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Abstract: Lampro1te dykes, discovered durmg JARE-40, form NS-trendmg, 

subvert1cal sheets over a 2 km distance m southeastern Tonagh Island They 

range from a few centimeters to one meter m thickness and up to several meters 

m length The lamprmte 1s holocrystallme and consists dommantly of feman 

m1croclme, potass1c nchtente, b1ot1te and apatite, trace amounts of quartz are 

often present Gram size 1s generally O 1 to 3 mm The lampro1te 1s noteworthy 

for its very high contents of K20 (9 33-11 66 wt%), P 205 (2 66-4 21 wt%), Be (7-

19 ppm), F (0 77-1 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 Al203 (7 66-10 15 wt%) and N a20 (1 03-

1 95 wt%) Rb-Sr mternal 1sochrons define ages of 466±4 Ma and 476±6 Ma 

and m1t1al rat10s of O 70949±0 00010 and O 70966±0 00010, respectively The 

small difference m age between the two samples might be related to mmor 

alterat10n followmg ongmal crystallization Lampro1tes at all three localities 

have mtruded areas where the Archean Napier Complex was reactivated 500 Ma 

ago by pegmat1te activity and by supenmposed amph1bolite-fac1es metamorphism 

and deformat10n Overall, the temporal and spatial relat10nsh1ps between lam

pro1te mtrus10n and zones of late-Proterozoic to Cambnan react1vat10n of the 

Napier Complex are s1m1lar to those between ultrapotass1c igneous act1v1ty and 
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Pan Afncan deformation and metamorphism m Eastern Queen Maud Land 

This suggests that the effects of the amalgamation of east and west Gondwana 

extended eastward m Antarctica from Queen Maud Land to Enderby Land 

key words lampro1te, Enderby Land, Rb-Sr geochronology, magma ongm, Pan 

Afncan 

1. Introduction 

Smee 1996 the Japanese Antarctic Research Expedit10n (JARE) has been carrymg out 

the proJect "SEAL" (Structure and Evolut10n of east Antarctic Lithosphere), which 1s an 

mvestigat10n of the geology of the Napier Complex m Enderby Land with the overall aim 

of understandmg the crustal evolut10n of the Precambrian shield of East Antarctica For 

this purpose, field parties of JARE-38 and -39 earned out detailed geological surveys of 

Mount R11ser-Larsen and Tonagh Island (Ishizuka et al, 1998, Osanai et al, 1999) 

Dunng a geological survey by JARE-40, dykes of lampr01te (as defined by Foley et al, 

1987, Mitchell and Bergman, 1991, Rock, 1991, Foley, 1992, Woolley et al, 1996) were 

discovered m the southeastern part of T onagh Island m Amundsen Bay 

Elsewhere m Enderby Land, lampro1te dykes have been descnbed from Pnestley Peak 

and from the Hydrographer Islands, respectively, 5 km south and 70 km southwest of 

Tonagh Island Field relat10nsh1ps and geochronological data show that these lampro1tes 

are unmetamorphosed igneous rocks post-datmg the Archean metamorphism of the Napier 

Complex The Pnestley Peak dyke cuts the youngest, unmetamorphosed mafic dykes 

(Amundsen dykes) and consists pnmanly of potassic magnes10-arfvedsomte, b10t1te, fem an 

m1croclme, apatite, quartz, and mmor rutile, t1tamte and bante (Sheraton and England, 

1980, Sheraton et al, 1987) A Rb-Sr isochron of whole-rock and mmeral samples from 

this dyke gave an age of 482± 3 Ma and an 1mtial rat10 of O 70852±0 00007 (Black and 

James, 1983) Dykes on the Hydrographer Islands contam nchtente, aegmne-aug1te and 

bante, and cut shear zones and late (Cambnan) pegmat1te, but these dykes have not been 

dated (Sandiford and Wilson, 1983, 1986) 

In general, potassic and ultrapotass1c magmas occur m a wide range of tectomc 

settmgs, and several models have been proposed for the1r genesis on the basis of trace 

element and isotope geochemistry (e g, Foley et al, 1987, Foley, 1992, Robert et al, 

1992) Sheraton et al (1987) suggested that emplacement of lampr01tes m Enderby Land 

and the southern Pnnce Charles Mountams was associated with faultmg which was an 

early mamfestat1on of the nftmg processes that ultimately resulted m the break up of 

Gondwana 
We report here petrographic and geochemical charactenstics of lamproite dykes from 

Tonagh Island, compare our results with the compos1t10ns of other potass1c and ultrapotas

sic rocks, and suggest a tectomc model 

2. Geological setting 

Bedrock exposures m Enderby Land consist pnmanly of high-grade metamorphic 

rocks Kamenev (1972, 1975) d1stmgmshed the Napier Complex from the Rayner Com-



Lampro1te dykes m the N ap1er Complex 43 

plex on the basis of its higher metamorphic grade, and mferred that the higher-grade Napier 

Complex was older than the lower-grade Rayner Complex This sequence has been 

confirmed by subsequent geochronolog1cal studies (e.g., Williams et al, 1984; Black and 

James, 1983, Black et al, 1983; Sheraton et al., 1987, Tamosho et al, 1997), which 

md1cate that the Napier Complex 1s Archean crust 2 5-3.0 Ga m age (with some compo

nents as old as 3 8 Ga), whereas the Rayner Complex was metamorphosed at 1 0  Ga and 

later (e.g, Black et al., 1987) In add1t10n, Sheraton et al (1980, 1987) observed that the 

unmetamorphosed Amundsen (dolerite) dykes mtersect the Napier Complex, whereas the 

Rayner Complex contams only the metamorphosed rehcs of such dykes, they also d1stm

gmshed the complexes on this basis The dykes, which range m age from 2 35 to 1 20 Ga, 

constitute part of a Proteroz01c igneous provmce extendmg over much of southern Africa 

and parts of formerly contiguous parts of East Antarctica (Sheraton and Black, 1981, 

Hanson et al, 1998). Localized pegmat1tes of late Proteroz01c 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 underlam by granuhte-fac1es metamorphic rocks such as 

orthopyroxene-bearing fels1c orthogne1ss, paragne1ss, and mafic granuhte of the N ap1er 

Complex. They are cut by several smtes of mafic mtrus1ve rocks, both metamorphosed 

and unmetamorphosed T onagh Island and nearby exposures m Amundsen Bay he 

w1thm the area of highest metamorphic grade, and mmeral assemblages and textures 

md1cate ultra-high temperature (UHT) cond1t10ns (Harley and Hensen, 1990) Osanai et 

al (1999) d1v1ded the UHT metamorphic rocks of Tonagh Island mto five NW-d1ppmg 

htholog1c and structural umts (I to V) that are bounded by thrust-shear zones associated 

with remarkable anhydrous mylomte and later pseudotachyhte-cataclas1te 

Lampro1te dykes are NS-trendmg, subvert1cal thm sheets which crop out m the 

southeast part of Tonagh Island (Fig I). Scattered outcrops and float could be followed 

m a north-south direct10n for O 4 km, more float was found 1 4 km further north 

Ind1v1dual bodies range from a few centimeters to one meter m thickness and up to several 

meters m length (Fig 2a) The sheets cut the NE-trendmg gne1ssos1ty m the host rock at 

high angles and are finer gramed at their contacts At locality EG99011413 (Fig. 1), a 1 5 

cm thick vem of lampr01te has metasomat1zed the host orthopyroxene-plag10clase granuhte 

m a zone from 3 to 7 mm thick where bundles of richterite have totally replaced ortho

pyroxene and an umdent1fied platy to plumose phase has partially replaced plag10clase 

Other metasomat1c mmerals are green aegmne-aug1te and K-feldspar, some of which shows 

tartan twmnmg (m1croclme), zonmg or anomalous mterference colors (Fig 2b) 

3. Petrology and mineralogy 

The lampro1te 1s holocrystallme and ranges from medmm to dark green Textually, 

1t 1s highly variable, some hand specimens contam spangles of b10t1te, others have centi

meter scale layermg defined by variat10ns m gram size and proport10n of mmerals. B10tite 

grams up to 2 cm, feldspar megacrysts and autohths up to 1 5 cm X 3 cm are present locally 

The lampro1te consists dommantly of m1croclme, potass1c richterite and apatite, and 
gram size 1s mostly between O 1 and 3 mm (Fig 2c) B10t1te 1s a maJor constituent m some 

specimens and 1s present m all (Fig 2d), trace amounts of quartz are present m most 
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Fzg l Locatzon map and geologzcal map of Tonagh Island A Locatzon map of Tonagh 
Island in the western Enderby Land, East Antarctzca CD Schzrmacher Hzlls, @ 
S¢r Rondane Mountains, @ Yamato-Belgzca Complex, and @ Pnnce Charles 
Mountains B Geologzcal map of southern Tonagh Island (modified after Osanaz 
et al, 1999) showmg localzty of lamprozte dykes 
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Fzg 2 Lamprozte from southeast part of Tonagh Island (a) Close up of lamprozte dyke 
zn felszc gnezss (b) Photomicrograph of the secondary aegzrzne-augzte zn the host 
orthopyroxene-plagzoclase granulzte near a vezn of the lamproite (EG99011413) 
Plane polanzed lzght (c) Photomicrograph of bzotzte-poor lamprozte (TM990113-
0 IF) Plane polarzzed lzght ( d) Photomicrograph of margzn of bzotzte-bearzng 
lamprozte (TM990113-0ID) wzth host quartzofeldspathzc gnezss Plane polarzzed 
lzght Aeg aegzrzne-augzte, Ap apatite, Bt bzotzte, Mc mzcroclzne, Rt rzchterzte 

45 

Rounded t1tamte and small rutile grams are relatively abundant Carbonate, z1rcon and 

monaz1te also occur as accessory mmerals M1croclme grams typically show the character-

1st1c tartan twmnmg as well as fine zonmg and anomalous mterference colors, the last 1s 

probably due to the relatively high Fe203 content (see below) Subhedral biotite, potassic 

nchtente and apatite grams are surrounded by small microclme grams Fme dusty 

mclus10ns are present m the cores of potassic nchtente Some b10t1te crystals are mantled 

by potassic nchtente coronas Potassic nchtente and microclme become finer-gramed 

toward the margms of the lampro1te dykes, whereas b10t1te and apatite do not (Fig 2d) 

Autohths consist largely of the same mmerals as the host dyke rock, but are coarser gramed, 

bante 1s present m one such autohth (sample EG99011605B) Mmerals charactenst1c of 
many other lampro1tes, such as Al-poor d10ps1de, leuc1te, K-Ba-T1 oxides and K-Ti-Zr 

silicates (Mitchell and Bergman, 1991) were not found, whereas the mmerals cited by 

Mitchell and Bergman (1991) as charactenst1cally absent m lamproites overall were not 

found m the Tonagh Island lampro1te 

Chemical compositions of constituent mmerals were determmed usmg a scannmg 

electron microscope (JEOL JSM-5800L V) with an energy dispersive X-ray analytical 
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Table 1 Average composztzon of bzotzte (a), potasszc rzchterzte (b) and alkalz feldspar (c) 
from bzotzte-bearzng lamprozte (TM990113-0IA) and bzotzte-poor lamprozte 
(TM990ll3-01F) from Tonagh Island The parentheses show the number of 
analyzed grams for each sample 

(a) B1ot1te (b) Potass1c nchtente 
TM990113-0IA TM990113-0l F TM990113-0IA TM990113-01 F 

Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev (9) (3) (14) (16) 
wt% wt% 
S102 43 02 0 76 44 34 0 22 S102 55 53 0 64 55 08 0 64 
T102 2 80 0 35 3 70 0 11 T102 0 33 0 29 0 38 0 29 
Al203 8 77 0 25 5 54 0 23 Al203 0 24 0 17 008 008 
Cr20 3 0 22 0 23 0 54 008 Cr203 0 16 0 16 001 001 
FeO 14 58 0 97 16 28 0 36 FeO 12 18 0 49 12 56 0 59 
MnO 0 16 007 009 002 MnO 0 29 009 0 24 0 14 
MgO 1609 0 33 15 35 0 14 MgO 15 73 0 33 15 29 0 54 
Na20 0 65 0 36 0 62 009 CaO 4 25 0 18 3 12 0 41 
K20 IO 31 0 15 10 18 0 13 Na20 5 08 0 13 5 47 0 39 
Total 96 60 96 64 K 20 3 97 0 29 5 04 0 24 

Total 97 76 97 27 
Cations (0=22) (0=22) "{ 
S1 6 324 0 112 6 569 0032 Cat10ns (0=23) (0=23) 
TI 0 309 0038 0 412 0012 S1 8 069 0093 8 097 0095 
Al I 519 0043 0 967 0040 T1 0036 0031 0042 0032 
Cr 0025 0026 0063 0010 Al 0041 0029 0015 0015 
Fe2+ I 792 0 I 19 2017 0045 C1 0018 0018 0002 0002 
Mn 0020 0009 0012 0003 Fe2+ 1 480 0060 I 544 0072 
Mg 3 525 0 073 3 391 0032 Mn 0036 0012 0030 0017 
K I 933 0028 I 925 0025 Mg 3 408 0071 3 350 0 I 19 
Na 0 184 0 101 0 178 0026 Ca 0 662 0027 0 491 0065 
Total 15 631 15 534 Na I 430 0036 I 560 0 111 

K 0 736 0054 0 946 0044 
Total 15 916 16077 

(c) Alkali feldspar 
TM990113-0IA TM990113-01 F 

Mean Std Dev Mean Std Dev ( 12) (20) 
wt% 
S102 64 55 0 42 63 84 0 53 
Al20, 16 09 0 70 15 60 0 49 
Fe201 2 54 0 76 3 22 0 71 
CaO 004 004 002 002 
Na20 0 80 004 0 46 004 
K 20 16 43 0 22 16 46 0 I I 
Total 100 45 99 60 

Cations (0=8) (0=8) 
S1 3 004 0020 3 004 0025 
Al 0 882 0038 0 865 0027 
Fe3

" 0089 0027 0 114 0025 
Ca 0002 0002 0001 0001 
Na 0072 0003 0042 0004 
K 0 975 0013 0 988 0007 
Cation 5 024 5 014 
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system (OXFORD Lmk ISIS) at Kyushu Umvers1ty Representative analyses of the 

constituent mmerals are hsted m Table 1. Mmerals m metasomat1zed granuhte (Table 2) 

were analyzed by MGY at the Umvers1ty of Mame; analysis methods are given m Grew 

et al. (2000) 

The peralkalme compos1t10n of the rock (see below) 1s reflected m the low Al203 

contents of potass1c nchtente, b10t1te and m1croclme (Table 1) The amph1bole 1s largely 

potass1c nchtente (Ca>0.5 per formula umt), but some analyses give Ca<O 5 per formula 

umt such that the average compos1t10n for TM990113-01 F corresponds to potass1c 

magnes10-arfvedsomte Metasomat1c nchtente 1s more calc1c; 1t 1s noteworthy for its 

relatively high F content (Table 2) Excess S1 m the amph1bole, that 1s, S1>8 per formula 

umt, could result from assummg that all Fe 1s divalent when actually a substantial 

proport10n 1s femc Metasomatlc aegmne-aug1te 1s close to 50% aegmne, 25% d10ps1de, 

Table 2 Selected analyses of metasomatzc minerals 
in sample EG99011413 

wt% 
S10i 

T10i 

Al203 
Fe203 
FeO 
MnO 
MgO 

CaO 
Na20 
K20 
F 
Cl 
H20 
O=F,Cl 
Total 

Cat10ns 
S1 
T1 

Al 

Fe3+ 

Fe2+ 

Mn 
Mg 
Ca 
Na 
K 
Total cations 

Amons 
F 
Cl 
OH 
Total amons 

Aegmne-aug1te Richtente 

52 52 
0 29 
0 14 

16 00 
8 49 
0 36 
4 14 
9 86 
7 38 
0 00 

99 18 

(0=6) 
2 032 
0 009 
0 006 

0 466 

0 275 
0 012 
0 239 
0 409 
0 553 
0 000 
4 000 

55 01 
0 14 
0 53 

11 30 
0 33 

16 62 
9 33 
2 04 
1 05 

1 48 
0 00 
1 36 

-0 62 
98 57 

(0=23) 
7 991 
0 015 
0 091 

1 373 
0 041 
3 600 
1 452 
0 575 
0 195 

15 333 

0 681 
0 000 
1 319 
2 000 

Microclme 

65 64 
0 00 

17 83 
0 75 

0 00 
0 00 
0 00 
0 63 

16 13 

100 98 

(0=8) 
3 013 
0 000 
0 965 

0 026 

0 000 
0 000 
0 000 
0 056 
0 944 
5 004 

*Fe203/Fe0 ratio of aegmne-aug1te was calculated assummg 

0=6 and sum cat10ns=4 For nchtente, all Fe assumed to 

be F eO and H20 calculated from F +Cl+ 0 H = 2 For 

m1croclme, all Fe assumed to be Fe203 
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and 25% hedenbergite m composit10n The presence of tetrahedral Fe3+ m b10tite 1s 

suggested by the deficiency m total tetrahedral cat10ns (S1 +Al< 8 per formula umt) Its 

presence 1s more certam m microclme, both igneous (Table 1) and metasomat1c (Table 2), 

m which up to O 114 Fe3+ substitutes for Al Anomalous mterference colors could be 

charactenst1c of feman microclme, Grew et al (1994) reported such anomalous colors m 

a metamorphic K-feldspar contammg O 084-0 222 Fe3 + per formula umt 

The m1croclme m lampro1te from Tonagh Island has a higher Fe203 than most alkali 

feldspar except samdme m volcamc rocks (e.g, Deer et al, 1963) Smith (1974) suggested 

that the Fe content of alkali feldspars correlates with the temperature of eqmhbrat10n, and 

that Fe would be expelled from the feldspar durmg slow coolmg Possibly the coolmg 

rate of the lampro1te was sufficiently rapid for alkali feldspar which ongmally crystallized 

as feman samdme and then mverted to microclme did not expel Fe 

The t1tanmm-nch composit10n of the rock 1s reflected 111 the relatively high T102 

contents of b10t1te However, potass1c nchtente and potass1c arfvedsomte conta111 much 

less T102 than the 2-9 wt% typical of lampro1te amphiboles (Mitchell and Bergman, 1991) 

It 1s possible that amphiboles m the Tonagh Island lamproite were depleted 111 Ti durmg 

cooling when samdine mverted to m1croclme, and the T1 released thereby was mcorporated 

m rut1le and t1tamte 

4. Geochemistry 

Whole rock composit10ns of the five samples collected by TM (TM990113-0IA, B, C, 

D and F) were determmed by X-ray fluorescence spectrometry (XRF R1gaku-GF3063P) 

at Kyushu Umvers1ty Whole rock compos1t10ns of eight samples collected by ESG 

(prefix EG9901-) were determmed by the followmg methods at the Australian Nat10nal 

Umversity (1) XRF usmg glass discs-Si, Ti, Al, total Fe, Mn, Mg, Ca, Na, K, P, S, Cl, 

(2) XRF usmg pressed powders-Y, Zr, Nb, Cs, Hf, Ta, La, Ce, Pr, Nd, Th, U, Sc, V, N1, 

Cu, Zn, Ga, Ge, As, Se, Br, Nb, Mo, Ag, Cd, In, Sn, Sb, Te, I, Tl, Pb, 81, Cr, Rb, Sr, Ba, 

(3) CO2 , H20( - ) and H20( +) were analyzed usmg a Leco combust10n furnace under an 

N2 atmosphere, the temperature was mcreased up to 120
°
C to determme the H20(-) and 

then to I040
°
C to obtam the H20( +) and CO2 , (4) Fe2+ was done by wet chemistry acid 

d1gest10n followed by d1chromate t1trat10n The remammg elements were measured at 

Analabs, Perth, Western Australia as follows (1) mduct1vely coupled plasma mass 

spectrometry (lCP-MS) for L1, Be, (2) mductively coupled plasma atomic em1ss10n 

spectrometry (ICP-AES) for B, and (3) 10n sens1t1ve electrode for F 

MaJor and trace element compos1t10ns of the lampro1tes 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-gramed and contains more b10t1te than the other samples, part 1605b contams 

bante These mmeralogical differences are reflected m the substantially higher F, S. T1, 

Rb, Ba and Cs, and lower Na and Si, other composit10nal differences mclude higher Cr, 

N1, Nb and Te, and lower Y 

The Tonagh Island lamprmtes all have the d1stmct1ve chemical features of lamproites 

m general as summanzed by Rock (1991, Table 5 I) and Mitchell and Bergman (1991), e.g, 

N1ggh mg (0 50-0 72), Niggh k (0 76-0 87), molar K20/Na20 ratio (3 21-6 66) and molar 
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Table 3 Ma1or elements compos1tzons (wt%) of lamproztes from Tonagh Island 

TM9901 TM9901 TM9901 TM9901 TM9901 EG9901 EG9901 EG9901 EG9901 EG9901 EG9901 EG9901 EG9901 

1 3-0lA 1 3-0IB 1 3-0lC 13-0lD 1 3-0 lF 1202 1205 1206 1301  1 302 15 10 1605a 1605b 

s,ai 57 53 57 36 55 83 57 40 54 44 53 68 5 1  09 54 43 54 66 52 79 53 15  47  66 47 74 

T1(h 1 87 1 93 2 34 2 36 2 40 2 1 8  2 74 2 14  2 34 2 60 2 50 4 95 4 93 

Al2°-1 9 05 9 15  10 15 9 21  8 2 1  8 4 1  8 4 1  9 26 8 19  7 66 8 88 8 41 8 52 

Fe2D_i* 6 12 5 86 5 09 5 6 1  6 40 3 42 2 83 3 1 8  3 42 3 63 3 24 3 14  3 16 

FeO 2 69 2 79 2 08 2 69 3 02 2 60 1 77 1 79 
MnO 0 1 2  0 1 2  0 10  0 12  0 1 1  0 1 3  0 09 0 09 0 10  0 1 2  0 12 0 07 0 07 
MgO 5 21 5 23 5 59 5 35 6 19 6 08 7 22 5 64 5 26 6 10  5 3 1  8 1 2  8 09 
eao 5 19  5 36 4 76 5 09 5 48 6 23 6 83 5 75 5 41 5 86 S 85 5 3 1  5 1 5  

Na20 1 70 1 7 1  1 62 1 44 1 93 1 94 1 45 1 8 1  1 66 1 93 1 34 1 03 1 08 

K20 10 43 10 49 1 1 66 10 80 10 1 8  9 44 9 52 10 30 9 56 9 33 9 40 10 45 10 46 

P20s 2 87 2 99 2 84 2 82 3 1 2  2 9 1  4 2 1  3 08 2 66 2 83 2 68 3 30 3 29 

CO2 0 37 0 1 1 0 26 1 55 1 44  2 2 1  0 89 0 74 

H20 (-) 0 1 3  0 1 7  0 1 9  0 24 0 23 0 3 1  0 23 0 22 

H20 (+) 0 33 0 44 0 32 0 43 0 47 0 62 0 68 0 67 

F 1 19  1 29 1 06 0 90 1 05 0 77 1 44 1 33 

s 0 01 0 02 0 02 0 03 0 05 0 13  0 38  0 36  
O=F, C l ,  S -0 5 1  -0 56 -0 46 -0 39 -0 47 -0 39 -0 80 -0 74 
Total 100 09 100 20 99 96 1 00 20 98 47 99 65 99 69 100 23 99 74 99 86 100 08 99 58 99 37 

* For samples TM990113-01A, B, C, D and F, total iron as Fe203 

K20/ Al203 rat10 (1 15-1 35) all fit the cntena cited by Mitchell and Bergman (1991) for 

recogmt10n of lampr01te Noteworthy dev1at10ns from the average compos1t10n that Rock 

(1991) gave are even greater ennchment m the Tonagh Island lampr01te of K20, P205 , F, 

Cl, L1, and the mcompat1ble elements Sr, Zr, La, Ce, Pr, Pb and U; Na20 and Y are also 

higher However, T102 , MgO, H20 and the compatible trace elements Cr and N1 are 

lower Ba 1s less ennched, except that the T102 , Cr, N1 and Ba contents m 1605a and 1605b 

are closer or exceed the averages cited by Rock (1991) In terms of the Ca0-Al203 

diagram of Foley et al (1987) (Fig 3), the Tonagh Island lampr01tes plot m the field of 

Group I lampro1tes, which have the highest concentrat10ns of mcompat1ble trace elements 

A sp1dergram of pnm1t1ve mantle normalized mcompatible element abundances (Fig 4) 

shows negative spikes for Nb-Ta, Sr and P that are charactenstlc of Group I (Foley et al, 

1987). However, deplet10n m Y 1s less than for typical Group I ultrapotass1c rocks F 

concentrat10ns exceed the maximum amounts cited by Foley et al (1986) for Group I (0 8 

wt%) and by Rock (1991) for lamproltes (0 9 wt%), whereas Cl concentrat10ns are among 

the higher values cited by Rock (1991) 

The Pnestley Peak lampr01te shows many of the d1stmct1ve features noted above for 

the T onagh Island lampr01te Although 1t 1s not so ennched m Rb, Nb, La, Ce and Pb, 

1t 1s even more ennched m S and Ba, which 1s consistent with the presence of I modal% 

bante (Sheraton and England, 1980) The Hydrographer Islands lampro1te differs from 

the Pnestley Peak and Tonagh Island lampr01tes m contammg more S102 , Al203 and total 

Fe oxide but less P205 , Rb, Sr, Zr and Pb, which could explam the presence of aegmne

aug1te (Sandiford and Wilson, 1983) Lampr01tes from both locaht1es are nch m Cl, 

averagmg nearly 400 ppm, but no F data were given 

Concentrat10ns of the hght hthophile elements Be and B are not often given for 
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Table 4 Mznor elements abundances (ppm) of lamproztes from southeastern Tonagh Island 

TM9901 TM990 1 TM990 1 TM990 1 TM990 1 EG990 I EG990 1 EG9901 EG9901 EG990 I EG990 I EG990 I EG990 I 
1 3 -0IA 1 3 -0 IB  1 3-0 IC  1 3-0 l D  1 3 -0 I F  1 202 1 205 1 206 1 30 1  1 302 1 5 1 0  1 605a 1 605b 

L1 1 05 5 1 87 54 I 26 4 35 6 1  8 24 3 23 I 
Be 1 1  9 1 2  4 6 6  1 5  2 1 8  5 1 1  4 9 4  1 0  0 
B 30 30 24 20 30 <20 28 26 
Cl 264 220 2 1 5  1 1 7 200 225 3 1 9 3 1 4 
s 1 36 1 60 1 68 264 5 2 1  1 258 3789 3564 
Sc 26 24 26 24 24 24 1 6  1 6  
V 1 1 6 1 14 68 92 1 26 76 98 94 
Cr 1 26 I l l  1 39 1 25 207 1 88 232 1 58 1 60 224 1 38 4 1 6  428 
N1 1 66 4 1 99 8 1 44 9 1 46 2 1 93 8 1 20 4 339 3 345 2 
Cu 39 6 1 1 5 7 49 0 92 I 92 2 78 I 69 0 67 3 
Zn 1 30 9 1 08 4 89 0 1 07 5 1 37 84 3 89 I 87 8 
Ga 4 5  1 4  8 1 5  6 1 6  0 1 1  3 1 6  8 1 6  8 1 5  4 
Ge 0 4  0 9  I 8 I I I 9 <0 6 <0 6 0 5 
As 4 5  2 0  4 2  I 4 2 0 I 0 <0 9 <l  

Se <0 4 <0 3 <0 3 <0 4 0 5  <0 4 0 6 <0 4 
Br I 7 I 4 3 I I I I 9 I 7 0 8  I 8 
Rb 32 1  3 1 3  353 363 266 282 5 320 I 297 7 263 5 252 5 280 4 478 7 458 6 
Sr 233 1 2399 2788 2643 2642 2374 3306 2423 2506 2547 2976 2505 2469 
y 1 56 1 58 8 1  6 I l l  58 7 77 7 42 I 75 0 39 9 34 3 44 4 1 8  9 1 8  0 
Zr 1 175 1 388 1 690 1 3 1 0  1 570 1 7 1 0  1 860 2 1 30 2400 2380 
Nb 1 27 1 1 2 25 4 82 0 1 50 9 1  9 89 0 9 1  7 1 1 2 2 1 5 1  I 97 2 1 98 5 209 I 
Mo 0 8  0 9  2 I I 5 0 7  I 9 4 0  2 4  
Ag 0 3 0 3 0 2  <0 I <0 2 <0 2 <0 3 <0 3 
Cd <0 I <0 I <0 2 <0 I <0 2 <0 2 0 6  0 6  
Sn 5 8 4 4  3 4 5 5 5 0 8 7  1 0  6 1 0  5 
In <0 2 <0 2 <0 2 <0 2 <0 2 <0 2 I 0 I I 
Sb <0 I <0 I <0 2 <0 I <0 2 <0 2 2 6  2 5  
Te <0 3 <0 3 <0 3 <0 3 <0 3 <0 3 1 0  6 9 8  
I <0 5 <0 5 <0 5 <0 6 <0 7 <0 7 < l  8 < I  7 
Cs <0 6 <0 6 <0 7 <0 7 <0 8 <0 9 1 5  6 1 3  5 
Ba 93 1 8 1 5  1 1 9 1  1 737 290 1 3376 1 3359 1 2992 
La 274 298 5 1 0  ?72 242 286 272 282 
Ce 828 I 774 8 1 1 46 625 2 538  9 70 1 2 5 99 5 624 

Pr 1 24 2 I O I  I 1 52 0 76 8 67 6 I O I  5 1 38 3 1 35 4 

Nd 380 325 405 245 225 300 1 95 1 95 
Hf 49 2 34 0 42 4 4 1  3 50 9 53 6 59 6 6 1  9 

Ta 4 5  6 I 5 2 5 3 <5 7 9 1 1 1  9 
Tl 1 3 2 3 2 3 I 5 2 0  2 5  I 8 2 7  
Pb 400 48 76 92 200 90 66 78 

81 2 9  I 5 I 4 2 0  2 I 2 3 2 7  2 0  

Th 1 3  1 3  33 52 26 145 28 69 

u 1 0  1 3  37 17 1 4  1 6  8 8 

potass1c and ultrapotass1c rocks on account of d1fficult1es of their analyses ( e g Sheraton 

and England, 1 980, Thompson and Fowler, 1 986, Pognante, 1 990, Vasell1 and Cont1celh, 

1990, Anma and Sh1ra1sh1, 1 993, Kononova et al , 1997, Miller et al , 1 999) Rock 

(1991)  reported only six Be and no B analyses for lampro1tes (cf 524 analyses for L1, 846 

analyses overall) and gave an average of 6 ppm Be for lamprmte However, 3-33 ppm Be 

were reported m West Kimberley, Australia, lampro1tes (Mitchell and Bergman, 1991 ) and 

9-21 ppm Be m ultrapotass1c volcanic rocks m SW Tibet (Miller et al , 1999) Reported 

B contents are comparable to those reported here 4- 54 ppm B m lamprmte and rocks of 

lampro1t1c affimty from central Italy (Vaselh and Cont1celh, 1990) and 1 - 3 1  ppm B m 

Francis and West Kimberley lampro1tes (Mitchell and Bergman, 1 99 1 )  Be 1s ennched m 
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Fig 3 Ca0-A�03 dzscnmznation diagram for ultrapotassic igneous rocks after Foley et al 
(1987) Lamproites from Enderby Land and southern Prince Charles Mountains 
(solid symbols) are all plotted zn 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 maznly zn the transitional area 
between Groups I and III (z.e Group I V) on the same dzscnmznatwn diagram (Data 
for Queen Maud Land are compiled from Ko)lma et al , 1982, Shiraishi et al , 1983, 
Sakiyama et al , 1988, Anma and Shiraishi, 1993, Oba and Shiraishi, 1994, Ikeda 
et al , 1995, Hoch and Tobschall, 1998). 
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the Tonagh Island lamprmte 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 

Potass1c richterite, b10t1te, m1croclme and apatite were concentrated from two samples 

of lampro1te (TM990113-01 A and F) After crushing and the ehmmat10n of fine powder 

with water, the grams were separated mto non-magnetic and magnetic fract10ns by Frantz 

1sodynam1c separator Non-magnetic grams heavier than tetrabromoethene were suspend

ed m methylene 10d1de and separated mto lighter (NM l) and heavier fract10ns NM l 
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Fzg 4 Spzdergram for lamproztes Estzmated przmztzve mantle abundances from Sun and 
McDonough (1989) 

consists mamly of apatite and the heavier fract10n mamly of zircon and monazite 

Non-magnetic grams lighter than tetrabromoethene were suspended m a  tetrabromoethene

acetone mixture with specific gravity of 2 60 to give the lighter fract10n NM2, which consists 

mamly of microclme Magnetic grams were sieved to check vanat10n by gram size 

B10tite (Bt) and potassic nchtente (Rt) fractions were separated from magnetic grams of 

each size class by magnetic separator and heavy hqmds Complete separat10n of b10tite 

and potassic nchtente was difficult because their magnetic susceptibilities and densities 

overlapped and because b10tite grams are mantled by potassic nchtente Fmally, these 

grams were concentrated and an attempt was made to punfy by hand pickmg under a 

bmocular microscope These gram separates were analyzed along with the rock sample 

(WA and WF) 

Convent10nal isotope di lut10n methods were applied to determme rubidmm and 

strontmm contents m the samples (Yanagi et al, 1 988) The banum coprecipitat10n 

method was employed for separat10n of strontmm Rubidmm concentrat10n was deter

mmed with a HITACHI RMU5G mass spectrometer, whereas strontmm isotope composi

t10n and total Sr abundance were determmed with JEOL JMS05RB mass spectrometer by 

measunng the isotope composit10ns of spiked samples (Yanagi, 1 990) The strontmm 

standard of Eimer and Amend gave the values of 87Sr /86Sr= 0 7080± 0 0001 ( 1 6') m this 

study The decay constant for 87Rb used is 1 42 x 1 0- 1 1  year- 1 (Steiger and Jager, 1 977) 

Rb-Sr analytical data on mmeral concentrates and whole rock samples are hsted m 

Table 5 Internal Rb-Sr 1sochrons determmed from lamproite samples TM9901 1 3-0 1A 

and -O lF by the least squares regress10n method (York, 1 966) gave, respectively, ages of 

466± 4  Ma (Fig 5) and of 476± 6  Ma (Fig 6) together with imtial rat10s of O 70949± 

0 00010 and O 70966+0  000 10 The small difference m ages between the two samples 
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Table 5 Analytzcal data for whole rock and mineral concentrates of lamproztes 
TM990113-0IA and TM990113-0IF from southeastern Tonagh Island 

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

TM990113-0JA 

Whole Rock (WA) 322 2331  0 4000 0 7 1227 ± 7 

B1ot1te 

0 50 < 2R < 0 7 1 mm (Btl)  693 290 6 956 0 75541 ± 7  

0 35 < 2R < 0 50 mm (Bt2) 717 163 12 86 0 79512 ± 18 

0 25 < 2R < 0 35 mm (Bt3) 637 467 3 956 0 73555 ± 6 

Richtente 

0 35 < 2R < 0 50 mm (Rt2) 323 1222 0 7645 0 7147 1 ± 14 

0 25 < 2R < 0 35 mm (Rt3) 256 1340 0 5534 0 7 1320 ± 10 

Non-magnetic fraction 

2 96 < p < 3 33 (NMl) 105 93 19 0 03250 0 7097 1 ± 10 

p = 2 60 (NM2) 480 324 4 295 0 73660 ± 10 

TM990113-0JF 

Whole Rock (WF) 266 2642 0 2910 0 7 1 159 ± 6  

B1ot1te 

0 50 < 2R < 0 7 1  mm (Btl) 669 781 2 484 0 7265 1 ± 21 

0 35 < 2R < 0 50 mm (Bt2) 670 701 2 772 0 7285 1 ± 14 

0 25 < 2R < 0 35 mm (Bt3) 660 1 12 17 27 0 82697 ± 24 

Richtente 

0 50 < 2R < 0 7 1 mm (Rtl) 288 1932 0 4320 0 7 1273 ± 8  

0 35 < 2R < 0 50 mm (Rt2) 274 1976 0 4022 0 7 1248 ± 5 
0 25 < 2R < 0 35 mm (Rt3) 1 14 2597 0 1277 0 7 1042 ± 27 

Non-magnetic fraction 

P =  2 60 (NM2) 495 394 3 641 0 73412 ± 9 

*Errors given are± l cr  
R md1cates the radms of grams , p mdicates the gravity of fractions 
Relativ� analytical errors m Rb and Sr concentrat10ns are under 2% and l %, respectively 

might be related to mmor alterat10n dunng annealmg that disrupted the isotopic system m 

mmeral phases followmg ongmal crystalhzat10n Thus, the isochron for TM990113-0IA 

might date the age of this later alterat10n mstead of ongmal crystalhzat10n The mtemal 

1sochron age of sample TM990113-01 F 1s very close to the 482 + 3 Ma age reported by 

Black and James (1983), but the latter authors calculated an m1tial rat10 of O 70852+ 

0 00007 Consequently, the lampr01tes at Tonagh Island and Pnestley Peak can be 

regarded as contemporaneous, although the difference m 1mtial rat10s suggests that the1r 

sources might not have been 1dent1cal 

6. Discussion and comparisons 

The chemistry of lampr01tes can serve as mdicators of the tectomc regimes at the time 
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of emplacement. In general, lampro1tes are characteristic of mtraplate igneous act1v1ty m 

either old stable cratons or recently stabilized ones (e.g. , Mitchell and Bergman, 1991, 

Rock, 1991). In Enderby Land, lampr01tes have been found only m southern Amundsen 

Bay and western Casey Bay, two areas of the N ap1er Complex with relatively abundant 

mtrus10ns of late pegmat1tes (e.g. , Sheraton et al. , 1987), one of which was dated as early 

Cambrian (522 Ma; Black et al , 1983) Several such late pegmat1tes, which contam 

beryl, tourmaline and muscovite, were discovered on Tonagh Island during field surveys by 

JARE-40 (E S Grew, unpublished data) In add1t10n, western Casey Bay was affected by 

mtense superimposed metamorphism and deformat10n at about 500 Ma (Black et al. , 1983, 

Sandiford and Wilson, 1983) This spatial association of lampr01tes and other post

Archean activity suggests that the zones of react1vat10n formed 500 Ma ago m the N ap1er 

Complex were zones of weakness favored by post-react1vat10n mtrus10n of lampr01te. 

It 1s unlikely that the Enderby Land lampr01tes are primary magmas given that the1r 

Si02 contents exceed 50 wt%, Cr and Ni concentrat10ns do not exceed 1000 and 500 ppm, 

respectively, and mantle xenoliths are absent (Foley et al , 1987) More likely, their 

compos1t10ns resulted from fract10nation Details of lampr01te geochemistry could shed 

light on whether there 1s subducted lithosphere under the Napier Complex, that is, m the 

present case whether the N ap1er Complex was near an active contmental margm dunng 

react1vat10n 520 Ma ago The presence of a subducted component m the mantle source of 

the lampr01tes could have left a trace element or 1sotop1c signatures m the lampr01tes 

emplaced 40 Ma afterward. Trace element data for the Napier Complex lampr01tes give 

confhctmg evidence on the nature of the mantle source For example, lampr01tes from 

Amundsen Bay plot m the field of w1thm-plate rocks m terms of T102 and Al203 (Mtiller 

et al , 1992), whereas the Hydrographer Island lampr01te plots near the boundary with 

arc-related rocks (Fig 7) Nb concentrat10ns give even more confhctmg results The 

high Nb contents of Tonagh Island lampro1te (mostly> 100 ppm) are charactenstlc of areas 

remote from subduct10n, whereas the lower Nb contents of the Priestley Peak rocks (50 

ppm) plot near the field for areas closely related to subduct10n m space or time (Thompson 

and Fowler, 1986) Miller et al. (1999) and Ben Othman et al (1989) cited several trace 

element rat10s diagnostic of subducted sediment Ce/Pb, Sr/Nd and Nb/La rat10s would 

be lower m sediment than oceamc basalts, whereas Cs/Rb, Th/Ta and Th/La rat10s would 

be higher. Most of the rat10s measured m the Tonagh Island and Priestley Peak lampr01te 

have values consistent with an absence of sedimentary components, but Nb/La and Ce/Sr 

rat10s could md1cate a sedimentary component (the relevant trace element data are not 

available for the Hydrographer Islands) The negative anomalies for Ta, Nb and TI on 

the sp1dergram (Fig. 4) could md1cate a subduct10n settmg, but Rock (1991) opmed that 

attachmg any clear genetic s1gmficance to these anomalies was still premature; Muller et 

al. (1992) concluded that these anomalies were not diagnostic In summary, Sm-Nd and 

Pb isotope data would be needed for a more defimtlve d1scuss10n of the origm of the 
Enderby Land lampr01tes 

Elsewhere m Antarctica, lampr01tes m dykes at Mount Bayliss (Sheraton and 

England, 1980) and m Mount Rubm (M1khalsky et al , 1992, 1994) m the southern Prmce 

Charles Mountams, MacRobertson Land are probably the ultrapotass1c rock most similar 

to the Enderby Land lampr01tes The presence of possible pseudoleuc1te m a  much finer 

gramed sample from morame at the Mount Bayliss and Mount Rubm dyke suggests 
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Fzg 7 Tz02 versus Afz03 varzatzon zn lamproztes from Enderby Land and the southern Prznce 
Charles Mountazns (solzd symbols) and potasszc to ultrapotasszc zgneous rocks from 
Eastern Queen Maud Land (open symbols) Lzne separates fields of wzthzn-plate 
and arc-related rocks (Muller et al , 1992) Lamproztes from Enderby Land plot zn 
the wzthzn-plate field, whereas Queen Maud Land potasszc to ultrapotasszc rocks plot 
largely zn the field of arc-related rocks, only a few plot zn the wzthzn-plate field 

shallower emplacement (Sheraton and England, 1980) 

A large number of potassic and ultrapotassic mtrus10ns have been descnbed from 

metamorphic and plutomc complexes west of Enderby Land m Eastern Queen Maud 

Land the Schirmacher Hills, S�r Rondane Mountams, Y amato-Belgica Complex and 

Llitzow-Holm Complex (Fig 1) (KoJima et al, 1982, Shiraishi et al, 1983, Sakiyama et 

al, 1988, Anma 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 amphibohte-facies condit10ns, e.g , a metamorphosed ultrapotassic dyke 

g1vmg a K-Ar whole-rock age of 434 6+ 21 7 Ma at Innhovde, Lutzow-Holm Bay (Anma 

and Shiraishi, 1993) The host rock at Innhovde, an orthogne1ss, gave a 550+ 12 Ma 
206Pb/238U age as well as 900-1000 Ma 207Pb/ 206Pb ages usmg SHRIMP on zircon (Shirai

shi et al, 1992, 1994) These mtrus10ns were regarded as products of post-orogemc 

magmatism ongmatmg from a mantle source after the peak of metamorphism (Anma and 

Shiraishi, 1993, Ikeda et al, 1995) Anma and Shiraishi (1993) suggested that this late 

Neoproterozoic to Cambnan orogeny and associated magmatism, m Eastern Queen Maud 

Land were related to the amalgamat10n of east and west Gondwana 
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Overall, the temporal and spatial relat10nships between lampr01te mtrus10n and zones 

of Cambrian reactivat10n of the Napier Complex are similar to those between ultrapotassic 

igneous activity and Pan-African deformat10n and metamorphism m Eastern Queen Maud 

Land This suggests that the effects of the amalgamat10n of east and west Gondwana m 

Antarctica extended eastward to Enderby Land 
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