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Abstract: Lamproite dykes, discovered during JARE-40, form NS-trending,
subvertical sheets over a 2 km distance in southeastern Tonagh Island They
range from a few centimeters to one meter in thickness and up to several meters
in length The lamproite 1s holocrystalline and consists dominantly of ferrian
microcline, potassic richterite, biotite and apatite, trace amounts of quartz are
often present  Grain size 1s generally 0 1 to 3mm  The lamproite 1s noteworthy
for 1ts very high contents of K,O (9 33-11 66 wt%), P,O; (2 66-4 21 wt%), Be (7-
19 ppm), F (077-1 44 wt%), Rb (253-479 ppm), Sr (2331-3306 ppm), Zr (1310-
2400 ppm), Nb (889-209 ppm), Ba (931-12992 ppm), light REE, Th (13-145 ppm)
and U (8-16 ppm), and relatively low Al,O; (7 66-10 15 wt%) and Na,O (1 03-
195wt%) Rb-Sr internal 1sochrons define ages of 4664+4 Ma and 47646 Ma
and mitial ratios of 0709494000010 and 070966+ 0 00010, respectively The
small difference 1in age between the two samples might be related to minor
alteration following original crystallization Lamproites at all three localities
have intruded areas where the Archean Napier Complex was reactivated 500 Ma
ago by pegmatite activity and by superimposed amphibolite-facies metamorphism
and deformation Overall, the temporal and spatial relationships between lam-
proite intrusion and zones of late-Proterozoic to Cambrian reactivation of the
Napier Complex are similar to those between ultrapotassic igneous activity and
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Pan African deformation and metamorphism in Eastern Queen Maud Land
This suggests that the effects of the amalgamation of east and west Gondwana
extended eastward in Antarctica from Queen Maud Land to Enderby Land

key words lamproite, Enderby Land, Rb-Sr geochronology, magma origin, Pan
African

1. Introduction

Since 1996 the Japanese Antarctic Research Expedition (JARE) has been carrying out
the project “SEAL” (Structure and Evolution of east Antarctic Lithosphere), which 1s an
investigation of the geology of the Napier Complex in Enderby Land with the overall aim
of understanding the crustal evolution of the Precambrian shield of East Antarctica For
this purpose, field parties of JARE-38 and -39 carried out detailed geological surveys of
Mount Ruser-Larsen and Tonagh Island (Ishizuka et a/, 1998, Osanai et al/, 1999)
During a geological survey by JARE-40, dykes of lamproite (as defined by Foley et a/,
1987, Mitchell and Bergman, 1991, Rock, 1991, Foley, 1992, Woolley et al, 1996) were
discovered 1n the southeastern part of Tonagh Island in Amundsen Bay

Elsewhere in Enderby Land, lamproite dykes have been described from Priestley Peak
and from the Hydrographer Islands, respectively, 5 km south and 70 km southwest of
Tonagh Island  Field relationships and geochronological data show that these lamproites
are unmetamorphosed 1gneous rocks post-dating the Archean metamorphism of the Napier
Complex The Priestley Peak dyke cuts the youngest, unmetamorphosed mafic dykes
(Amundsen dykes) and consists primarily of potassic magnesio-arfvedsonite, biotite, ferrian
microcline, apatite, quartz, and minor rutile, titanite and bante (Sheraton and England,
1980, Sheraton et al/, 1987) A Rb-Sr 1sochron of whole-rock and mineral samples from
this dyke gave an age of 482+3 Ma and an 1nitial ratio of 070852+ 000007 (Black and
James, 1983) Dykes on the Hydrographer Islands contain richterite, aegirine-augite and
barite, and cut shear zones and late (Cambrian) pegmatite, but these dykes have not been
dated (Sandiford and Wilson, 1983, 1986)

In general, potassic and ultrapotassic magmas occur in a wide range of tectonic
settings, and several models have been proposed for their genesis on the basis of trace
element and 1sotope geochemistry (eg, Foley et al, 1987, Foley, 1992, Robert et al,
1992)  Sheraton et al (1987) suggested that emplacement of lamproites in Enderby Land
and the southern Prince Charles Mountains was associated with faulting which was an
early manifestation of the rifting processes that ultimately resulted in the break up of
Gondwana

We report here petrographic and geochemical characteristics of lamproite dykes from
Tonagh Island, compare our results with the compositions of other potassic and ultrapotas-
sic rocks, and suggest a tectonic model

2. Geological setting

Bedrock exposures in Enderby Land consist primarily of high-grade metamorphic
rocks Kamenev (1972, 1975) distinguished the Napier Complex from the Rayner Com-
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plex on the basis of its higher metamorphic grade, and inferred that the higher-grade Napier
Complex was older than the lower-grade Rayner Complex This sequence has been
confirmed by subsequent geochronological studies (e.g., Williams et al , 1984; Black and
James, 1983, Black et al, 1983; Sheraton et al., 1987, Tamnosho et al, 1997), which
indicate that the Napier Complex 1s Archean crust 2 5-3.0 Ga 1n age (with some compo-
nents as old as 3 8 Ga), whereas the Rayner Complex was metamorphosed at 10 Ga and
later (e.g , Black et al., 1987) In addition, Sheraton et al (1980, 1987) observed that the
unmetamorphosed Amundsen (dolerite) dykes intersect the Napier Complex, whereas the
Rayner Complex contains only the metamorphosed relics of such dykes, they also distin-
guished the complexes on this basis  The dykes, which range 1n age from 2 35 to 1 20 Ga,
constitute part of a Proterozoic igneous province extending over much of southern Africa
and parts of formerly contiguous parts of East Antarctica (Sheraton and Black, 1981,
Hanson et al, 1998). Localized pegmatites of late Proterozoic or early Cambrian age
emplace the Napier and Rayner Complexes (e.g, Grew, 1978, Black et al, 1983, 1987,
Sheraton et al., 1987)

Tonagh Island 1s underlain by granulite-facies metamorphic rocks such as
orthopyroxene-bearing felsic orthogneiss, paragneiss, and mafic granulite of the Napier
Complex. They are cut by several suites of mafic intrusive rocks, both metamorphosed
and unmetamorphosed Tonagh Island and nearby exposures in Amundsen Bay lie
within the area of highest metamorphic grade, and mineral assemblages and textures
indicate ultra-high temperature (UHT) conditions (Harley and Hensen, 1990) Osanai et
al (1999) divided the UHT metamorphic rocks of Tonagh Island into five NW-dipping
lithologic and structural units (I to V) that are bounded by thrust-shear zones associated
with remarkable anhydrous mylonite and later pseudotachylite-cataclasite

Lamproite dykes are NS-trending, subvertical thin sheets which crop out 1n the
southeast part of Tonagh Island (Fig 1). Scattered outcrops and float could be followed
in a north-south direction for 04km, more float was found 14 km further north
Individual bodies range from a few centimeters to one meter 1n thickness and up to several
meters 1n length (Fig 2a) The sheets cut the NE-trending gneissosity 1n the host rock at
high angles and are finer grained at their contacts At locality EG99011413 (Fig. 1),a 15
cm thick vein of lamproite has metasomatized the host orthopyroxene-plagioclase granulite
1n a zone from 3 to 7 mm thick where bundles of richterite have totally replaced ortho-
pyroxene and an unidentified platy to plumose phase has partially replaced plagioclase
Other metasomatic minerals are green aegirine-augite and K-feldspar, some of which shows
tartan twinning (microcline), zoning or anomalous 1interference colors (Fig 2b)

3. Petrology and mineralogy

The lamproite 1s holocrystalline and ranges from medium to dark green Textually,
it 1s highly variable, some hand specimens contain spangles of biotite, others have centi-
meter scale layering defined by variations in grain size and proportion of minerals. Biotite
grains up to 2 cm, feldspar megacrysts and autoliths up to 1 5 cm X 3 cm are present locally

The lamproite consists dominantly of microcline, potassic richterite and apatite, and
grain size 1s mostly between 0 1 and 3 mm (Fig 2c) Biotite 1s a major constituent in some
specimens and 1s present in all (Fig 2d), trace amounts of quartz are present in most
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Fig 1

Location map and geological map of Tonagh Island A Location map of Tonagh
Island n the western Enderby Land, East Antarcica (1) Schirmacher Huls, (2)
S¢r Rondane Mountains, (3) Yamato-Belgica Complex, and (&) Prince Charles
Mountains B Geological map of southern Tonagh Island (modified after Osanat
et al, 1999) showing locality of lamproite dykes
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Fg 2 Lamprozte from southeast part of Tonagh Island (a) Close up of lamproite dyke
in felsic gneiss (b) Photomicrograph of the secondary aegirine-augite in the host
orthopyroxene-plagioclase granulite near a vein of the lamproite (EG99011413)
Plane polarized hght (c) Photomicrograph of biotite-poor lamproite (TM990113-
0IF) Plane polarized hght (d) Photomicrograph of margin of biotite-bearing
lamproite (TM990113-01D) with host quartzofeldspathic gneiss Plane polarized
hght Aeg aegirne-augite, Ap apatite, Bt biotite, Mc microcline, Rt richterite

Rounded titanite and small rutile grains are relatively abundant  Carbonate, zircon and
monazite also occur as accessory minerals Microcline grains typically show the character-
1stic tartan twinning as well as fine zoning and anomalous interference colors, the last 1s
probably due to the relatively high Fe,O; content (see below) Subhedral biotite, potassic
richterite and apatite grains are surrounded by small microcline grains Fine dusty
inclusions are present in the cores of potassic richterite  Some biotite crystals are mantled
by potassic richterite coronas Potassic richterite and microcline become finer-grained
toward the margins of the lamproite dykes, whereas biotite and apatite do not (Fig 2d)
Autoliths consist largely of the same minerals as the host dyke rock, but are coarser grained,
barite 1s present in one such autolith (sample EG99011605B) Minerals characteristic of
many other lamproites, such as Al-poor diopside, leucite, K-Ba-T1 oxides and K-Ti1-Zr
silicates (Mitchell and Bergman, 1991) were not found, whereas the minerals cited by
Mitchell and Bergman (1991) as characteristically absent in lamproites overall were not
found in the Tonagh Island lamproite

Chemical compositions of constituent minerals were determined using a scanning
electron microscope (JEOL JSM-5800LV) with an energy dispersive X-ray analytical
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Table I  Average composition of biotite (a), potassic richterite (b) and alkal feldspar (c)
from biotte-bearing lamproite (TM990113-014) and botite-poor lamproite
(TM990113-01F) from Tonagh Island The parentheses show the number of
analyzed grains for each sample
(a) Biotite (b) Potassic richterite
TM990113-01A TM990113-01F TM990113-01A TM990113-01F
M(gj‘“ Sid Dev M(g?“ Std Dev "z'fj)” Std Dev “ffg‘)“ Std Dev
wt% wt%
S10, 4302 076 44 34 022 Si10, 5553 064 5508 064
Ti0, 280 035 370 011 Ti0, 033 029 038 029
AlLO, 877 025 554 023 Al,0O, 024 017 008 008
Cr,0, 022 023 054 008 Cr,0O4 016 016 001 001
FeO 14 58 097 16 28 036 FeO 1218 049 12 56 059
MnO 016 007 009 002 MnO 029 009 024 014
MgO 16 09 033 1535 014 MgO 1573 033 1529 054
Na,O 065 036 062 009 CaO 425 018 312 041
K,O 10 31 015 10 18 013 Na,O 508 013 547 039
Total 96 60 96 64 K,O 397 029 504 024
Total 97 76 9727
Cations (0=22) 0=22) °
Si 6324 0112 6569 0032 Cations (0=23) (0=23)
Ti 0309 0038 0412 0012 Si 8 069 0093 8097 0095
Al 1519 0043 0967 0040 T 0036 0031 0042 0032
Cr 0025 0026 0063 0010 Al 0041 0029 0015 0015
Fest 1792 0119 2017 0045 Ci 0018 0018 0002 0002
Mn 0020 0009 0012 0003 Fe?* 1480 0060 1544 0072
Mg 3525 0073 3391 0032 Mn 0036 0012 0030 0017
K 1933 0028 1925 0025 Mg 3408 0071 3350 0119
Na 0184 0101 0178 0026 Ca 0662 0027 0491 0065
Total 15631 15534 Na 1430 0036 1560 0111
K 0736 0054 0946 0044
""" - Total 15916 16 077
(c) Alkal feldspar
TM990113-01A TM990113-01F
“(41‘3;)“ Std Dev '\(4263)“ Std Dev
wit%
S10, 64 55 042 63 84 053
ALO, 1609 070 1560 049
Fe,O, 254 076 322 071
CaO 004 004 002 002
Na,O 080 004 046 004
K,O 16 43 022 16 46 01l
Total 100 45 99 60
Cations (O=8) (0=38)
Si 3004 0020 3004 0025
Al 0882 0038 0865 0027
Fe** 0089 0027 0114 0025
Ca 0002 0002 0001 0001
Na 0072 0003 0042 0004
K 0975 0013 0988 0007
Cation 5024 5014



Lamproite dykes 1n the Napier Complex 47

system (OXFORD Link ISIS) at Kyushu University Representative analyses of the
constituent minerals are listed in Table 1. Minerals in metasomatized granulite (Table 2)
were analyzed by MGY at the University of Maine; analysis methods are given in Grew
et al. (2000)

The peralkaline composition of the rock (see below) 1s reflected 1n the low Al,O4
contents of potassic richterite, biotite and microcline (Table 1) The amphibole 1s largely
potassic richterite (Ca> 0.5 per formula unit), but some analyses give Ca<<0 5 per formula
unit such that the average composition for TM990113-01F corresponds to potassic
magnesio-arfvedsonite  Metasomatic richterite 1s more calcic; 1t 1s noteworthy for its
relatively high F content (Table 2)  Excess S1 1n the amphibole, that 1s, S1> 8 per formula
unit, could result from assuming that all Fe 1s divalent when actually a substantial
proportion 1s ferric  Metasomatic aegirine-augite 1s close to 50% aegirine, 25% diopside,

Table 2 Selected analyses of metasomatic munerals
in sample EG99011413

Aeginne-augite Richtente Microcline
wt %
S10; 5252 5501 65 64
TiO, 029 014 000
AL Oy 014 053 17 83
Fe204 16 00 - 075
FeO 849 1130 -
MnO 036 033 000
MgO 414 16 62 000
CaO 986 933 000
Na,O0 738 204 063
K,0 000 105 1613
F - 148 -
Cl - 000 -
H,0 - 136 -
O=F, Cl - -062 -
Total 9918 98 57 100 98
Cations (0=6) (0=23) (0=8)
Si 2032 7991 3013
T 0009 0015 0000
Al 0006 0091 0 965
Fe3+ 0466 - 0026
Fe?+ 0275 1373 -
Mn 0012 0 041 0000
Mg 0239 3 600 0000
Ca 0409 1452 0000
Na 0553 0575 0056
K 0000 0195 0944
Total cations 4000 15 333 5004
Anions
F - 0681 -
cl - 0000 -
OH - 1319 -
Total anions - 2000 -

*Fe,0,/FeO ratio of aegirine-augite was calculated assuming
O=6 and sum cations=4 For richterite, all Fe assumed to
be FeO and H,O calculated from F+CI+OH=2 For
mucrocline, all Fe assumed to be Fe,O,
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and 25% hedenbergite in composition The presence of tetrahedral Fe** in biotite 1s
suggested by the deficiency 1n total tetrahedral cations (S1+ Al<8 per formula unit) Its
presence 1s more certain in microcline, both igneous (Table 1) and metasomatic (Table 2),
in which up to 0114 Fe®* substitutes for Al  Anomalous 1nterference colors could be
characteristic of ferrian microcline, Grew et al (1994) reported such anomalous colors 1n
a metamorphic K-feldspar containing 0084-0222 Fe3* per formula unit

The microcline 1in lamproite from Tonagh Island has a higher Fe,O, than most alkali
feldspar except sanidine 1n volcanic rocks (e.g , Deer et al , 1963)  Smuth (1974) suggested
that the Fe content of alkali feldspars correlates with the temperature of equilibration, and
that Fe would be expelled from the feldspar during slow cooling Possibly the cooling
rate of the lamproite was sufficiently rapid for alkali feldspar which originally crystallized
as ferrian sanidine and then 1nverted to microcline did not expel Fe

The titanium-rich composition of the rock s reflected in the relatively high T10,
contents of biotite However, potassic richterite and potassic arfvedsonite contain much
less T1O, than the 2-9 wt% typical of lamproite amphiboles (Mitchell and Bergman, 1991)
It 1s possible that amphiboles in the Tonagh Island lamproite were depleted 1n T1 during
cooling when sanidine inverted to microcline, and the Ti released thereby was incorporated
n rutile and titanite

4. Geochemistry

Whole rock compositions of the five samples collected by TM (TM990113-01A, B, C,
D and F) were determined by X-ray fluorescence spectrometry (XRF Rigaku-GF3063P)
at Kyushu University Whole rock compositions of eight samples collected by ESG
(prefix EG9901-) were determined by the following methods at the Australian National
University (1) XRF using glass discs-S1, T1, Al, total Fe, Mn, Mg, Ca, Na, K, P, S, Cl,
(2) XRF using pressed powders-Y, Zr, Nb, Cs, Hf, Ta, La, Ce, Pr, Nd, Th, U, Sc, V, Ni,
Cu, Zn, Ga, Ge, As, Se, Br, Nb, Mo, Ag, Cd, In, Sn, Sb, Te, I, Tl, Pb, Bi, Cr, Rb, Sr, Ba,
(3) CO,, H,0(—) and H,O(+ ) were analyzed using a Leco combustion furnace under an
N, atmosphere, the temperature was increased up to 120°C to determine the H,O(—) and
then to 1040°C to obtain the H,O(+) and CO,, (4) Fe?* was done by wet chemistry acid
digestion followed by dichromate titration The remaining elements were measured at
Analabs, Perth, Western Australia as follows (1) inductively coupled plasma mass
spectrometry (ICP-MS) for Li, Be, (2) inductively coupled plasma atomic emission
spectrometry (ICP-AES) for B, and (3) 1on sensitive electrode for F

Major and trace element compositions of the lamproites are given Tables 3 and 4
The Tonagh Island lamproites are heterogeneous, especially sample EG99011605 (a and b
are parts of a larger piece), which differs markedly from the other samples This sample
1s finer-grained and contains more biotite than the other samples, part 1605b contains
barite  These mineralogical differences are reflected in the substantially higher F, S. Ti,
Rb, Ba and Cs, and lower Na and Si, other compositional differences include higher Cr,
N1, Nb and Te, and lower Y

The Tonagh Island lamproites all have the distinctive chemical features of lamproites
1n general as summarized by Rock (1991, Table 5 1) and Mitchell and Bergman (1991), e.g ,
Niggh mg (0 50-0 72), Niggh k (076-0 87), molar K,0/Na,O ratio (3 21-6 66) and molar
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Table 3 Major elements compositions (wt%) of lamproites from Tonagh Island

TM9901 TM9901 TM9901 TM9901 TM990I EG9901 EG9901 EG9901 EG9901 EG990I EG9901 EG9901 EG9901

13-01A 13-01B 13-01C 13-01D 13-01F 1202 1205 1206 1301 1302 1510  1605a  1605b

SiI0, 5753 5736 5583 5740 5444 5368 5109 5443 5466 5279 5315 4766 4774
TiO; 187 193 234 236 240 218 274 214 234 260 250 495 493
ALO3 905 915 1015 921 821 841 841 926 819 766 8 88 841 852
Fe,03* 612 586 509 561 640 342 283 318 342 363 324 314 316
FeO 269 279 208 269 302 260 177 179
MnO 012 012 010 012 011 013 009 009 010 012 012 007 007
MgO 521 523 559 535 619 608 722 564 526 610 531 812 809
Ca0 519 536 476 509 548 623 683 575 541 586 585 531 515
Na;0 170 171 162 144 193 194 145 181 166 193 134 103 108
K,0 1043 1049 1166 1080 1018 944 952 1030 956 933 940 1045 1046
P,05 287 299 284 282 312 291 421 308 266 283 268 330 329
Co, 037 011 026 155 144 221 0389 074
H,0(-) 013 017 019 024 023 031 023 022
H,0(+) 033 044 032 043 047 062 068 067
F 119 129 106 090 105 077 144 133
S 001 002 002 003 005 013 038 036
=F, Cl,S 051 -056 -046 039 -047 039 -080 -074
Total 10009 10020 9996 10020 98 47 9965 9969 10023 9974 9986 10008 9958 9937

*For samples TM990113-01A, B, C, D and F, total iron as Fe,O,

K,0/Al,O; ratio (1 15-135) all fit the criteria cited by Mitchell and Bergman (1991) for
recognition of lamproite  Noteworthy deviations from the average composition that Rock
(1991) gave are even greater enrichment 1n the Tonagh Island lamproite of K,O, P,Os, F,
Cl], L1, and the incompatible elements Sr, Zr, La, Ce, Pr, Pb and U; Na,O and Y are also
higher However, T10,, MgO, H,O and the compatible trace elements Cr and N1 are
lower: Ba 1s less enriched, except that the T10,, Cr, N1 and Ba contents in 1605a and 1605b
are closer or exceed the averages cited by Rock (1991) In terms of the CaO-Al,O,
diagram of Foley et al (1987) (Fig 3), the Tonagh Island lamproites plot in the field of
Group I lamproaites, which have the highest concentrations of incompatible trace elements
A spidergram of primitive mantle normalized incompatible element abundances (Fig 4)
shows negative spikes for Nb-Ta, Sr and P that are characteristic of Group I (Foley et al ,
1987). However, depletion 1in Y 1s less than for typical GroupI ultrapotassic rocks F
concentrations exceed the maximum amounts cited by Foley et a/ (1986) for Group I (08
wt%) and by Rock (1991) for lamproites (09 wt%), whereas Cl concentrations are among
the higher values cited by Rock (1991)

The Priestley Peak lamproite shows many of the distinctive features noted above for
the Tonagh Island lamproite ~ Although 1t 1s not so enriched in Rb, Nb, La, Ce and Pb,
1t 1s even more enriched in S and Ba, which 1s consistent with the presence of 1 modal%
barite (Sheraton and England, 1980) The Hydrographer Islands lamproite differs from
the Priestley Peak and Tonagh Island lamproaites in containing more S10,, Al,O; and total
Fe oxide but less P,O;, Rb, Sr, Zr and Pb, which could explain the presence of aegirine-
augite (Sandiford and Wilson, 1983) Lamproites from both localities are rich in Cl,
averaging nearly 400 ppm, but no F data were given

Concentrations of the light lithophile elements Be and B are not often given for
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Table 4  Mimnor elements abundances (ppm) of lamproites from southeastern Tonagh Island

TM9901 TM9901 TM9901 TM9901 TM9901

EG9901 EG9901 EG9901 EG9901 EG9901 EG9901 EG9901 EG9901

13-01A 13-01B 13-01C 13-01D 13-01F 1202 1205 1206 1301 1302 1510 1605a 1605b
L 1055 187 541 264 35 618 243 231
Be 119 124 66 152 185 114 94 100
B 30 30 24 20 30 <20 28 26
Cl 264 220 215 117 200 225 319 314
S 136 160 168 264 521 1258 3789 3564
Sc 26 24 26 24 24 24 16 16
\Y 116 114 68 92 126 76 98 94
Cr 126 111 139 125 207 188 232 158 160 224 138 416 428
N1 1664 1998 1449 1462 1938 1204 3393 3452
Cu 396 1157 490 921 922 781 690 673
Zn 1309 1084 80 1075 137 843 891 878
Ga 45 14 8 156 16 0 113 16 8 16 8 154
Ge 04 09 18 11 19 <06 <06 05
As 45 20 42 14 20 10 <09 <l
Se <04 <03 <03 <04 05 <04 06 <04
Br 17 14 31 11 19 17 08 18
Rb 321 313 353 363 266 2825 3201 2977 2635 2525 2804 4787 4586
Sr 2331 2399 2788 2643 2642 2374 3306 2423 2506 2547 2976 2505 2469
Y 156 158 816 111 587 777 421 750 399 343 444 189 180
Zr 1175 1388 1690 1310 1570 1710 1860 2130 2400 2380
Nb 127 112 254 820 150 919 890 917 1122 1511 972 1985 209 1
Mo 08 09 21 15 07 19 40 24
Ag 03 03 02 <01 <02 <02 <03 <03
Cd <01 <01 <02 <01 <02 <02 06 06
Sn 58 44 34 55 50 87 106 105
In <02 <02 <02 <02 <02 <02 10 11
Sb <01 <01 <02 <01 <02 <02 26 25
Te <03 <03 <03 <03 <03 <03 106 98
I <05 <05 <05 <06 <07 <07 <18 <17
Cs <06 <06 <07 <07 <08 <09 156 135
Ba 931 815 1191 1737 2901 3376 13359 12992
La 274 298 510 272 242 286 272 282
Ce 8281 7748 1146 6252 5389 7012 5995 624
Pr 1242 1011 1520 768 676 1015 1383 1354
Nd 380 325 405 245 225 300 195 195
Hf 492 340 424 413 509 536 596 619
Ta 45 61 52 53 <5 7 91 119
Tl 13 23 23 15 20 25 18 27
Pb 400 48 76 92 200 90 66 78
Bi 29 15 14 20 21 23 27 20
Th 13 13 33 52 26 145 28 69
U 10 13 37 17 14 16 8 8

potassic and ultrapotassic rocks on account of difficulties of their analyses (eg Sheraton
and England, 1980, Thompson and Fowler, 1986, Pognante, 1990, Vaselli and Conticelli,
1990, Arima and Shiraishi, 1993, Kononova et al, 1997, Miller et al, 1999) Rock
(1991) reported only six Be and no B analyses for lamproites (c¢f* 524 analyses for Li, 846
analyses overall) and gave an average of 6 ppm Be for lamproite = However, 3-33 ppm Be
were reported 1n West Kimberley, Australia, lamproites (Mitchell and Bergman, 1991) and
9-21 ppm Be 1n ultrapotassic volcanic rocks in SW Tibet (Miller et al, 1999) Reported
B contents are comparable to those reported here 4-54 ppm B in lamproite and rocks of
lamproitic affinity from central Italy (Vaselli and Conticelli, 1990) and 1-31 ppm B in
Francis and West Kimberley lamproites (Mitchell and Bergman, 1991)  Be 1s enriched 1n
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Fig 3 Ca0-ALO; discrimination diagram for ultrapotassic igneous rocks after Foley et al
(1987) Lamprottes from Enderby Land and southern Prince Charles Mountains
(solhid symbols) are all plotted in the Group I field Used data are compiled from
Sheraton and England (1980), Sheraton (1985), Sandiford and Wilson (1986) and
Mikhalsky et al (1992) Potassic and ultrapotassic rocks from Eastern Queen Maud
Land (open symbols) are Al-enriched and plotted mainly n the transitional area
between Groups I and III (e Group IV) on the same discrimination diagram (Data
for Queen Maud Land are compiled from Kopma et al, 1982, Shiraishi et al, 1983,
Sakiyama et al, 1988, Arma and Shiraishy, 1993, Oba and Shiraishi, 1994, Ilkeda
et al, 1995, Hoch and Tobschall, 1998).

the Tonagh Island lamproite by factors, respectively, of 110-308 times the primitive mantle
values calculated by Taylor and McLennan (1985), whereas B 1s enriched by factors not
exceeding 50 times these values That 1s, enrichment of Be 1s comparable to that of the
less-enriched elements such as Nb, Ta and Zr, whereas enrichment of B 1s more comparable
to that of Y

5. Geochronology

Potassic richterite, biotite, microcline and apatite were concentrated from two samples
of lamproite (TM990113-01A and F)  After crushing and the elimination of fine powder
with water, the grains were separated into non-magnetic and magnetic fractions by Frantz
1sodynamic separator Non-magnetic grains heavier than tetrabromoethene were suspend-
ed 1n methylene 10dide and separated into lighter (NM1) and heavier fractions NMI
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Fig 4 Spidergram for lamproites  Estimated primitive mantle abundances from Sun and
McDonough (1989)

consists mainly of apatite and the heavier fraction mainly of zircon and monazite
Non-magnetic grains lighter than tetrabromoethene were suspended 1n a tetrabromoethene-
acetone mixture with specific gravity of 2 60 to give the lighter fraction NM2, which consists
mainly of microcline Magnetic grains were sieved to check variation by grain size
Biotite (Bt) and potassic richterite (Rt) fractions were separated from magnetic grains of
each size class by magnetic separator and heavy liquids Complete separation of biotite
and potassic richterite was difficult because their magnetic susceptibilities and densities
overlapped and because biotite grains are mantled by potassic richterite ~ Finally, these
grains were concentrated and an attempt was made to purify by hand picking under a
binocular microscope  These grain separates were analyzed along with the rock sample
(WA and WF)

Conventional 1sotope dilution methods were applied to determine rubidium and
stronttum contents in the samples (Yanagi et al, 1988) The barium coprecipitation
method was employed for separation of stronttum Rubidium concentration was deter-
mined with a HITACHI RMUSG mass spectrometer, whereas strontium 1sotope composi-
tion and total Sr abundance were determined with JEOL JMSO5RB mass spectrometer by
measuring the 1sotope compositions of spiked samples (Yanagy, 1990)  The strontium
standard of Eimer and Amend gave the values of 87Sr/8Sr=0 7080+ 00001 (1¢) 1n this
study The decay constant for 8Rb used 1s 142X 107! year~! (Steiger and Jager, 1977)

Rb-Sr analytical data on mineral concentrates and whole rock samples are listed 1n
Table S Internal Rb-Sr 1sochrons determined from lamproite samples TM990113-01A
and -O1F by the least squares regression method (York, 1966) gave, respectively, ages of
466+4 Ma (Fig 5) and of 476+6 Ma (Fig 6) together with initial ratios of 070949+
000010 and 070966+000010 The small difference in ages between the two samples
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Table 5 Analytical data for whole rock and muneral concentrates of lamproites
TM990113-01A and TM990113-0IF from southeastern Tonagh Island

Rb(ppm) Sr(ppm)  87Rb/36Sr 87Sr/86Sr

T™M990113-01A

WholeRock (WA) 322 2331 04000 071227+7
Biotite

050<2R <071 mm (Btl) 693 290 6956 075541 +7

035 < 2R <0 50 mm (Bt2) 717 163 12 86 079512 + 18

025 <2R <0 35 mm(Bt3) 637 467 3956 073555+ 6
Richtente

0 35 <2R < 0 50 mm (Rt2) 323 1222 07645 071471 + 14

025 <2R<035mm(Rt3) 256 1340 05534 071320+ 10
Non-magneuc fraction

296 <p <3 33 (NMI) 105 9319 003250 070971 + 10

0 =260 (NM2) 430 324 4295 073660 + 10
TM990113-01F

Whole Rock (WF) 266 2642 02910 071159+ 6
Biotite

050 < 2R <071 mm (Btl) 669 781 2484 072651 +21

035 < 2R < 0 50 mm (Bt2) 670 701 2772 072851+ 14

025<2R <035 mm (Bt3) 660 112 17 27 0 82697 + 24
Richtente

050<2R <071 mm (Rtl) 288 1932 04320 071273+ 8

035 <2R <050 mm (R2) 274 1976 04022 071248+ 5

025 < 2R < 035 mm (Rt3) 114 2597 01277 071042 + 27
Non-magnetic fraction

0 =260 (NM2) 495 394 3 641 073412+ 9

*Errors given are+lo
R 1ndicates the radius of grains, p indicates the gravity of fractions
Relativg analytical errors 1n Rb and Sr concentrations are under 2% and 1%, respectively

might be related to minor alteration during annealing that disrupted the 1sotopic system 1n
mineral phases following original crystallization  Thus, the 1sochron for TM990113-01A
might date the age of this later alteration instead of original crystallization The internal
1sochron age of sample TM990113-01F 1s very close to the 482+ 3 Ma age reported by
Black and James (1983), but the latter authors calculated an initial ratio of 070852+
000007 Consequently, the lamproites at Tonagh Island and Priestley Peak can be
regarded as contemporaneous, although the difference 1n initial ratios suggests that their
sources might not have been 1dentical

6. Discussion and comparisons

The chemustry of lamproites can serve as indicators of the tectonic regimes at the time
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of emplacement. In general, lamproites are characteristic of intraplate 1gneous activity in
either old stable cratons or recently stabilized ones (e.g., Mitchell and Bergman, 1991,
Rock, 1991). In Enderby Land, lamproites have been found only in southern Amundsen
Bay and western Casey Bay, two areas of the Napier Complex with relatively abundant
intrusions of late pegmatites (e.g., Sheraton et al., 1987), one of which was dated as early
Cambrian (522 Ma; Black et al, 1983) Several such late pegmatites, which contain
beryl, tourmaline and muscovite, were discovered on Tonagh Island during field surveys by
JARE-40 (E S Grew, unpublished data) In addition, western Casey Bay was affected by
intense superimposed metamorphism and deformation at about 500 Ma (Black ez al., 1983,
Sandiford and Wilson, 1983) This spatial association of lamproites and other post-
Archean activity suggests that the zones of reactivation formed 500 Ma ago in the Napier
Complex were zones of weakness favored by post-reactivation intrusion of lamproite.

It 1s unlikely that the Enderby Land lamproites are primary magmas given that their
S10, contents exceed 50 wt%, Cr and N1 concentrations do not exceed 1000 and 500 ppm,
respectively, and mantle xenoliths are absent (Foley et al, 1987) More likely, their
compositions resulted from fractionation Details of lamproite geochemistry could shed
light on whether there 1s subducted lithosphere under the Napier Complex, that 1s, in the
present case whether the Napier Complex was near an active continental margin during
reactivation 520 Ma ago  The presence of a subducted component 1n the mantle source of
the lamproites could have left a trace element or 1sotopic signatures in the lamproites
emplaced 40 Ma afterward. Trace element data for the Napier Complex lamproites give
conflicting evidence on the nature of the mantle source For example, lamproites from
Amundsen Bay plot 1n the field of within-plate rocks in terms of Ti0, and Al,O; (Miiller
et al, 1992), whereas the Hydrographer Island lamproite plots near the boundary with
arc-related rocks (Fig 7) Nb concentrations give even more conflicting results The
high Nb contents of Tonagh Island lamproite (mostly > 100 ppm) are characteristic of areas
remote from subduction, whereas the lower Nb contents of the Priestley Peak rocks (50
ppm) plot near the field for areas closely related to subduction 1n space or time (Thompson
and Fowler, 1986) Miller et al. (1999) and Ben Othman et al (1989) cited several trace
element ratios diagnostic of subducted sediment Ce/Pb, Sr/Nd and Nb/La ratios would
be lower 1n sediment than oceanic basalts, whereas Cs/Rb, Th/Ta and Th/La ratios would
be higher. Most of the ratios measured 1n the Tonagh Island and Priestley Peak lamproite
have values consistent with an absence of sedimentary components, but Nb/La and Ce/Sr
ratios could indicate a sedimentary component (the relevant trace element data are not
available for the Hydrographer Islands) The negative anomalies for Ta, Nb and T1 on
the spidergram (Fig. 4) could indicate a subduction setting, but Rock (1991) opined that
attaching any clear genetic significance to these anomalies was still premature; Muller et
al. (1992) concluded that these anomalies were not diagnostic  In summary, Sm-Nd and
Pb 1sotope data would be needed for a more definitive discussion of the origin of the
Enderby Land lamproites

Elsewhere 1n Antarctica, lamproites in dykes at Mount Bayliss (Sheraton and
England, 1980) and in Mount Rubin (Mikhalsky et a/, 1992, 1994) in the southern Prince
Charles Mountains, MacRobertson Land are probably the ultrapotassic rock most similar
to the Enderby Land lamproites The presence of possible pseudoleucite in a much finer
grained sample from moraine at the Mount Bayliss and Mount Rubin dyke suggests
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Fig 7 Ti0, versus AL O, varation in lamproites from Enderby Land and the southern Prince
Charles Mountains (sohd symbols) and potassic to ultrapotassic igneous rocks from
Eastern Queen Maud Land (open symbols) Line separates fields of within-plate
and arc-related rocks (Muller et al, 1992) Lamproutes from Enderby Land plot in
the within-plate field, whereas Queen Maud Land potassic to ultrapotassic rocks plot
largely i the field of arc-related rocks, only a few plot in the within-plate field

shallower emplacement (Sheraton and England, 1980)

A large number of potassic and ultrapotassic intrusions have been described from
metamorphic and plutonic complexes west of Enderby Land in Eastern Queen Maud
Land the Schirmacher Hills, S¢r Rondane Mountains, Yamato-Belgica Complex and
Liitzow-Holm Complex (Fig 1) (Kojima et a/, 1982, Shiraishi et al, 1983, Sakiyama et
al , 1988, Arima and Shiraishi, 1993, Oba and Shiraishi, 1994, Ikeda et al/, 1995, Hoch
and Tobschall, 1998) Some of these potassic rocks have been metamorphosed under
greenschist- or amphibolite-facies conditions, e.g, a metamorphosed ultrapotassic dyke
giving a K-Ar whole-rock age of 434 6+21 7 Ma at Innhovde, Lutzow-Holm Bay (Arima
and Shiraishi, 1993) The host rock at Innhovde, an orthogneiss, gave a 550+ 12 Ma
206Ph /2381 age as well as 900-1000 Ma 2°7Pb/2%Pb ages using SHRIMP on zircon (Shirai-
shi et al, 1992,1994) These intrusions were regarded as products of post-orogenic
magmatism originating from a mantle source after the peak of metamorphism (Arima and
Shiraishi, 1993, Ikeda et al, 1995) Arnma and Shiraish1 (1993) suggested that this late
Neoproterozoic to Cambrian orogeny and associated magmatism, in Eastern Queen Maud
Land were related to the amalgamation of east and west Gondwana
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Overall, the temporal and spatial relationships between lamproite intrusion and zones
of Cambrian reactivation of the Napier Complex are similar to those between ultrapotassic
1gneous activity and Pan-African deformation and metamorphism in Eastern Queen Maud
Land This suggests that the effects of the amalgamation of east and west Gondwana 1n
Antarctica extended eastward to Enderby Land
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