Revised after Ren’® and
Tong et al 2002 ).
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of Gondwanaland and the Pan-African tectonothemal event ¢ 550 M a ago is strongly mani-
fested in the region[””. A aiite of upper anphibolite to granulite faciesmetamomhic rocks
are exposed”'e‘”. Among them wo major lithological asociations can be discerned, one is
the interleaving mafic granulite and felsic orthogneiss, the other is the metasedimentary s-
gquence, and the latter constitutes the main part of the area

The orthogneisses are generally taken as the basament part of the ared”’ | whereminor
mafic granulite(10% -20% in area) occurs The orthogneisses are in light orange color and
consists of medium-grained quartz, feldgar, biotite and/or pyroxene Trondjimite can be
found, which includesmainly hornblende, orthopyroxene and clinopyroxene, and al bio-
tite, plagioclase in varying anount and minor quartz W hile the metasedmentary sequence
include the graphite-bearing sillimanite-gamet gneiss, quartofeldgpathic gneiss and minor
calc-silicate rocks, it corregponds the conventional khondalites®. The sillimanite and/or
cordierite-bearing gneisses may originate fram pelite, pelitic sandstone and sandstone,
which constitute the s-called cover sequence of the L arsamann Hills and were deposited o-
ver the basament®. In addition, sme granites and pegnatites can be observed

3 Petrology

Pertinent to the pgper, here only the sillimanite gneiss is described in the following
Due b the amount of sillimanite and mafic and opaqueminerals, the sillimanite can be sub-
divided into three types

(1) The sillimanite-bearing biotite-plagiogneiss, inwhich occurs trace anount of silli-
manite(1%-2%). The rock shows granoblastic texture and contains quartz, plagioclase,
K-feldgpar and varying anounts of garnet and biotite and cordierite is generally absent

(2) Sillimanite schist or gneiss, which iswhite and mainly consistsof sillimanite and
quartz, metimes feldgar is present in certain anount but magnetite is only in trace a
mount even present

(3) Sinel-cordierite-sillimanite gneisses, which often has the heterogeneous struc-
ture, auch as the impenetrative schisiosity and varying thicknessof individual layers, < do
the mineral assamblage and anount The often mineralspresent are sillimanite, K-feldgar,
plagioclase, quartz, biotite, cordierite, graphite, inel (hercynite) , magnetite, imenite,
hematite, gpatite, monazite and zircon Occasionally mega-crystal of gamnet can be noticed,
and locally sulphides-rich quartzite, borosilicate aggregate ( grandidierite-prisnatine-toumar
line) are present™®.

4 Regional metamorphisn feature

A s the strong reactivation of deformation and metamormphisn in later stages, the earlier
metamomphisn (M 1) assmblage Bt + Pl + Kfs+Qtz can only be discerned in the weak de-
fomation part of later defomation Garnet of earlierM 1 is seldom present in the biotite pla-
giogneiss W hile the sscond metamormphisn (M2) congtitutes the major event in the out-
crops Initially fibrolite with preferred orientation occurred ™!, with the assamblages fibro-
lite +Bt+Qtz+0p £ Ky, Bt+ Pl +Qtz, and themain(or peak) assamblage(M2) prisnat-
ic sillimanite, garnet, K-feldgpar and occasional orthopyroxene
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In the Larsamann Hills, the S foliation related with sillimanite generally has the fea-
ture of impenetrative distribution The biotite plagiogneiss haswell-developed foliations and
the mineral of the rock shows certain degrees of orientation and differentiation, while the
sillimanite schisosity often has the strong foliation and the mineral grains at both sides of
the foliation usually don’ tmatch each other This heterogeneity occurs not only on the out-
crop scale, but alo inside a thin sction, and wo distinct mineral domains are present
One is the canmon gneiss assamblage Bt + Pl £ Grt + Kfs+Qtz + Sil +Op, and the other is
thewell-preferred sillimanite-bearing assamblage, Sil +Qtz+ Pl +tMag(Mt). The later can
develop intb o contrasting ewolving directions, one is the leucocratic sillimanite-rich
gneiss, the other is the mafic components-rich, but silica-poor assamblage, Sil + 1(Hc)
+Crd=Cm +Mag+ Iim +Ap +Mnz + Zm, here quartz and feldgpar usually are absent and
fom the third gpinel-cordierite sillimanite gneisses asmentioned above The Wwo contrasting

Leticosome

| SilBiMt

Leucosome

Fig 2 Sillmanite gneisses and related structures A: Sillimanite isfolloved by leucosme in Bt-Pl gneiss B:
The SilB tM t assamblage and leucosome are distributed along certain cleavage; C: Two distinct damains
of Sil-CrdM t and FI-Qtz+Bt inBt-Pl gneiss D: The residuesof SiliMt and M t-Iim after anatexis E:
Outcrop scale sillmanite gneiss, residues and the deriving granite F. late dextral shearing in the grt-
bearing granitic gneiss
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but Si-poor assamblage trangose or cut the biotite + feldpar gneiss domain  Satially as
the fomer assamblage decreases the rock may be transitional to the common biotite plagiog-
neiss Soecially sillimanite gneiss has been observed transitional t toumaline-quarizite and
the complicated borosilicate asociationswere fomed

5 Protoliths to the sillman ite gneises

Chanmical analysesof the sillimanite gneisses have been conducted (Table 1). But the
sillimanite-rich tbumaline quartzitewas not analyzed Themajor componentswere analyzed
with the XRF method in the third Institute of Nuclear IndustryM inistry, while the trace ele-
ments and REE with ICPM S in National A nalyzing Centre, CAGS The possible protoliths
o the gneisses are listed in table 2 according to the pramise of closed systan

K S0 d
Sil-rich Pl gn Sil-bearing Bt-PI gn FPI-Crd-Sil gn
223-15 2043 W20701 21804  121-4 12902 126-1 22301 21801 22303 21909
Sanples Sil-Grt . _— - - _ Sil- Sy
slima SI-PI - mignaitic @rot  ABL SIBL - gicg S BE o cro-
nitite gn granitic GrtBt SilMag

gneiss N N N z Crd on N on aggr

SO, 3659 76 63 7322 6731 5502 7770 6155 3390 37.78 3699 28 26
TO, 004 076 0 18 Q073 131 0 55 121 270 315 479 178
ALO; 62 36 16 74 1366 1500 2246 547 1242 3619 1859 12 90 26 13
Fe O, 027 033 0 1 53 114 Q 67 9 64 4 13 573 2 39 13 97
FeO 0 40 115 142 4. 06 3 59 6 47 1149 1320 1473 2047 19 40
MnO 004 Q05 0 01 Q12 0 04 Q 03 011 Q 16 0 16 Q 08 0 15
Mg 034 020 034 129 222 5 53 2 02 5 87 10 36 10 80 6 62
Ca 003 210 101 2 63 4 88 0 99 0 83 Q0 55 0 78 104 0 80
NgO 0 65 1 68 237 270 5 95 0 10 0 75 189 157 2 36 192
K,O 001 058 6 07 4 63 2 46 277 0 08 0 60 6 68 7 42 014
P,Os 002 004 0 08 0 12 011 0 18 0 03 011 0 03 Q 07 0 03
LOI 002 052 133 0 19 0 28 0 10 011 011 0 90 013 012
TOT 100 78 100 78 99.69 10031 9945 10000 10034 9941 10046 9945 99 31
MF/Y 0011 Q025 0020 0077 008 0132 0244 0263 0343 0388 0423
AI/ACNK 0989 0 793 0591 0601 0628 0 586 082 0923 0673 0544 0901

Ba 17. 3 90 8 605 4 913 599 107 113 1703 462 543 6906
Co <1 251 8 03 110 9 36 9 08 27. 1 43 1 66. 6 77. 3 90 1
Cr 41 4 53 6 14. 92 45 3 67 4 83 5 138 398 262 115 232
Cu 6 91 8 45 23 64 250 149 155 <2 46. 7 24 2 29 2 9 55
Ga 94 7 218 <500 9 49 239 11 2 123 57. 7 78 0 63 0 190
Ni <4 <4 <4 00 16 0 30 4 36 0 448 89 4 123 94 2 96 3
Pb <12 9 97 49 44 36 0 205 <12 307 20. 3 10 2 440 17. 4
Sr 338 53 8 107 125 539 4 26 223 49, 2 117 15 8 5 43
Th <3 <3 45 90 8 4 04 58 4 349 284 42 8 101 6 86
\% 328 415 15 25 63 6 182 149 285 374 507 388 352
Zn 1292 738 30. 42 622 34 8 73 0 236 343 656 512 953

Total 1508 5 1027.4 908 1 19572 15253 558 94 935 03 3408 4 22435 1891 6 8858 6
Ba/sr 512 169 5 66 7.30 111 2512 507 3462 3949 3437 1272
Cr/Ni 1035 134 373 2 83 2 22 2 32 031 4 45 2 13 122 241
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Sil-rich Pl gn Sil-bearing Bt-PI gn FPI-Crd-Sil gn
223-15 2043 ~W20701 21804 121-4 12902 126-1 22301 21801 22303 21909
Sanples Sil-Grt " " " " Sil- Sy
il L ) . SilBt- SiIBt- SilBt- " Sil- Sl- _ _
silima Sil-Pl  mignatitic GrtPl GrtPl Grt Pl Sil-Crd Grt- CcraBt Crd Crd

nitite gn granitic an GrtBt SilMag
gneiss N N N Crd on N on aggr

La 0 43 545 42 47 1044 2266 7427 3391 2896 1026 1535 371
Ce 105 1078 8075 2184 4282 167.3 7132 6185 2085 3678 8 85
Pr 0 12 1 52 1229 2575 547 19 80 826 6900 2354 511 0 93
Nd 039 493 41 58 10007 20,42 7633 3375 2823 9507 2160 322
9n 011 124 8 81 16 40 4 06 14. 62 657 5344 1620 5 51 0 61
Eu 001 Q60 108 292 2 44 120 0 62 168 148 Q27 0 04
Gd 013 036 7. 80 9 00 275 9 47 423 3114 924 6 65 0 53
Tb 003 Q30 0 85 153 0 49 1 47 0 50 4 62 113 102 0. 08
Dy 023 Q45 521 7.76 232 8 34 270 1845 438 6 03 0 39
Ho 008 010 072 1 60 0 38 151 0 45 327 0 56 101 011
Er 023 Q025 107 4. 78 103 4 13 0 75 8 64 143 197 0 25
Tm 006 Q10 <010 069 0 14 Q 54 0 10 120 021 Q25 0 05
Yb 05 035 0 58 4 87 0 80 325 034 7.03 1 40 148 0 52
Lu 012 010 <010 065 012 Q 48 0 10 102 Q 22 Q 20 011
L/H 143 9 16 11 13 1378 911 11 59 1571 1704 1378 4 47 8 33
Total 500 3569 223 34 51323 11501 394 3 179 31 1406 93 479 74 107. 7 27. 73

Eu/Eu’ 0 26 2 120 39 0 67 2 13 0 29 0340 12 0. 67 Q0 14 0 21
Note MF/y = (M@ + FeO +MmO +TiO,) /SO, +ALO; +K,0 +NgO +C D +M + Fe&O +MnO +Ti0,); Al/AC-
NK =ALO; / (ALO; +K,0 +NaO +CaD).

The first type, sillimanite-bearing biotite plagiogneiss, can give the goproximately i-
dentical result through different geochemical recoveringmethods, such as samplesw 20701,
21804, 121-4 and 12902 The trace and REE features are consistentwith the possible pro-
oliths?. A'stheweak reactivation and low amount of sillimanite, this type of gneiss can
be recovered through isochemistry principle

A s o the second and third types of sillimanite gneisses, the problith results fram dif-
ferent methods vary, and even no sedimentary rocks can be matched for sime metamormphics
in the diagrans W e can take sample 22301 ( sil-grt-crd gneiss) as an exanple, the possi-
ble proliths 1o the gneiss may be peridotite— picrite with method of Sang(1992) e
monimorillonite clay in AF diagran, bauxite in the Si-Fe/ (Mg + Ca) diagran, but no
rocks can be matched in the (ALO; + TiO,) -(SO, +K,0) -other camponents diagran.  In
fact, compared with the possible pelites and clayém , ho sdiments can be well matched
the sample gneiss in major components In the Th-A LO; diagram, the position was substan-
tially out of the sandstone-shale field, and the same case o the trace elanentsfeatures We
can sy, nhomagnatic or sedimentary rocks can be correlated to the gneiss in all the compo-
nents Actually the gneiss often changes abruptly along the strike, suggesting the strong
trangosition by defomation This can be evidenced by the abundant leucosomes and peg-
matites in the gneiss, that is, the component migration isobvious and the chemistry of the
gystam isopen S the iochamistry recovering diagransmust lead to erroneous result

The possible proliths to the gneiss can be traced through strike searching The rock
dould be transitional b me cammon gneises for sanple 22301, the sil-gneiss
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_Tabhle 2 Profoliths of the sillimanite gneises in thel arsamann Hills

(ALO; +TiO,) - SO, -Fe/ SO, Al/
Sanples Rocks Sang(1992) AF diagram (so, + (Ca+Mg) (K +Na+
K,0) = 9 Ca+Mg)

— (granite or A rgillaceous
21804  SiIBt-Grt Pl gn tyolite) greywacke sandsone greywacke greywacke

121-4  SilBt-Grt Pl gn pi%ggig) greywacke (strt?;ggld)/gg‘)f/()eren- greywacke  claygreywacke
12902  SilBt-Grt Pl gn arkose greywacke sa?]ggrnie aubgreywacke subgreywacke
W 20701 t%'ég:]még;na:izs arkose Acigrkrgif or arkose greywacke  greywacke
126-1 silcrd gn (gri;;&;vy%cke, (h)é(?art;p ica r(] E?%Tps?l?;grrg- (gr«i)rgya)lcke, (h)(/:(lj;c;)nica
22301 Sil-Grt-Crd gn (F;,?Qﬁ'?;)“e' (O”;]?tg“glc;;)” (bauxite)
21801  ICrdBtgn n(qfr']te’fﬁittg (O”S‘I’tgrglc;;')' - (bauxite)
22303 Sil-Crd-GrtB t gn égﬂgﬁﬁ‘g (‘;L'}rr?tbe"’)‘gc (d‘ﬁggg“ated (bauxite)
21909 ﬁjg%ﬁ”' n(qﬁz‘ﬁﬁ'tt:) (Ve([fl‘gii/‘;“'ite (bauxite)
223-15 sillimanitite (clay) (clay) ( Snt?gtgeg/ Cdlz}fgren- (bauxite) (bauxite)
s sy pom (s (soper (e

Note the rocks in the parentheses are the least possible protliths

is transitional to the Bt-Pl gneiss in both outcrop and microscopic scales, suggesting the sil
gneiss being derived the B t-PI gneisswhich gives the possible original rocks like greywacke
or shale

Generally eaking, the occurrence of sillimanite suggests the high ALO; contents of
the original sadimentary rock A s to the presnt study area, sillimanite can be presnt in
the metamorphic rock with low contentsof ALO; 1 5 4% (sample 12902). However, man-
y leucocratic gneisses, metasedimentary or orthogneiss rocks, in ite of the A LO; contents
above 5 4%, no sillimanite or kyanite ispresent It is pecially to point out that the ssmple
223-8 ( biotite-rich plagiogneiss, table 3) has similar camposition to that of sample 121-4,
and the high AL, O, contents(22 95%) , but sillimanite is not present though the metamor-
phisn condition may reach low-pressure granulite facies®”**’. Then, what kind of other
campositions except A LO; may influence the fomation of sillimanite?W e can compare san-
ples121-4 (sillimanite present) and 223-8 ( sillimanite absent) , the fomer rich in K, Na
but poor in Ca, it seams that CaD is not aufficient enough to fom essential anount of feld-
sar, and sillimanite occur. W hile another pair of samples, 21804 ( sillimanite present)
and 129-2 (sillimanite absent) , the fomer is richer in Ca0, K, Na, opposite o the last
pair of sanples Detailed investigation o the outcropswe noticed that the sillimanite-bear-
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ing gneises undemwent stronger defomation A s the inel-cordierite-sillimanite gneiss in
the area can be derived from almost any rocks except marble or calc-silicate rocks Thus,
the sillimanite-bearing rocks and their prowlithsmay not be necessarily rich in aluninous
camposition, furthemore, aluminous rocksmay not produce sillimanite, even if PT condi-
tions are gopropriate

In the follovingwewill discuss the possible protoliths and formation setting of the silli-
manite gneisses in the area

The sample 131-14 (orthopyroxene-bearing B t-PI gneiss) was collected fram the Bolin-
gen Islands, 10 km west of the Larsamann Hills and gives the prowlith of greywacke in
many recovering diagrans®. The major componentsof the sample is smilar to that of acid
end member (M k46) of ocean island arc greywacke of the Paleomic in eastern A ustralia,
while the REE in nearly identical with that of the continent arc greywacke .

The prowliths to the high-grade L arssmann Hills region and adjacent areas are mainly
bi-modal volcanics™' | alternating greywacke-shale layers(flysch) and minor subgreywacke
and quartz sandsione interlayers ovemhelmingly suggesting the turbulent or active set-

ting®’.

Oxides SO, TO, ALO; FgO; FeO MmO M@ Ca NaO KO BRO LOI  TOT

Pl 6755 102 1234 203 55 012 312 35 245 179 012 016 979
223-8Bt
oDy 543 1022295 022 524 006 222 917 31 127 Q19 Q1 9984

At the northem end of theM irror Peninsula(Fig 1) occur the interlayered leucocratic
and melanocratic bands(bandwidth 10 30 am) of biotite-bearing plagiogneiss and biotite-
rich plagiogneiss, regectively The leucocratic band has SO, =70wt% ,A LO; =13 16%,
with the major camponents richer in TFeO, MO, R,Os and poorer in K,O than that of the
ocean island greywacke of the Paleoaic in east Australia(Bhatia, 1985), suggesting the
more active setting of the Larsamann Hills W hile the melanocratic band ( sillimanite ab-
ent) SO, =54 30% and ALO; =22 95%, the major components, trace and REE ele-
ments are similar 1o that of the Dakota shale(D-2) in W et Mountains, Colorado'™® , and
samples in the L arsamann Hills shav higherM O, (FeD), C&O and Co, Cr, Ni, &, im-
plying the more mobile depositing setting and lowver maturity than that of the Dakota group
(marine delta). Thus the protliths to the banding biotite plagiogneiss are basically grey-
wacke-shale, and fomed in continent arc envirorment®.

In summary, the proliths to the sillimanite gneisses of the L arsamann Hillsmay be
pelite, shale, subgreywacke, greywacke, quartzite, even toumaline quartzite No direct
correlation betveen the sillimanite gneisses and the aluminous-rich clay or shale The es
ential factors in controlling the occurrence of sillimanite are not only the compositions of
the original rocks, but al® the defomation-metamomphisn process in certain temperature
and presaure



The propliths o the sillmanite gneisses from the L arsamann 9

6 Same geochem ical properties of the sillman ite gneises

Besides the distinct mineral assamblages and textures, the second and third types of
sillimanite gneises alo show different geochemical characteristics, the second type is rich

in leucocratic and the third is rich in melanocratic components(Fig 3).
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Fig 3 Diagran of the ratio of Mg + FeO +MmnO +Ti0, vsSO, +ALO; +K,O +NgO +CaD) of the silli-
manite gneises

A smentioned above, much of the protliths to the sillimanite gneisses are greywacke
To understand the relationships betveen the sillimanite gneisses and the greywacke, the
compositions of them are compared (Fig 4) , here the reference sample(131-14) is the qu-
artzofeldgpathic gneissof typical metanomphosed greywacke
10

[(2)
—— 121-4 —B-12902 —/— 21804 —X— W20 701

Rock / greywacke
T

0.1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
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=}
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Fig 4 The REE pattem diagransof sil gneisses vsmetagreywacke (A) REE pattern of sil-bearing gneiss vs
metagreywacke and (B) REE pattern of sil rich gneisses vsmetagreywacke
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The second type of sillimanite gneiss is mainly camposed of sillimanite and plagio-
clase, with lover total REE contents(Table 1, Fig 4). W hile the third type of sillimanite
gneiss ismelanocratic and rich in cordierite and other accesory mineral, quartz isminor or
absent W ith high REE contents the LREE and HREE are strongly fractioned and heavy
negative Eu anamaly. W e take the garmnet-cordierite sillimanite gneiss( sample 22301) asan
example The gneiss has extremely high A LO; (36 19%) and low SO, (33 90%) , abun-
dant in trace elenentsBa(1703 x10 °), Th(284 x10°°), Cr(398 x10°°) andV (374
x10°) and ¥ REE =1389 89 x 10 °, which is the highest in the area of all the rock
types TheLREE and HREE are highly fractioned: LREE/HREE =17. 04, and extranely
negative Eu anamaly (Eu/Eu’ =Q 12, the lowest in the area). The sillimanite is transi-
tional to the biotite plagiogneiss and the former ismostly the residue of the later with soime
componentsmigrated  This is consistentwith that of You andW ang(1988) "', the alumi-
nous rock does’ t necessarily represent the aluminousprotolith, but the Al enriching of the
residues in the anatexis

It seams that from quartzofeldgathic gneiss to sillimanite gneiss, the rock tends o be
rich in Al but poor in Si, Ca, K, Na(table 1), and if the mafic components depleted, P
poorer, but mafic increase, P will be enriched together Sr is the most distinguished of
trace elanents in variation: at the initial stage of sillimanitization, Sr depletion is dlight,
while in the sillimanite-rich gneises, Sr is heavily depleted, which is kegping pace with
the major components of Ca and K

Campared with the metamomphosed greywacke, the sillimanite-bearing gneisses have
the same SIO, contents but higher K,O, but other major components diverse obviously. S
do most trace elements, suggesting the prowliths to this rock type have rather difference
from that of the greywacke(Figs 5A, B).

The second and third types of sillimanite gneisses(or sillimanite-rich gneisses) are
mostly derived fram metagreywacke[gl. But the major campositions of the sillimanite-rich
gneisses contrastwith that of the metagreywacke, even components differentiation occur  In
addition, REE contents, fractionization and Eu anomaly all tend to departure from the grey-
wacke, suggesting the formation of sillimanite-rich gneisses is actually not isochemical, that
is, the open systan.

Due b the non-ioochanical feature of sillimanite gneises fomation, some problens
like whole-rock isochrons and geochemical properties( compositions of trace and REE ele-
ments and paraneters like Eu/Eu’ ) for deciphering the prowlith envirorments and the A r-
chean sediments recognition smbols, all must be re-examined***.

A Ithough the A L,O; contents is not the only factor in controlling the occurrence of silli-
manite, the sillimanitization is generally a process of A, O, increasing ( Fig 6) , with the
paraneter ALO, / (ALO; +CaD +K,0 +NgO) low in type 1 and high in type 2 and 3 of
sillimanite gneisses Sillimanitization is a process of A LO; enriching Thus, Paragneisses
may predaminate in the sillimanite concentrating sequence in the Larsamann Hills But the
possibility of orthogneiss trangposed into sillimanite gneisses cannot be ruled out A ctually
snall patch or lenid of sillimanite gneiss has been found in the garnet-bearing granitic or-
thogneiss(Fig 1). Nevertheless, sillimanite gneisses of the area can not be recovered to
pelite or clay, bauxite Inmany cases, the ©-called’ metepelite, clay” are actually the
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Fig 5 The trace elements pattemn diagrans of sil gneisses vsmetagreywacke (A) sil-bearing gneiss vs met-
agreywacke, and (B) sil-rich gneiss vsmetagreywacke

artifact result under the false premise of iochemistry of metanomphics having undergone
strongly deformation and metanorphisn.
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Fig 6 The variation diagram of the ratio of ALO; / (SO, +ALO; +K,O +NgO +CaD) of sillimanite gneisses

Sillmanite gneiss is themost typical rock in khondalites Under the principle of isoch-
emistry inmetanormhisn, the gneisscan be recovered o aluminous-rich ssdimentary formar
tions and hould occur in stable basinsover cratonsor passive continental margins The re-
ault fram the present paper shaws that original fomation isonly one of the factors, and the
more critical factors lie in the deformation and metanomphisn conditions The protliths to
the sillimanite gneises of the area are mainly greywacke, which might fom in active envi-
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rorment The deduction is quite different fram that of the conventional one
7 Possible orign of silliman ite gneiss

In sillimanitization metamomhic rocks undemvent composition changes, egecially the
leaching of alkaline and alkaline earth metals, even desilicatization'. The fomation of
sillimanite is related o strain and anatexis®' , or crystallizes directly from themelt®!. On
the basis of geochemical comparion betwveen the sillimanite-quartz aggregates and adjacent
anatexitic veins inW anzi group of Hebei Province, China, Wan et al (2003) pointed out
that the sillimanitization was related with anatexis of K-feldgpar leptynite, and both silli-
manite and veins(leucosome) were fomed from the sane process according to the consist-
entNd iotope featurd®’.

From both the outcrop and the microscopic scales, occurrence of sillmanite in the
Larsmann Hills is accompanied by the strong deformation of the felsic gneisses Sillimanite
is often located in the conduitsof leucoomemigration and themineral isa symbol of begin-
ning of anatexis On account of the gatial and texture relations betveen sillimanite, biotite
plagiogneiss and leucosome, sillimanite isperhgpsone of the residues after the migration of
the felsic materials The alkaline( earth) metal components, and smetimes silica, can be
easily ranoved, but alunminousand iron components tend to be inert and remain as silliman-
ite or corundum, being acoompanied by the opaque oxides magnetite, iimenite and hema-
tite, suggesting sillimanitization ismeanwhile the composition adjusting processof the relat-
ed gneises

D efomation or strong strain may be critical  formation of sillimanite In macroscopic
scale, the initial arrangement of the metamomhic rocks in the Larssmann Hillsmay take
certain angle to the presentmajor foliation Because no metanorphic rock can be striked for
more than 1-2km and the apparent distribution of the sillimanite gneiss, the leucocratic gar-
net-bearing granitic gneiss, the migmatitic granitic gneiss(Fig 1) and minor borosilicates
san 1 oblique © the foliation The sillimanite gneiss can be concentrated along the shear
ne bewveen F' and F"(Fig 1) . A sdefomation can substantially reactivate and migrate
me oanponent§24]. The zone may represent the possible mélange of orthogneiss and
paragneiss .

8 Conclusions

According o the above analyses, the folloving conclusions can be obtained

(1) TheALO; contentsof the original rock isan important, but not critical factor for
the fomation of sillimanite, i e , the sillimanite-bearing rock need not be of aluminous
rich in composition, and vise versa, the aluminous rock may not produce sillimanite The
authors postulate that the source rock fram which the aluminum rich rock derives need not
be of aluminum rich, but sillimanitization is generally the AL, O; increasing process

(2) It is the defomation-metamomhisn process under gecial pressure and tempera
ture condition, not the original rock compositions, that controls the presence of sillimanite
No argillaceous rock present equals  sillimanite-rich gneiss in chamical composition The
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aluminum rich sediments such as claysor shale need not corregond directly ©o sillimanite-
rich gneisses The urce rock fran which the sillimanite gneisses derive mainly is the bio-
tite plagioclase gneiss in the study area To a great degree, the sillimanite gneiss is themix-
ture of the detainingmaterialsof the migrating felsic melt fran the bt-plagioclase gneiss that
undergoing partial melting and the relicswhen the melt is ranoved In sillimanitization the
original rock has been changed substantially in chamical composition The related metamor-
phisn process sverely deviate the iochamical series, the processisof, therefore, an open
gystam

(3) The protliths to the sillimanite gneisses fran the L arsamann Hills, east A ntarcti-
ca, and their adjacent areamay be pelite, shale greywacke, sub-greywacke, quartz sand-
stone and quartz-tourmalinite  The deduction will be of significant implication for the deter-
mination of the fomation processof the sillimanite gneiss and the reconstruction of the pro-
olith setting

(4) The rock-foming condition of the sillimanite gneisses may correpond © strong
structure activity ( uch as shear zone) under certain temperature and pressure conditions
Such conclusion is crucial o understanding the regional structure of the study area
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