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Abstract: Mafic gneisses and meta-ultramafic rocks are exposed on Tonagh 
Island These rocks are high-Mg compos1t1on and have undergone ultrahigh
temperature metamorphism Most of the mafic gneisses and the meta-ultramafic 
rocks occur as mtercalated layers or lenses withm the quartzo-feldspath1c gneisses 
Some of the mafic gneisses and the meta-ultramafic rocks locally cut the layers or 
fohat10ns of ne1ghbonng quartzo-feldspath1c gneisses, suggestmg that these mafic 
gneisses and meta-ultramafic rocks were ongmally mtrusive rocks MaJor and 
trace element compos1t1ons of the mafic gneisses and the meta-ultramafic rocks 
resemble those of komat11tic basalt to komatnte from the Archaean greenstone 
belt Light REE-ennched and flat patterns are recogmzed m the mafic gneisses 
and meta-ultramafic rocks although the REE pattern of the deformed sample 1s 
convex upward In the Mt R11ser-Larsen reg10n situated 40 km northeast from 
Tonagh Island, rt has been found m a prev10us study that the LREE-ennched 
mafic gneisses and meta-ultramafic rocks have been denved from komat11t1c rocks 
whose chemical trends show magmatic vanat10ns Therefore, the LREE
ennched patterns of mafic gneisses and ultramafic rocks on Tonagh Island and m 
the Mt Rnser-Larsen reg10n could be mhented from the chemical nature of 
ongmal rocks pnor to undergomg ultrahigh-temperature metamorphism The 
LREE-ennched pattern cannot be explamed by mteraction between an LREE-flat 
parental magma and an LREE-ennched crustal matenal m terms of geochemJCal 
constramts Hence, the LREE-ennched and flat types of the mafic gneisses and 
the meta-ultramafic rocks on Tonagh Island would have been denved from 
different source mantles with respect to LREE signatures 
key words Archaean, Napier Complex, mafic gneiss and meta-ultramafic rock, 
REE geochemistry, source mantle 
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1. Introduction 

The N ap1er Complex, East Antarctica 1s one of the oldest Archaean complexes m the 
world. It 1s also recogmzed as metamorphic terrane havmg undergone ultrahigh
temperature (UHT) metamorphism, characterized by spmel-quartz, sapphmne-quartz and 
orthopyroxene-s1lhmamte-quartz assocrnt10ns (e.g Sheraton et al, 1980, 1987) Metamor
phic P-T cond1t10ns are up to 1 1 GPa and 1100°C (e.g Harley and Hensen, 1990) The 
dommant rock type 1s pyroxene- and garnet-bearmg quartzo-feldspath1c gneiss of igneous 
origm (orthogne1ss), with subordmate mafic, ultramafic and sedimentary rocks (Sheraton 
et al, 1980, 1987). The tonaht1c precursor of the orthogne1ss mtruded mto the crust c. 

3900-3800 Ma, as revealed by 10n m1croprobe U-Pb analysis of z1rcon (Black et al, 1986, 
Harley and Black, 1997). Gramtlc mtrus1ve rocks and mafic dykes are also present 
(Sheraton and Black, 1981). 

Geochemical studies for the mafic gneisses and meta-ultramafic rocks from the N ap1er 
Complex have been conducted by prev10us workers (e.g Sheraton and Black, 1981, 
Sheraton et al, 1987, Owada et al, 1995, Tamosho et al, 1997, Owada et al, 1999, 
Suzuki et al, 1999) Sheraton et al. (1987) revealed that some mafic gneisses from the 
Napier Complex are s1m1lar geochemical features to Archaean komat11t1c rock Tamosho 
et al (1997) noted that the mafic gneisses come from different source material from that 
of the quartzo-felspathic gneisses Suzuki et al (1999) argued that various kmds of 
origmal rocks are mtermmgled m the Mt Rnser-Larsen reg10n m terms of the geochemical 
constramts They also revealed that the protohth of the phlogopite-bearmg meta
ultramafic rock was derived from a komatntlc rock Furthermore, they implied that the 
quartz-bearmg mafic gneiss probably represented a differentiated magma from a komatute 
magma Chondrite normalized REE patterns of both the phlogop1te-bearing meta
ultramafic rock and the quartz-bearing mafic gneiss are LREE-enriched. The hornblende
bearing meta-ultramafic dyke on Tonagh Island has LREE-enriched composition (Owada 
et al, 1999). Owada et al (1999) mdicated that the protohth of this meta-ultramafic rock 

had similar petrological characteristics with a komat11t1c rock from the Archaean green
stone belt 

As described above, both LREE-enriched patterns of mafic gneisses and meta
ultramafic rocks are present m the N ap1er Complex In this paper, we describe the 
petrography and geochemistry of the mafic gneisses and meta-ultramafic rocks from 
Tonagh Island, with d1scuss10n of the geochemical nature of the precursor of the mafic 
gneisses and the ultramafic rocks. 

2. Outline of geology 

Tonagh Island Is located m the southern part of Amundsen Bay The island consists 
of various kmds of metamorphic rocks, e.g orthopyroxene- and/ or garnet-bearmg quartzo
feldspath1c gneiss, mafic gneiss, peht1c gneiss and ultramafic rock, and subordmate amounts 
of three types of unmetamorphosed mtrus1ve rocks ( dolerite, gramtlc pegmat1te and 
syemte). The island Is div1ded mto five geological umts (Umt I to V) from north to south 
(Fig. 1) These umts are d1vided from each other by NE-SW to E-W strikmg and steeply 
north d1ppmg shear zones. The dolerite dyke, named Amundsen dyke, cuts the host 
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�,;�:q Mafic gnc,c;i; 

� Metamorpho-,ed mafic dyke 
c:::=::J (fine grained garnet-two pyroxene gne1s�) 

Ci:] Meta-ultramafic rock 

B Mafic dyke (Amundsen dyke) 

E::j Fault (shear zone) 

Fzg 1 Location map of Tonagh Island wzth dzstnbutzon of thzck mafic gneiss layers and 
sample localztzes of analytical samples Umts I to V denote lzthologzcal umts 
separated by shear zones after Osanaz et al (1999) 

gneisses and the shear zone, and has a chilled margm Osanai et al ( 1999) and 
Toyoshima et al (1999) descnbed lithological and structural features of each Umt 
Hokada et al (1999) discussed metamorphism of sapphmne-bearmg alummous gneiss 
from Tonagh Island and calculated metamorphic P-T cond1t10ns by geothermobarometnes 
Accordmg to them, mferred P-T cond1t10ns usmg mmeral chemistnes are 800-I000°C and 
0 8-1 I GPa 

U mt I 1s composed of layered gneiss, which 1s combmat10n of followmg rock types 
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on a scale of 1-20 m in thickness the orthopyroxene- and garnet-beanng quartzo
feldspathic gneiss, the mafic gneiss, the pehtic gneiss and the quartz-magnetite gneiss 
Minor meta-ultramafic rocks occur as thin layers or lenses within the mafic, the quartzo
feldspathic and the pehtic gneisses Umts II and III are charactenzed by the presence of 
the thick mafic gneiss layers (Fig 1) The hornblende-beanng lherzohtic pendotite 
cutting the layered structure of the host gneiss appears in Umt II (Owada et al, 1999) In 
addit10n to these rocks, garnet two pyroxene mafic dyke intruded into the boundary 
between Umts II and III (Fig I) Umt IV consists mainly of layered gneiss, which 1s 
underlain by a narrow zone between Umts III and V The quartzo-feldspath1c gneiss in 
Umt IV strongly underwent mylomtic deformat10n, although the mafic gneiss does not 
show apparent deformat10n Umt V contams widely d1stnbuted orthopyroxene-beanng 
quartzo-feldspath1c gneiss with trace amounts of the mafic, pehtic gneisses and quartz
magnetite gneiss Meta-ultramafic rocks are sporadically observed as small lenses and 
blocks through the whole umt The fohat10n in Umt I stnkes NE-SW and dips SE or 
NW with a steep angle (50-80°C) These in Umts II and III show almost the same trend 
as those in Umt I, but dip gently (15-40°) NW In Umts IV and V, the fohat10n stnkes 
NE-SW and dips north with moderate angle (20-60°) 

3. Occurrence and petrography of samples 

Lithologies of the mafic gneisses and the meta-ultramafic rocks are classified into the 
followmg eight types (Owada et al, 1999) 1) two pyroxene gneiss, 2) garnet-bearmg two 
pyroxene gneiss, 3) brown hornblende two pyroxene gneiss, 4) b10tite-beanng two pyrox
ene gneiss, 5) fine grained garnet two pyroxene gneiss, 6) pyroxemte, 7) webstent1c 
pendot1te, and 8) hornblende-bearmg lherzohtic pendotite Analytical samples used for 
this study are chosen from 1), 3), 4), 7) and 8) Mineral assemblages and sample localities 
are given m Table 1 and Fig 1, respectively. Lithological names of the mafic gneisses are 
abbreviated by Px mafic gneiss for the two pyroxene gneiss, Hbl mafic gneiss for the brown 
hornblende two pyroxene gneiss and Bt mafic gneiss for the b10tite-bearing two pyroxene 
mafic gneiss The hornblende-beanng lherzohtic pendotite refers to Hbl lherzohtic 
pendotite Texture and metamorphic react10ns of the mafic gneisses are descnbed by 
Tsunogae et al (1999) 

3.1. Px majic gneiss 

The Px mafic gneiss crops out m each umt This gneiss is observed as both thick and 
thin layers The Px mafic gneiss 1s medmm-gramed and shows granoblastic texture 
Apatite and Fe-TI oxide minerals are observed as accessory minerals Retrograde green 
hornblende and b10t1te are present (Tsunogae et al, 1999; Owada et al, 1999) Sample 
C98022202C is exposed on the shear zone in Umt V (Fig 1)  This sample shows 
mylomtic deformat10n (Fig 2) 

3.2. Hbl majic gneiss 

The Hbl mafic gneiss occurs as thick layers in Umts I and II (Fig 1) Composit10nal 
banding associated with the meta-ultramafic layer locally develops in the mafic layer (Fig 
3) This gneiss is charactenzed by the presence of coarse-grained brown hornblende 
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Table 1 A pproxzmate modal abundance of mznerals zn the majic gnezsses and the 
meta-ultramajic rocks from Tonagh Island Mzneral abbrevzatwns are after 
Kretz (1983) 

Sample No. Umt Occurrence 01 Cpx Opx Hbl Grt Bt Pl Qtz Spl Ap 

Majic gneiss 

A90021(,()1G Umt I layer 0 0 6 6 0 X 

A90021(,()2C Umt I layer 0 0 6 6 0 X 

C98012801B Umt II layer 0 0 0 0 X 

C98013103A Umt II layer 0 0 0 0 6. 

C98021003H Unit II layer 0 0 6 0 6. X 

C98020902F Unit III layer 0 0 6 0 6 X 

C98021104F Urut III layer 0 0 0 0 6 X 

C98013002F Umt IV layer 0 0 0 0 0 6 
C98022202C Umt V layer 0 0 6 6 0 6 X 

Meta-ultramafic rock 

C98012802 Unit II dyke 0 0 0 0 6 X 

A90021f,03C Umt I layer 0 0 6. 6. 6 X 

C98013103B Umt II lens 6. 0 0 0 6 6 
0: common, 6: rare, X: accessory 

Fzg 2 Photomzcrograph of the Px majic gnezss (sample C98022202C) Scale bar zs O 5 
mm Note that thzs sample shows mylomtzc deformatwn A bbrevzatzons are the 
same as Table 1 

coex1sting with pyroxene and plag10clase (Table I) The Hbl mafic gneiss contains apatite 
and Fe-Ti oxide minerals as accessory minerals Petrographical feature indicates that the 
brown hornblende was present at the peak metamorphic condit10n coexisting with 
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C98013103A 

C98013103B 

D 
Orthopyroxene-bearing quartzo-feldspathic gneiss 
Gamet-orthopyroxene 
quartzo-f eldspathic gneiss 

lli1 Mafic gneiss 
� Meta-ultrarnafic rock 
EJ Magnetite quartz gneiss 
� Syenit1c rock 
t::J Pegmatite 

Fzg. 3 Route map showing the relatwnshzp among the quartzo-feldspathzc gnezss, the majic 
gnezss and the meta-ultramajic rock in Unit II, with sampling localztzes Note that the 
Hbl majic gnezss shows composztwnal banding and the assoczatwn with thzn layers of 
websteritic pendotzte 

pyroxene and plag10clase (Owada et al, 1999) 

3.3. Bt mafic gneiss 

91 

The Bt mafic gneiss 1s observed m the layered gneiss from Umts III and IV This 
gneiss 1s dark brown to grayish brown m color because of large amounts of reddish brown 
b10t1te Sample C98013002F 1s present as a lens m the strongly mylomtlzed quartzo
feldspath1c gneiss m Umt IV Small amounts of garnet surround pyroxene and coexist 
with b10t1te (Fig 4a) Sample C98021104F occurs as a thm layer w1thm the quartzo
feldspath1c gneiss and 1s charactenzed by large amounts of b10t1te Symplect1te of b10t1te 
and quartz 1s frequently observed (Fig 4b ). A quartz vem penetrates mto the sample 
The Bt mafic gneiss contams apatite and Fe-T1 oxide mmerals as accessory mmerals. 
Z1rcon 1s also present as mclus10ns m b10t1te 

3.4. Webst erit ic peridot it e 

The webstent1c pendot1te occurs as a lens or a block. The pendot1te consists mamly 
of orthopyroxene, clmopyroxene and a small amount of ohvme Brown to browmsh 
green spmel, phlogop1te, brown to pale brown hornblende and plag10clase are also present 
as pnmary mmerals Euhedral apatite 1s observed m the layered type webstent1c pendot1te 
as an mclus10n of plag10clase and pyroxene Sample C98013103B occurs as a thm lens 
w1thm the thick Hbl mafic gneiss layer m Umt II (Figs 1 and 3) Sample C98013103B 
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Fzg 4 Photomzcrographs of the Bt majic gnezss Scale bars are O 25 mm A sample 
C980 l 3002F Note that thzs sample con tams a large amount of bzotzte coexzstzng 
wzth garnet B sample C98021104F Note that bzotzte and quartz symplectzte ts 
frequently observed Mzneral abbrevwtzons are the same as Table 1 

Fzg 5 Photomzcrograph and composztwnal map of constztuent mznerals zn the Hbl lherzolztzc 
perzdotzte (sample C98012802) A fl scale bars are O 5 mm A warm color represents 
hzgher-concentratzon and a cold one zs lower-concentratzon of each element Note 
that constituent mznerals do not show chemzcal zonzng A Photomzcrograph of the 
sample B X-ray map of Mg C X-ray map of Al D X-ray map of Tz 
Mzneral abbrevzatzons are the same as Table 1 
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and the Hbl mafic gneiss (sample C98013103A) are similar mineral assemblages but have 
different modal compositions (Table 1). 

3.5. Hbl lherzolit ic peridot it e 

The Hbl lherzolitic pendotite is oblique against the layers of the neighboring 
quartzo-feldspathic gneiss, suggesting that this rock was intrusive rock (Owada et al, 1 999) 
It shows granoblastic texture and consists mainly of olivine, clinopyroxene, orthopyroxene 
and hornblende (Fig 5), with trace amounts of spinel, magnetite and apatite Euhedral 
to subhedral apatite is included in ohvine (Owada et al., 1 999) Figure 5 shows results 
of compositional mapping of Al, Mg and Ti Chemical compositions of constituent 
minerals such as olivine, pyroxene and hornblende are homogeneous Representative 
pyroxene compositions are listed in Appendix 1 Judging from texture combined with 
mineral chemistry, these minerals probably reached eqmlibnum dunng peak metamor
phism 

4. Bulk rock chemistry 

MaJor and some minor elements were analyzed with XRF at the Center of Instrumen
tal Analysis of Yamaguchi University Trace elements including rare earth elements 
(REE) were determined by Inductively Coupled Plasma Mass spectrometry (ICP-MS) at 
Activation Laboratory Co Ltd and the Curtin University of Technology The analytical 
data are listed in Table 2 

The mafic gneisses and the meta-ultramafic rocks range from 43 to 55 wt% in Si02 

Some of these rocks are charactenzed by high MgO, Cr and Ni contents Figure 6 shows 
the Ti (ppm)-Zr (ppm) diagram of the rocks from Tonagh Island and komatntlc rocks 
from Barberton greenstone belt All samples are plotted close to the pnmitive mantle 
composition descnbed by Sun and McDonough (1989) 

Chondnte normalized REE patterns for the mafic gneisses and the meta-ultramafic 
rocks are given in Fig 7 The REE patterns of the Hbl mafic gneiss show ennchment in 
LREE and slight depletion in HREE, although sample A90021602C shows relative HREE 
depletion compared with the other three samples Sample C980I3 l03A, which has the 
lowest REE abundance among the Hbl mafic gneiss, was collected from the central part of 
a thick mafic layer in Umt II (Fig 3) The other three gneisses occur as relatively thick 
layers in Umts I and II The patterns of these samples resemble each other (Fig 7) 

The REE patterns of the Px mafic gneiss are similar to those of the Hbl mafic gneiss 
except for sample C98022202C The REE pattern of this sample is a convex upward and 
is different from those of other mafic gneisses and meta-ultramafic rocks (Fig 7) The 
REE pattern of the sample was probably modified dunng deformation since the sample 
underwent mylomtlc deformation (Fig 2) 

Two samples of the Bt mafic gneiss were measured Sample C98021104F shows an 
LREE-ennched pattern, whereas sample C98013002F shows an almost flat pattern 
although HREE concentrations are similar 

The REE patterns of the meta-ultramafic rocks are divided into two types, LREE
ennched and flat types (Fig 7). Both types have similar HREE compositions Sample 
C980I3l03B is present in the thick mafic layer of the Hbl mafic gneiss, and was collected 



Table 2 Bulk rock analyses of the ma.fie gnezsses and the meta-ultramafic rocks from Tonagh Island 

Sample No A9002160IG A90021602C C98012801B C98013103A C98021003H C98020902F C98021104F C98013002F C98022202C A90021603C C98013103B C98012802 

Umt Umtl Umtl UmtII Umt II UmtII Umt III Umt III UmtIV UmtV Umtl Umtll dyke 

Rock type BHPG BHPG BHPG BHPG PG PG BPG BPG PG WP WP HLP 

wt% 

S102 5482 50 36 50 48 47 06 50 46 52 70 5450 45 07 4984 53 30 42 33 43 95 

T102 0 45 1 11 0 92 0 41 0 62 0 75 0 59 0 98 0 69 0 33 0 37 0 51 

Al20, 12 86 8 72 16 08 19 14 12 89 14 56 9 76 15 09 15 31 3 49 10 58 4 30 

Fe,03 10 59 15 03 10 42 9 30 12 74 12 29 11 15 15 27 1244 12 24 15 16 15 14 

MnO 0 17 0 23 0 14 0 12 0 22 0 17 0 14 0 23 0 23 0 21 0 20 0 20 

MgO 10 51 14 76 8 82 11 40 9 35 8 55 13 95 11 87 7 82 23 71 23 22 31 05 

CaO 8 87 8 10 11 35 11 18 12 22 7 42 5 81 9 51 14 49 6 84 6 19 4 97 

Na20 2 03 1 17 2 36 1 48 1 92 3 05 1 93 0 53 0 67 0 32 0 51 0 36 

K20 0 40 1 03 0 31 0 17 0 22 0 53 1 50 1 38 0 13 0 00  0 17 006 p, 

P,Os 0 08 0 26 0 12 0 02 0 05 0 07 0 30 0 06 0 12 0 04  0 03 0 02 p, 

ppm 

217 157 210 103* 239 209 143 286 218 124 149* 199* 

Cr 736 1800 505 247* 1190 623 1170 286 607 5170 1139* 2142* 

Co 48 76 55 nd 53 46 43 56 48 % nd nd 

N1 198 680 234 372* 121 95 143 131 102 676 1147* 1786* 

Cu 16 51 73 nd 19 29 <10 59 <10 62 nd nd 

Zn 94 91 60 63* 106 122 74 82 82 123 146* 87* 

Ga 15 15 17 nd 15 16 14 16 17 7 nd nd 

Rb 10 36 2 <2* 5 4 124 25 2 <2 <2* 6* 

Sr 69 120 152 130* 57 108 240 61 103 5 20* 36* 

y 20 27 16 10 30 32 22 18 45 11 13 12 

Zr 86 108 75 25 61 81 126 40 35 36 39 48 

Nb 2 9  4 7  4 3  1 3 4 8  6 3  4 5  2 3  4 0  0 8  2 0  8 6  

Ba 61 259 91 39 46 175 828 165 23 9 18 4 



La 10 90 17 30 13 40 2 95 12 90 22 60 28 40 3 17 7 79 6 19 1 72 

Ce 23 30 37 40 29 00 6 44  3 1 20 43 20 58 30 8 00  24 50  15 60 5 16 

Pr 2 61 4 23 3 27 0 81 3 60 4 45 6 22 1 09  3 58 1 74 0 78 

Nd 1 1 30 19 20 15 00 4 10 14 80 18 10 26 80 5 99  18 60 7 41 4 35 

Sm 2 98 4 97 4 37 1 20 3 %  4 25 5 94 1 94 6 73 1 59 1 30 

Eu 0 661 1 570 1 100 0 520 0 803 1 1 10 1 260 0 869 2 450 0 33 1  0 420 

Gd 3 10 4 97 4 71 1 44  4 38 4 65 5 26 2 31  7 39 1 78 1 57 

Tb 0 53 0 83  0 89 0 27 0 80 0 80 0 71 0 46  1 49 0 29 0 32 

Dy 3 43 4 92 5 89 1 60  5 04  5 00  3 95 2 97 8 45 1 84  1 88  

Ho 0 74 1 01 1 28 0 34 1 06 1 10 0 76 0 68  1 55 0 38 0 41 

Er 2 15 2 75 3 79 0 91 3 15 3 44  2 18 2 06  4 01 1 15 1 16 

Tm 0 318 0 384 0 574 0 140 0 471 0 541 0 309 0 330 0 541 0 178 0 190 

Yb 1 98 2 23 3 35 0 95 2 69 3 25 1 87 1 97 2 92 1 01  1 32 

Lu 0 273 0 337 0 466  0 150 0 386 0 477 0 246 0 299 0 322 0 151 0 220 

Hf 2 2  3 0  1 8  0 7  1 7 2 3  3 1 1 2 1 3  0 9  0 9  

Ta 0 3  0 4  0 3  0 2  0 5  0 7  0 4  0 2  0 5  0 1  0 3  

Th 0 73 1 92 3 62 0 01 5 89 2 2 1  4 67 0 16 1 08 1 13 0 1 1 

u 0 30 0 52 0 76 0 00  1 30 0 70 2 02 0 06  0 35 0 36 0 02 

(La/Yb)N 3 72 5 24 2 70 2 10 3 24 4 70 10 26 1 09 1 80 4 14 0 88  

(La/Sm)N 2 30 2 19 1 93 1 55 2 05 3 35 3 01 1 03 0 73 2 45 0 83  

Total Fe as Fe203 

Notes BHPG = brown hornblende two pyroxene gneiss (Hbl mafic gneiss), PG = two pyroxene gneiss (Px mafic gneiss), BPG = 
b10t1te-beanng two pyroxene gneiss (Bt mafic gneiss), WP= webstentic pendotite, HPL = hornblende-beanng l herzoht1c pendot1te (Hbl 
lherzohtic pendot1te) * determmed with XRF at Yamaguchi Umversity 
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nearby the sample C980 l 3 I03A ( Fig 3) Both samples have low REE concentrat10ns 
compared to other samples (Fig 7) 

5. Discussion 

Owada et al ( 1 999) found that the precursor of the Hbl lherzol it1c pendotite was 
mtrus1ve rock based on geological and petrograph ical mvest1gat10ns Moreover, they 
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revealed that some ongmal rocks of the mafic gneisses and the meta-ultramafic rocks had 
s1m1lar petrolog1c character to komatut1c rocks from the Archaean greenstone belt Figure 
6 shows a Zr agamst T1 diagram for the mafic gneisses and the meta-ultramafic rocks from 
T onagh Island and the komatute and related basalt from the Barberton greenstone belt, 
South Afnca. The Zr and T1 values of the mafic gneisses and meta-ultramafic rocks from 
Tonagh Island resemble those of the komatut1c rocks from Barberton greenstone belt 
The TI and Zr data support the above idea proposed by Owada et al ( 1999) 

The Hbl mafic gneiss 1s charactenzed by ennchment m LREE and slight deplet10n m 
HREE regardless of the1r REE concentrat10ns Most of the Px mafic gneiss, the Bt mafic 
gneiss and the meta-ultramafic rocks represent an LREE-ennched pattern and are s1m1lar 
REE patterns to the Hbl mafic gneiss (Fig. 7) Sample C98021104F (the Bt mafic gneiss) 
shows d1stmct LREE ennchment between the mafic gneisses and the meta-ultramafic rocks 
(Fig 7) A large amount of b10t1te and quartz symplect1te 1s recogmzed m the sample 
(Fig 4b) Tsunogae et al. (1999) descnbed similar texture m other mafic gneisses from 
Tonagh Island They mterpreted that this texture shows retrograde mteract1on between a 
mafic gneiss and a melt Takmg the1r mterpretat10n mto account, the REE pattern of 
sample C98021104F 1s considered to have resulted from mteract10n between a mafic gneiss 
and a probably LREE-ennched melt, although the data presented here are msuffic1ent to 
discuss the mteract10n process 

Cattell (1987) found that LREE ennchment of komatut1c basalt from the late 
Archaean greenstone belt m Canada reflects a result of mteract10n between LREE depleted 
komatut1c magma and LREE-ennched crustal matenals Figure 8 shows the chondnte 
normalized (La/Yb )N-YbN diagram for the mafic gneisses and meta-ultramafic rocks from 
Tonagh Island and the orthopyroxene fels1c gneiss from Mt Ruser-Larsen (data set from 
Suzuki et al, 1999) The mafic gneisses and the meta-ultramafic rocks, excludmg sample 
C98021104F, show low (La/Yb )N rat10s regardless of Yb concentrat10n, whereas the 
orthopyroxene fels1c gneisses plotted w1thm the field of Archaean TTG represent high 
(La/Yb)N rat10s and low Yb contents (Fig. 8) If a meta-ultramafic rock (YbN = 13 5, 
(La/Yb )N = 2 7) 1s mixed with an orthopyroxene fels1c gneiss as a contammant (YbN = 1 1, 
(La/Yb )N = 104), resultmg compos1t10ns are plotted on the m1xmg lme shown m Fig 8 
Most of the mafic gneisses and meta-ultramafic rocks are not plotted on the lme 
Therefore, the LREE-ennched patterns of most of the mafic gneisses and meta-ultramafic 
rocks cannot be explamed by mteract10n between LREE depleted or flat parental mafic to 
ultramafic magmas and the LREE-ennched crustal orthopyroxene fels1c gneisses 

The LREE-ennched ultramafic rocks have been descnbed by Suzuki et al (1999) m 
the Mt Ruser-Larsen reg10n. They found that the phlogop1te-bearmg metaultramafic rock 
has been denved from komatut1c rocks, of which 1t shows a magmatic compos1t10nal 
vanat10n controlled by add1t10n and subtract10n of olivme Therefore, geochemical data 
presented here combmed with the mterpretat10n of Suzuki et al (1999) suggests that the 
LREE-ennched pattern of these samples, excludmg sample C9802I 104F, may reflect the 
chemical nature of ongmal rocks before they underwent ultrahigh-temperature metamor
phism 

As already descnbed, LREE-flat to slightly depleted mafic gneisses and ultramafic 
rocks are exposed on Tonagh Island and also occur m the Mt Ruser-Larsen reg10n (Suzuki 
et al, 1999) Accordmg to the mmeral/liqmd part1t10n coefficient for the tholeut1c 
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system, a common fract10natmg assemblage such as ohvme, clmopyroxene or plag10clase 
cannot alter results m LREE-ennched residual hqmds from LREE flat to depleted parental 
magma (Sun and Nesbitt, 1978) It 1s known that the LREE ennchment could be ascnbed 
to late-stage crystalhzat10n of z1rcon m the same system (Tnbuz10 et al , 2000) This 
s1tuat10n cannot be applied m the mafic to ultramafic rocks because z1rcon crystallizes from 
highly evolved melt such as rhyohte Therefore, the LREE-ennched patterns cannot be 
explained by fractional crystalhzat10n of parental REE flat magma Suzuki et al (1999) 
found that their source mantles have different LREE signatures, namely, an LREE
ennched mantle for the quartz-beanng rnafic gneiss and an LREE-depleted mantle for the 
quartz-free vaneties 

Owada et al (1 999) pomted out that diversity of the LREE ennchment might reflect 
the modal abundance of apatite The vanat10ns of Ce (ppm)-P (ppm) concentrat10n are 
given m Fig 9 These elements mdicate positive correlat10n, suggestmg that apatite 1s 
regarded as a mam contamer of REE m the mafic gneisses and the meta-ultramafic rocks 
from Tonagh Island Figure 10  shows the chondnte normalized (La/Yb )N rat10 agamst 
P 205 ( wt%) diagram of the mafic gneisses and the meta-ultramafic rocks LREE-ennched 
samples, excluding C980211 04F, show positive correlat10n between (La/Yb)N rat10s and 
P205 contents, suggestmg that d1vers1ty of (La/Yb )N rat10s roughly correlates with modal 
abundance of apatite In companson with the same P 205 contents ( > 0 l wt%), LREE-flat 
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samples (C980 13103B and C980 13002F) show lower (La/Yb)N rat10s than those of the 
LREE-ennched ones (Fig 1 0) These Imes of evidence suggest that the LREE-ennched 
mafic gneisses and ultramafic rocks on Tonagh Island have been denved from LREE
ennched mantle rather than LREE flat ones. 
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