
C 1 > 

- ! A . AUSTRALI A 

i > j ! f ' x'--'AtlONS ( 

1?6 JA» «K* g. . 

Geology o f the Bunger Hills-Denma n 
Glacier region , Eas t Antarctica 

AGSO 

J.W. Sheraton, R.J. Tingey, R.L. Oliver &  LP. Black 

A U S T R A L I A N 
GEOLOGICAL SURVEY 
O R  C  A  \  I S  A  1  I  I ) \ 



AUSTRALIAN GEOLOGICA L SURVE Y ORGANISATIO N 
DEPARTMENT O F PRIMAR Y INDUSTRIE S A N D ENERG Y 

BMR PUBLICATIONS COMPACTUS 
(LENDING SECTION) 

BULLETIN 244 

Geology o f th e Bunge r Hills-Denma n 
Glacier region , East Antarctic a 

J.W. SHERATON 1 , R.J . TINGEY 2 , R.L . OLIVER 3 &  L.P . BLACK 1 

1 Division  of  Regional  Geology  &  Minerals,  AGSO 
2 Division  of  Environmental  Geoscience  &  Groundwater,  AGSO 
3 Department  of  Geology  &  Geophysics,  University  of  Adelaide 

AUSTRALIAN GOVERNMEN T PUBLISHIN G SERVIC E 
CANBERRA 



© Commonweal th of Austral ia 1995 

ISSN 0 0 8 4 - 7 0 8 9 

ISBN 0644 452471 

This work is copyright . Apart from any use as permitted under the Copyright  Act  1968,  no part 
may be r e p r o d u c e d by any p roces s wi thout wr i t ten pe rmiss ion from the Manager , 
Commonwea l th Information Services, AGPS. Inquiries should be directed to the Manager, 
AGPS Press , Austral ian Government Publishing Service, GPO Box 84, Canberra ACT 2601 

Editor: Ian Hodgson 
Cover design and figures prepared by AGSO Cartographic Services Unit unless otherwise indicated 
Prepared for publ icat ion by Lin Kay 

Produced by the Austral ian Government Publishing Service. 

Front-cover illustration: 

V i e w o f e a s t e r n T h o m a s I s l a n d , l o o k i n g s o u t h e a s t t o w a r d s t h e n o r t h e a s t e r n 
B u n g e r H i l l s a n d t h e p o l a r p l a t e a u b e y o n d . I n t h e f o r e g r o u n d a r e d o l e r i t e d y k e s 
c u t t i n g i n t e r l a y e r e d o r t h o g n e i s s a n d p a r a g n e i s s , w h e r e a s B l a c k I s l a n d ( t o p r i g h t ) 
c o n s i s t s m a i n l y o f g a b b r o o f t h e B o o t h P e n i n s u l a B a t h o l i t h . N o t e t i d e c r a c k s 
a r o u n d t h e s m a l l b a y i n t h e f o r e g r o u n d . 



Contents 

Abs t r ac t x 

In t roduc t ion 1 

B u n g e r H i l l s - O b r u c h e v Hi l l s a rea 5 

Metamorphic rocks 6 

Pyroxene-quar tz-fe ldspar gneiss 6 

Mafic granul i te 11 

Ultramafic rocks 12 

Garnet-quartz-feldspar gneiss 12 

Aluminous metasediments 12 

Quartz i te 15 

Calc-si l icate rocks and marble 15 

Igneous rocks 15 

Mafic to felsic plutonic rocks 15 

Felsic dykes and minor intrusions 25 

Mafic dykes 28 

Rapakiv i granite and felsic volcanics 43 

D e n m a n G l a c i e r A r e a 4 6 

Metamorphic rocks 46 

Felsic or thogneiss 46 

Mafic rocks 46 

Ultramafic rocks 47 

Garnet-quartz-feldspar gneiss 47 

Metased iments 47 

Igneous rocks 47 

Mafic to felsic plutonic rocks 47 

Felsic dykes and minor intrusions 52 

Mafic dykes 54 

M o u n t A m u n d s e n a n d M o u n t S a n d o w 5 7 

Sandow Group 57 

Sediments 57 

Metabasa l t 57 



iv 

S t ruc tu ra l G e o l o g y 5 9 

Bunger Hills area 59 

D i deformat ion 59 

D2 deformat ion 59 

D3 deformat ion 60 

D4 deformat ion 62 

Denman Glacier area and Mounts Amundsen and Sandow 64 

M e t a m o r p h i s m 6 5 

Bunger Hills area 65 

Peak m e t a m o r p h i s m 65 

Re t rograde m e t a m o r p h i s m 69 

Denman Glacier area 68 

D i s c u s s i o n 7 0 

Geological history of the Bunger Hills area 70 

Regional correlations 71 

Gondwana reconstruction and tectonic synthesis 74 

Gondwana correlations 79 

A c k n o w l e d g e m e n t s 8 1 

R e f e r e n c e s 8 2 

A p p e n d i x : C h e m i c a l ana lyse s of r o c k s a m p l e s f r o m t h e B u n g e r Hi l l s 
a n d D e n m a n Glac i e r a reas 8 8 

Analytical methods 88 

Precision and accuracy 88 

Tab les 

1. Mineral abbreviations 3 

2. Chemical analyses of felsic gneisses from Bunger Hills area 8 

3. Analyses of minerals in felsic gneisses and mafic granulites 13 

4. Chemical analyses of aluminous metasediments from Bunger Hills area 17 

5. Analyses of minerals in Bunger Hills plutonic rocks 22 

6. Pressure-temperature estimates for Bunger Hills and David Island plutonic rocks 23 

7. Chemical analyses of Bunger Hills plutonic rocks 24 

8. Sr and N d isotopic data for rocks from Bunger Hills area 27 

9. Chemical analyses of mafic to felsic dykes and minor granitic intrusives 

from Bunger Hills area 30 

10. Chemical analyses of mafic granulite dykes from Bunger Hills area 32 

11. Analyses of minerals in Bunger Hills dolerite dykes 33 



V 

12. Chemical analyses of Bunger Hills dolerite dykes 38 

13. Analyses of minerals in Bunger Hills alkaline dykes 42 

14. Chemical analyses of Bunger Hills alkaline dykes 44 

15. Chemical analyses of rapakivi granites 45 

16. Chemical analyses of felsic gneisses from Denman Glacier area 46 

17. Chemical analyses of plutonic rocks from Denman Glacier area 49 

18. Analyses of minerals in David Island batholith 51 

19. Analyses of chevkinite/perrierite and allanite in David Island batholith 52 

20. Chemical analyses of David Island plutonic rocks 53 

2 1 . Sr and Nd isotopic data for rocks from Denman Glacier area 54 

22. Chemical analyses of mafic dykes from Denman Glacier area and metabasalt 55 

23. Pressure-temperature estimates for metamorphic rocks and dolerite dykes 67 

24. Isotopic age determinations 70 

25. Summary of the geological history of the Bunger Hills area 71 

26. Provisional correlation of events in the Bunger Hills and Denman Glacier areas 
with those in the Windmill Islands and Albany Mobile Belt 73 

F i g u r e s 

1. Part of East Antarctica, showing metamorphic complexes and outcrops 1 

2. East end of Algae Lake, looking west across the Bunger Hills 2 

3 . Western Bunger Hills, looking northeast 2 

4. Booth Peninsula, looking east towards the icecap 3 

5. Northeastern Obruchev Hills 4 

6. Edgeworth David Base 4 

7. Generalised geological map of the Bunger Hi l l s -Denman Glacier region 5 

8. Generalised geological map of the main outcrops in the Bunger Hills area 6 

9. Massive felsic orthogneiss; Currituck Island 6 

10. Massive felsic orthogneiss; Currituck Island 6 

11. Mesoperthite in orthopyroxene-quartz-feldspar gneiss 7 

12. Normative Q - A b - O r diagrams for felsic orthogneisses, paragneisses, and 
metapelites from the Bunger Hills area 7 

13. Normative A b - O r - A n diagrams for felsic gneisses and metapelites 
from the Bunger Hills area 9 

14. Plot of alumina saturation index against S i02 for felsic gneisses 

from the Bunger Hills area 10 

15. Plot of Y against S i02 for felsic gneisses from the Bunger Hills area 10 

16. Plot of Ce/Y against Sr for felsic gneisses from the Bunger Hills area 10 

17. Spidergrams for average felsic gneisses from the Bunger Hills area 10 

18. Plot of K against Rb for felsic gneisses and metapelites from the Bunger Hills area 10 

19. A - F - M diagram for felsic gneisses and metapelites from the Bunger Hills area 11 

20. Mafic granulite boundins in paragneiss; Saturn Island 11 



2 1 . Granoblastic equigranular-polygonal texture in mafic granulite 11 

22. Interlayered orthogneiss and paragneiss; southeastern corner of Algae Lake 12 

23 . Layered felsic gneiss and metapelite; Aviatorov Peninsula 12 

24. Mega-xenolith of leucogneiss, metapelite, and mafic granulite in Paz Cove batholith; 

southern end of Paz Cove 12 

25 . Garnet-si l l imanite-quartz-K-feldspar paragneiss (metapelite) 14 

26. Sil l imanite-garnet-cordieri te-quartz gneiss (psammo-pehte) 14 

27. Corundum intergrown with opaque minerals and spinel in metapelite 14 

28. Corundum intergrown with opaque minerals and spinel in metapelite 14 

29. Spinel separated from quartz by thin rims of cordierite or garnet in metapelite 14 

30. Spinel enclosed by garnet in metapelite 14 

3 1 . Spinel r immed by silhmanite, enclosed by garnet, in metapelite 15 

32. Spinel enclosed by sillimanite and cordierite in metapelite 15 

33 . Migmatitic paragneiss, showing partial melt bodies; west of Paz Cove 15 

34. Modified A ' F M diagram for paragneisses and metapelites from the 
Bunger Hills area 15 

35. Intrusive contact of Paz Cove batholith with felsic orthogneiss; 

Vertoletnyy Peninsula 16 

36. Gneiss xenoliths in foliated granitic intrusive; Bunger Hills 16 

37. Outcrops of orthopyroxene granite of the Booth Peninsula batholith; 

eastern Booth Peninsula 16 

38. Bioti te-cl inopyroxene-orthopyroxene gabbro from the Booth Peninsula batholith 18 

39. Clinopyroxene-biot i te-orthopyroxene quartz gabbro from the Paz Cove batholith 18 

40. Strongly foliated bioti te-clinopyroxene-orthopyroxene quartz monzogabbro 18 

4 1 . Moderately foliated clinopyroxene-bioti te-orthopyroxene quartz monzogabbro 19 

42. Randomly orientated intergrowth of biotite and quartz replacing pyroxene 

in quartz gabbro 19 

43 . Small lensoid bodies of granite in quartz monzogabbro; Geologov Island 19 

44. Lens of orthopyroxene-hornblende granite in quartz monzogabbro 19 

45 . Pyroxene compositions for Bunger Hills and David Island plutonic rocks 

plotted on the graphical geothermometer of Lindsley (1983) 20 

46. S i 0 2 variation diagrams for Bunger Hills plutonoic rocks 20 

47 . A - F - M diagram for Bunger Hills plutonic rocks 21 

48 . Normative Q - A b - O r diagram for Bunger Hills plutonic rocks 21 

49. Normative A b - O r - A n diagram for Bunger Hills plutonic rocks 25 

50. Plot of K against Rb for Bunger Hills plutonic rocks 25 

5 1 . Logarithmic plots of various incompatible elements against Zr for 

Bunger Hills plutonic rocks 26 

52. Spidergrams for average Bunger Hills plutonic rocks 27 

53 . Plot of alumina saturation index against S i 0 2 for Bunger Hills plutonic rocks 27 

54. Growth of garnet around orthopyroxene in granite of the Paz Cove batholith 27 



vii 

55 . Exsolution of clinopyroxene from orthopyroxene in granite of 

the Booth Peninsula batholith. 28 

56. Spidergrams for late granites from the Bunger Hills area 28 

57. Folded, subconcordant mafic granulite dykes cutting felsic gneiss; 

Obryvistyy Island 28 

58 . Subconcordant mafic granulite dyke 28 

59. Discordant mafic granulite dyke, with large randomly orientated biotite grains 28 

60. Alka l ies -S i02 plot for metamorphosed mafic dykes from the Bunger Hills area 29 

6 1 . A - F - M diagram for metamorphosed mafic dykes from the Bunger Hills area 29 

62. Group 1 dolerite dyke 29 

63 . Group 1 dolerite dyke 29 
64. Pyroxene compositions for Bunger Hills mafic dykes, plotted on the graphical 

geothermometer of Lindsley (1983) 31 

65. Alka l ies -S i02 plot for Bunger Hills mafic dykes 31 

66. A - F - M diagram for Bunger Hills mafic dykes 32 

67. Normative Q - H y - D i - O l - N e diagram for Bunger Hills mafic dykes. . 34 

68. Logarithmic plots of incompatible elements against Zr for 

Bunger Hills dolerite dykes 35 

69. Spidergrams for average groups 1 to 4 dolerite dykes 36 

70. Group 2 magnesian dolerite dyke 36 

7 1 . Groups 2 magnesian dolerite dyke, showing poikilitic texture 36 

72. Dolerite dykes cutting migmatitic paragneiss; Saturn Island 37 

7 3 . Dolerite dykes cutting interlayered orthogneiss and paragneiss; 

eastern Thomas Island 37 

74. Group 4 dolerite dyke 40 

75 . Relatively coarse-grained group 4 dolerite dyke 40 

76. Group 4E dolerite dyke, with secondary pyroxene 40 

77. Plagioclase+carbonate-rich ocelli in ankaramite dyke 40 

78 . Ankaramite dyke 40 

79. Spidergrams for average Bunger Hills alkaline dykes 41 

80. Alkali basalt dyke 41 

8 1 . Trachybasalt dyke 41 

82. Trachybasalt dyke 41 

83 . Trachybasalt dyke, with poikilitic aggregates of actinolite and biotite 42 

84. Small boulder of rapakivi granite from moraine 44 

85. Small boulder of rapakivi granite from moraine 44 

86. Spidergrams for rapakivi granites 44 

87. Leuconorite; Cape Kennedy 47 

88. Biotite-hornblende quartz diorite; Delay Point 48 



viii 

89. Normative Q - A b - O r diagram for plutonic rocks from the Denman Glacier area, 
trachyte dykes, and rapakivi granites 48 

90. Normative A b - O r - A n diagram for plutonic rocks from the Denman Glacier area, 
trachyte dykes, and rapakivi granites 50 

9 1 . A - F - M diagram for plutonic rocks from the Denman Glacier area, 

trachyte dykes, and rapakivi granites 50 

92. Spidergrams for average mafic plutonic rocks from the Denman Glacier area 50 

93 . Spidergrams for granites from Cape Harrison and Possession Rocks 50 

94. Pyroxene exsolution in monzonite; Baldwin Rocks 50 

95. Zoned intergrowths of chevkinite or perrierite and allanite in quartz syenite; 

5km southwest of Baldwin Rocks 51 

96. Spidergrams for average David Island plutonic rocks 54 

97. Trachyte dyke; Baldwin Rocks 54 

98. Spidergrams for trachyte dykes 54 

99. Alka l ies -S i02 plot for mafic dykes from the Denman Glacier area and metabasalts 56 

100. A - F - M diagram for mafic dykes from the Denman Glacier area and metabasalts 56 

101. Spidergram for average alkali gabbro dyke from Cape Charcot 56 

102. Mount Sandow, showing sediments unconformably overlying metabasalt 57 

103. Possible trace fossil in sandstone boulder in moraine 57 

104. Metabasalt, showing relict subophitic to intergranular texture 57 

105. Metabasalt, showing subophitic texture 58 

106. Spidergrams for metabasalts 58 

107. Mafic granulite boundins in felsic gneiss; northeast of Edgeworth David Base 59 

108. F i folds in interlayered paragneiss and pyroxene gneiss; southeastern Bunger Hills 59 

109. D2 pegmatitic boundins in felsic orthogneiss; eastern Bunger Hills 60 

110. Recumbent isoclinal F2 fold; east of Paz Cove 60 

111. Disharmonic F2 folds in hinge of major F2 fold; near Edgeworth David Base 60 

112. Co-axial F i and F2 folds; east of Paz Cove . . . . 61 

113. F i isocline folded by F2 fold in interlayered mafic granulite and felsic orthogneiss; 

near Edgeworth David Base 61 

114. Probable F1/F2 interference pattern; south of Algae Lake 61 

115. Minor F3 folds; northeastern Bunger Hills 61 

116. Asymmetric F3 fold; near Edgeworth David Base 61 

117. Asymmetric F3 fold; near Edgeworth David Base 61 

118. Tight F2 folds on steep l imb of major F3 fold; near Edgeworth David Base 62 

119. Stereographic plots of poles to foliations measured in four subareas (A to D) 
of the Obruchev Hi l ls -Bunger Hills area 62 

120. Retrograde shear zone in garnet paragneiss and mafic granulite; 

southern Liberty Islands 62 

121. Ultramylonite zone cutting Paz Cove batholith 63 

122. Hinge of isoclinal fold in shear zone, showing strong axial planar foliation 63 



ix 

123. Gneiss from mylonite zone, showing porphyroclasts of plagioclase, garnet, 
and orthopyroxene 63 

124. Thin ultramylonite zones cutting orthopyroxene granite of the 

Booth Peninsula batholith 63 

125. Pegmatite cutting ultramylonite zones; Bunger Hills 63 

126. Garnet partly replacing orthopyroxene in felsic gneiss, consistent with 
near-isobaric cooling 65 

127. Symplectite of orthopyroxene+cordierite partly replacing garnet felsic gneiss, 
suggesting decompression 65 

128. Pyroxene compositions for metamorphic rocks from the Bunger Hills area and 
Cape Charcot, plotted on the graphical geothermometer of Lindsley (1983) 66 

129. P - T diagram showing estimated peak conditions of metamorphism in the 

Bunger Hills and northeast Highjump Archipelago and at Cape Charcot 66 

130. Retrogressed mafic granulite 68 

131. Augen gneiss (garnet-biotite granite) 68 

132. Hornblende-bioti te-quartz-feldspar gneiss, showing sieve-like aggregates 
of hornblende and quartz 68 

133. Reconstruction of Australia and Antarctica, showing their relative positions 
at the time of Gondwana breakup (at about 95 Ma) and prior to an inferred period 
of continental extension (rifting) which began 160 M a ago. Major Precambrian 
metamorphic terranes and Neoproterozoic to Mesozoic fold belts are indicated 72 

134. Pre-rifting reconstruction of southwestern Australia and the adjacent part of 
East Antarctica, showing Mesoproterozoic metamorphic terranes 

and TDM model ages for felsic gneisses 75 

135. Reconstruction of part of Gondwana, showing major Precambrian metamorphic 
terranes and Neoproterozoic to Mesozoic fold belts. Representative isotopic 
ages of metamorphic events, as well as provenance ages, are given 76 



Abstract 
The Bunge r Hill s area , which form s par t of the East Antarctic Shield , consist s predominantl y 
of granulite-facie s orthogneis s (pyroxene-quartz-feldspa r gneiss) , wit h subordinat e mafi c 
granulite an d garnet , sil l imanite , an d cordierite-bearin g paragneiss . Th e igneou s precursor s 
of granodioriti c orthogneis s crystallise d abou t 1 5 0 0 - 1 7 0 0 M a ago , wherea s lat e Archaea n 
( 2 6 4 0 Ma ) tonaliti c orthogneis s occur s i n th e Obruche v Hills , i n th e southwes t o f th e 
area. Metamorphis m reache d a  pea k o f abou t 7 5 0 - 8 0 0 ° C an d 5 - 6 k b (Mj ) 1190±1 5 M a 
ago (U-P b zirco n age ) an d wa s accompanie d b y th e firs t o f thre e ductil e deformatio n 
events (Dj) . Voluminous , mainl y mantle-derive d plutoni c rock s wer e emplace d betwee n 
1170 (durin g D 3 ) an d 115 0 Ma . The y rang e i n composit io n fro m gabbro , throug h quart z 
gabbro, quart z monzogabbro , an d quart z monzodiorite , t o granite . Abundan t dolerit e 
dykes, o f a t leas t fou r chemical l y distinc t groups , wer e intrude d a t abou t 114 0 Ma . Thei r 
intrusion wa s associate d wit h th e formatio n o f shea r zones , indicatin g a t leas t l imite d 
uplift; al l subsequen t deformatio n wa s o f brittle-ductil e o r brittl e type . Alkalin e mafi c 
dykes wer e emplace d 5 0 0 M a ago . 

Marked geochronologica l similaritie s wit h th e Alban y Mobi l e Bel t o f Wester n Australi a 
suggest tha t high-grad e metamorphis m i n bot h area s wa s th e resul t o f continenta l col l is io n 
between th e Archaea n Yilgar n Crato n o f Australi a an d th e Eas t Antarcti c Shield . However , 
Gondwana reconstruction s an d th e composit io n o f th e plutoni c rock s sugges t tha t th e 
Bunger Hill s metamorphic s ma y hav e forme d i n a n Andean-typ e continenta l arc , wit h 
the actua l col l is io n zon e havin g bee n t o th e eas t o f th e presen t Bunge r Hills . 

Exposures wes t o f th e Denma n Glacie r ar e als o mainl y granulite-facie s gneiss , intrude d 
by a  variet y o f mafi c t o felsi c plutoni c rocks . The y diffe r fro m th e Bunge r Hill s i n 
being partl y derive d fro m Archaea n protolith s ( - 3 0 0 0 Ma) , i n lackin g isotopi c evidenc e 
for a  Mesoproterozoi c high-grad e event , an d i n no t bein g intrude d b y dolerit e dyk e 
swarms. The y als o sho w evidenc e o f muc h mor e extensiv e 5 0 0 - 6 0 0 M a (Pan-African ) 
metamorphism an d plutonis m (syenit e t o granite) , an d i n thi s regar d the y ar e comparabl e 
with th e Leeuwi n B loc k metamorphic s o f southwester n Australia , althoug h thes e wer e 
derived fro m significantl y younge r protolith s (T^D

M mode l ages : 1 1 0 0 - 1 5 0 0 Ma) . 

If thi s earl y Palaeozoi c activit y wa s als o a  consequenc e o f continenta l col l is ion , i t woul d 
explain th e markedl y differen t geologica l histor y o f th e terrane s o n eithe r sid e o f th e 
Denman Glacie r an d coul d accoun t fo r th e fina l uplif t o f th e Bunge r Hills . However , 
the compressiona l tectoni c regim e implici t i n th e coll is io n hypothesi s wa s fo l lowe d b y 
an extensiona l regime , which , i n southwester n Australia , eventuall y resulte d i n th e 
formation o f th e Pert h Basi n rif t zone . Thi s structur e i s aligne d wit h th e Denma n Glacie r 
trough o n ou r preferre d Gondwan a reconstruction , suggestin g tha t i t ma y hav e extende d 
wel l t o th e sout h befor e th e breaku p o f Gondwana . 
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Introduction 
The Bunger Hills lie near the ice-bound coast of East Antarctica 
at about longitude 100°E (Fig. 1). They are separated from 
the Southern Ocean by the Shackleton Ice Shelf, but a direct 
sub-ice connection is indicated by tide cracks around the 
larger bodies of water and by the presence of seals. An area 
of low rocky hills and glacially deepened valleys with many 
lakes (Fig. 2), they occupy about 300 kn r and have a 
maximum elevation of 165 m. Generally, areas of low relief 
and valley bottoms are mantled with locally derived rock 
debris and glacial deposits of probable late Quaternary age 
(Fig. 3). Nevertheless, the Bunger Hills and adjacent islands 
(Fig. 4), together with the Obruchev Hills, about 30 km to 
the southwest (Fig. 5), form a well-exposed section 
(~1500 km 2 ) of the Precambrian East Antarctic Shield in a 
region of generally poor outcrop. All other outcrops in the 
region are small and isolated. 

The Bunger Hills were first sighted from Watson Bluff, 
about 60 km away on the western side of the Denman Glacier, 
by members of the western party of Douglas Mawson's 
1911-14 Australasian Antarctic Expedition (Mawson 1915; 
Nockolds 1940), who named them the Hordern Islands (now 
Cape Hordern) after Mr Samuel Hordern, a Sydney business
man and major benefactor of the expedition. However, the 
area was not visited until 13 February 1947, when a Martin 
Mariner flying boat of Byrd's 1946-7 US Navy Expedition 
'Operation Highjump', piloted by Lieutenant Commander 
David E. Bunger, landed on a marine inlet in the central part 

of the 'oasis'. Its discovery was greeted with somewhat lurid 
publicity and the term 'Shangri-la' was very mistakenly applied, 
although Bunger described the hills that now bear his name 
as 'a land of blue and green lakes and brown hills in an 
otherwise limitless expanse of ice' (Bertrand 1967; Rose 
1980). Bunger's party landed near Geologov Island; however, 
no scientific observations were made, although a few rock 
specimens were collected. 

The first geological studies of the Bunger Hills were made 
in 1956-7 by Soviet Antarctic Expedition scientists, a detailed, 
mainly petrological, account being given by Ravich et al. 
(1968). The Soviet 'Oasis' base, on the northern side of Algae 
Lake, was later used by the Polish Antarctic Expedition, and 
renamed 'Dobrowolski'. 

In January 1986, Australian National Antarctic Research 
Expeditions (ANARE) personnel set up a summer field camp, 
Edgeworth David Base (named after Professor Tannatt William 
Edgeworth David, an Australian geologist with Shackleton's 
1907-9 British National Antarctic Expedition), on the western 
side of the Bunger Hills (Fig. 6). In the six-week season, 
good logistic support and reasonable weather enabled most 
of the region's bedrock outcrops to be examined. Geologists 
R.J. Tingey and J.W. Sheraton of the then Bureau of Mineral 
Resources (now Australian Geological Survey Organisation) 
visited all significant outcrops in the Bunger Hills-Obruchev 
Hills area, and made brief visits to most of the generally 
small outcrops on the western side of the Denman Glacier 
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Figure 1. Part of East Antarctica, showing metamorphic complexes and outcrops (black). Mesoproterozoic metamorphics in 
the northern part of the southern Prince Charles Mountains are greenschist to amphibolite fades; metamorphic rocks of 
similar age in Enderby and Kemp Lands are termed Rayner Complex. Palaeo- to Mesoproterozoic dolerite dyke swarms are 
present in all the Archaean complexes, as well as in the Bunger Hills area and possibly the Windmill Islands. 
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2 Introduction 

as far west as 98°E. During the same period, geologists from 
the Universities of Melbourne (P. Marsh. K. Stiiwe, and 
C.J.L. Wilson) and Adelaide (P. Ding) made detailed structural 
and petrological studies of the main Bunger Hills outcrops 
(Stiiwe & Powell 1989a; Stiiwe & Wilson 1990; Ding & 

James 1991). 
It was intended that the 1986 field season would be the 

first of three consecutive summer programs in the area, but 
unusually heavy pack ice in 1987 prevented the ANARE 
support ship 'M.S. Nella Dan' from getting close enough to 

• • • • • • • I 

Figure 2. East end of Algae Lake, looking west across the Bunger Hills. Note the essentially concordant summit levels, mostly 
between 100 and 150m high. Outcrops in the foreground are mainly felsic orthogneiss. 

Figure 3. Western Bunger Hills, looking northeast. Note the relatively poor outcrop in lower-lying areas mantled by glacial 
deposits. 
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the coast to fly off personnel and stores to the base camp. 
The severe conditions developed because a large grounded 
iceberg prevented the normal summer dispersal of sea ice. 
Further operations in the area were consequently postponed 
indefinitely. 

This Bulletin,  therefore, presents the results of only one 
season's field work in the Bunger Hills-Denman Glacier 
region. However, the field observations have been comple
mented by the first detailed geochemical and geochronological 
studies of the region. In this account, the geology of the 
Bunger Hills-Obruchev Hills area is described separately 
from that of the area west of the Denman Glacier (and the 

Table 1. Mineral abbreviations used in this Bulletin. 

isolated Mounts Amundsen and Sandow), because of the 
significant lithological differences between them. An attempt 
is also made to correlate the geological history with that of 
once contiguous parts of Gondwana. 

The igneous rock classification of Streckeisen (1976) is 
used in this Bulletin.  Mineral abbreviations used are given 
in Table 1. Most names of geographic features are those used 
on the 1992 AUSLIG 1:50 000 satellite image map of the 
Bunger Hills, and many of these differ from names used on 
an earlier (1988) topographic map of the area and in previous 
publications. 

Act, actinoli te Gt , garnet Pig. pigeonite 
Bi. biotite Hb. hornblende PI. plagioclase 
Cd. cordieri te Kf, K-feldspar Px. pyroxene 
Cor, co rundum M p . mesoperthi te Qz, quar t / 
C p . c l inopyroxene 0 1 , olivine Sa. sapphirine 
En. enstati te Op . or thopyroxene Si. sillimanite 
Fd. feldspar Phi. phlogopite Sp . spinel 

Figure 4. Booth Peninsula, looking east towards the icecap. The island in the foreground consists mainly of gabbroic rocks of 
the Booth Peninsula batholith cut by felsic veins. Most of the more distant outcrops are of quartz monzodioritic to granitic 
composition. 
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Figure 6. Edgeworth David Base, on the northwestern coast of the Bunger Hills. 
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Bunger Hills-Obruche v Hill s are a 
The Bunger Hills-Obruchev Hills area extends northeastwards Archipelago (Fig. 7). The Bunger Hills proper are the most 
for about 150 km from Cape Jones, on the eastern side of extensive area of continuous outcrop (~300 km 2 ) , but there 
the Denman Glacier, to the northern islands of the Highjump are also good outcrops on the islands and peninsulas imme-
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Figure 7. Generalised geological map of the Bunger Hills-Denman Glacier region. 
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diately to the north and in the Obruchev Hills. 
The area consists almost entirely of granulite-facies meta

morphic rocks of both igneous and sedimentary origin, together 
with a voluminous suite of plutonic rocks, ranging from 
gabbro to granite (Fig. 8), and abundant dolerite dykes. The 
field relations, petrography and geochemistry of these rocks 
are described in the following sections. 

Metamorphic rock s 
Pyroxene-quartz-feldspar gneis s 
Massive pyroxene-quartz-feldspar gneiss (predominantly felsic 
orthogneiss: Ep  on geological map) makes up most of Cape 
Jones, the Obruchev Hills and Taylor Islands, and much of 
Currituck and Dieglman Islands and the southeastern part of the 
Bunger Hills (Figs 9, 10). Elsewhere, it is a relatively minor 
component of layered supracrustal rocks — predominantly 
garnet-quartz-feldspar gneiss and aluminous metasediments. 

Major constituents are pleochroic orthopyroxene (up to 
15%), quartz (mostly 15^40%) and feldspar (mostly 50-65%). 
Small amounts (generally less than 3%) of reddish-brown 
biotite are common and clinopyroxene occurs in some layers, 
particularly the more mafic ones; other layers contain minor 
greenish-brown hornblende or garnet. Opaque minerals, apa
tite, and zircon are ubiquitous accessory phases; monazite is 
less common, and allanite and rutile are rare. 

In much orthogneiss the only feldspar is plagioclase (com
monly antiperthitic andesine, rarely calcic oligoclase or sodic 
labradorite); such a tonalitic variety (distinguished as Epp) 
predominates at Cape Jones, the southern and central Obruchev 
Hills, Taylor Islands, and the southeastern Bunger Hills. 
Elsewhere, more potassic (granodioritic to granitic) orthogneiss 
is interlayered with tonalitic orthogneiss and metasediments. 
This gneiss generally contains both calcic oligoclase-sodic 
andesine antiperthite and K-feldspar (orthoclase or microcline 

CURRITUCK 
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T A Y L O R 

66*10' 
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66*20' 
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PENINSULA 
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Figure 8. Generalised geological map of the main outcrops in the Bunger Hills area (in part after Stiiwe & Wilson, 1990). 

Figure 9. Massive felsic orthogneiss (orthopyroxene-quartz-
feldspar gneiss); Currituck Island. 

Figure 10. Massive felsic orthogneiss; Currituck Is. Mafic 
layers are predominantly of orthopyroxene with minor biotite. 



J. W. Sheraton et  al  1 

Figure 11. Mesoperthite in orthopyroxene-quartz-feldspar 
gneiss; southeastern Currituck Island. AGSO registered sam
ple number 86285602; cross-polarised light; width of field: 1mm. 

Figure 12. Normative Q-Ab-Or diagrams for A, felsic or-
thogneisses, and B, paragneisses and metapelites from the 
Bunger Hills area, showing quartz-feldspar field boundaries 
and positions of quaternary isobaric minima at 0.5 and 3.0kb 
PH2o (after Tuttle & Bowen 1958). Depleted, mostly orthopy-
roxene-bearing orthogneisses have relatively low Y and 
HREE contents and are predominantly of tonalitic, 
trondhjemitic, or granodioritic composition. Most garnet 
(and a few orthopyroxene) -bearing gneisses (as well as the 
metapelites) plot well inside the quartz field, consistent with a 
sedimentary origin. 

perthite), although a few rocks have only one feldspar, ap
proaching mesoperthite in composition (Fig. 11). Texture is 
commonly granoblastic inequigranular interlobate (Winkler 
1979), and most gneiss has only a weak foliation, defined 
by elongated mineral aggregates. However, some rocks contain 
late-crystallised biotite with a markedly preferred orientation, 
and some leucogneiss contains lenticular quartz aggregates. 

Many samples show evidence of retrograde metamorphism. 
including partial or complete alteration of orthopyroxene to 
a yellowish-brown iddingsite-like material, in some cases with 
rims of colourless clinoamphibole. In others, orthopyroxene 
is replaced by fine-grained aggregates of biotite, quartz, and, 
less commonly, carbonate. Feldspar, particularly plagioclase, 
may show sericitic alteration, and biotite may be partly 
chloritised. 

Retrogression is particularly extensive in the southeast of 
the Bunger Hills, where orthopyroxene is almost entirely 
altered to fine-grained brownish-green to reddish-brown biotite 
and quartz, with minor epidote and/or pale green amphibole. 
Such alteration appears to predate the formation of iddingsite, 
as some altered orthopyroxene grains have cores of iddingsite 
surrounded by secondary biotite. In a few rocks, small amounts 
of sphene are present, apparently replacing ilmenite. 

Chemical data (Table 2) indicate an igneous origin for 
most of the gneiss, but it is often difficult to establish whether 
gneiss represents intrusive or extrusive rocks. However, mas
sive, poorly layered orthogneiss, such as that in the Obruchev 
Hills, is probably of intrusive origin, whereas at least some 
of that interlayered with supracrustal rocks may well be 
metamorphosed felsic extrusives, although some layers (com
monly of granite, s.s., composition) are locally cross-cutting 
and clearly represent small syn-metamorphic melt bodies. 

The predominance of sodic orthogneiss (tonalite, grano
diorite and minor quartz diorite) is emphasised by plots of 
normative compositions (Figs 12A, 13A). The orthogneiss is 
either Di-normative or only slightly (< 1%) C-normative 
(Fig. 14) and is thus equivalent to the I-type granitoid of 
Chappell & White (1974) — derived by partial melting of 
igneous precursors. Most is depleted in Y and, presumably, 
heavy rare-earth elements (HREE) (Table 2, Fig. 15). Such 
Y-depleted orthogneiss is thought to represent new continental 
crust derived by partial melting of a mafic source, leaving 
residual hornblende and/or garnet (Sheraton & Black 1983; 
Sheraton et al. 1985; Martin 1993). Derivation from a feld
spar-poor mafic source (such as subducted hydrated oceanic 
crust), rather than more felsic crustal rocks, would also explain 
its high Sr (Fig. 16) and lack of a significant negative Sr 
anomaly on spidergrams (Fig. 17). Similar Y-depleted tonalitic 
to granodioritic orthogneiss is also common in other parts of 
the East Antarctic Shield (e.g. the Archaean Napier Complex 
of Enderby Land (Sheraton et al. 1987c) and the Vestfold 
Hills of Princess Elizabeth Land (Sheraton & Collerson 1984)). 

Experimental studies by Beard & Lofgren (1991) have 
shown that dehydration melting (i.e. no added water) of 
amphibolite at 1-6.9 kb will produce metaluminous to slightly 
peraluminous tonalitic to granodioritic melts; however, under 
these conditions, the residues after melt extraction consist 
predominantly of plagioclase and pyroxene, which is incon
sistent with the absence of Sr anomalies in the Bunger Hills 
orthogneiss. In contrast, water-saturated melting produces 
strongly peraluminous melts with low Fe and Mg, and the 
residues are amphibole-rich and plagioclase-poor. These data, 
therefore, suggest that melting at intermediate water pressures 
would be most likely to produce metaluminous or slightly 
peraluminous tonalitic liquids without a significant negative 
Sr anomaly. 

Alternatively, dehydration melting under higher pressures, 
at which garnet rather than plagioclase would be a major 
residual phase, is possible, particularly as only a relatively 
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Table 2. Chemical analyses of representative felsic gneisses from Bunger Hills area. 
Sample no. 86285938 86285807 86285695 86285958 86285600 86286235 86285904 86285643 86285604 86285844 

Locality 5km SW  of Obruchev Obruchev W end  of Currituck 5km S  of 1km S  of Thomas Currituck Saturn 
Dobrowol- Hills NE Hills SW Lake Island Dobrowol- Edgeworth Island SW Island Island 
ski Dolgoe SE ski David SE 

Lithology Bi-Op-Qz- Op-Qz-PI Cp-Op-Qz- Bi-Cp-Op- Op-Qz-Mp Op-Qz-PI Op-PIQz- Bi-Op-Qz- Op-Qz-Kf Bi-Op-PI-
Pl gneiss gneiss PI gneiss Qz-PI gneiss gneiss Kf gneiss Pl gneiss gneiss Kf-Qz 

gneiss gneiss 

Classif. Depleted Depleted Depleted Depleted Depleted Depleted Depleted Undepleted Undepleted Paragneiss 
quartz diorite  tonalite tonalite tonalite granodiorite granodiorite granite tonalite granite 

SiO, 55.40 72.70 66.10 61.30 71.10 70.60 70.80 68.00 74.10 79.60 
T 1 0 2 0.64 0.28 0.50 0.82 0.33 0.29 0.29 0.59 0.48 0.17 
A l 2 0 3 19.48 14.75 15.94 15.11 14.83 15.15 15.31 14.33 11.48 10.74 
F e , 0 , 1.87 0.75 1.33 0.84 1.04 1.18 0.75 2.54 1.39 0.62 
FeO 5.55 0.85 2.91 6.46 1.42 1.02 0.84 2.76 1.85 1.12 
MnO 0.13 0.02 0.07 0.11 0.03 0.02 0.02 0.09 0.05 0.03 
MgO 3.93 0.82 2.09 3.95 0.94 0.89 0.51 1.52 1.25 0.94 
CaO 7.05 3.59 5.25 7.01 2.90 1.93 1.90 3.90 1.32 1.32 
NajO 3.79 4.29 4.00 2.51 3.99 5.35 3.80 3.61 2.05 2.16 
K 2 0 0.76 0.70 0.85 0.96 2.83 1.88 4.85 0.85 5.37 2.67 

p 2 o 5 
0.30 0.04 0.14 0.13 0.13 0.05 0.08 0.15 0.08 0.04 

LOI 1.07 0.53 0.70 0.86 0.55 0.80 0.55 0.83 0.55 0.67 
Rest 0.23 0.26 0.24 0.25 0.21 0.20 0.34 0.20 0.23 0.19 
Total 100.20 99.58 100.12 100.31 100.30 99.36 100.04 99.37 100.20 100.27 

o=s 0.01 0.01 0.02 0.03 0.01 0.00 0.00 0.02 0.01 0.01 
Total 100.19 99.57 1 (Ml. Ill 100.28 100.29 99.36 100.04 99.35 100.19 100.26 

C.I.P.W. norms 

Q 6.77 36.03 24.45 19.39 29.24 26.76 25.31 32.57 36.45 52.10 
C 0.32 0.50 - - 0.24 0.92 0.55 0.74 0.09 1.99 
Or 4.49 4.14 5.02 5.67 16.72 11.11 28.66 5.02 31.73 15.78 
Ab 32.07 36.30 33.85 21.24 33.76 45.27 32.15 30.55 17.35 18.28 
An 33.02 17.55 23.03 27.13 13.54 9.25 8.90 18.37 6.03 6.29 
Di - - 1.72 5.63 - - - - - -
Hy 17.61 2.56 7.91 17.06 3.60 2.67 1.75 5.95 4.66 3.66 
Mt 2.71 1.09 1.93 1.22 1.51 1.71 1.09 3.68 2.02 0.90 
II 1.22 0.53 0.95 1.56 0.63 0.55 0.55 1.12 0.91 0.32 
Ap 0.71 0.09 0.33 0.31 0.31 0.12 0.19 0.36 0.19 0.09 
mg 55.8 63.2 56.1 52.1 54.1 60.9 52.0 49.5 54.6 59.9 

Trace elements in parts per million 

Ba 609 704 554 537 765 958 1696 361 920 768 
Rb 6 2 2 36 60 15 83 8 180 59 
Sr 483 828 618 196 352 227 549 185 132 224 
Pb 11 6 6 11 10 15 46 13 22 34 
Th 1 II <1 6 7 5 35 1 6 <l 
U 0.5 <0.5 <0.5 1.0 0.5 0.5 0.5 0.5 1.0 <0.5 
Zr 79 148 99 92 163 194 219 322 316 102 
Nb 8 1 3 5 3 2 5 4 6 1 
Y 22 2 8 18 6 2 3 26 17 7 
La 29 46 15 27 35 34 60 21 39 37 
Ce 54 75 29 53 59 58 100 45 63 62 
Nd 23 20 13 23 18 16 27 19 19 18 
Sc 21 6 14 27 7 5 5 15 8 7 
V 85 22 71 165 23 23 18 46 22 19 
Cr 74 6 50 62 11 4 4 12 5 25 
Ni 17 12 26 29 9 3 4 9 7 18 
Cu 9 17 23 31 19 4 12 16 5 11 
Zn 99 24 52 62 26 27 31 60 35 24 
Sn 1 <1 <l 1 <1 <1 <l <l 1 1 
Ga 24 15 18 19 16 17 18 17 12 11 
S 300 300 500 700 200 100 < I 0 0 500 200 200 
KTRb 1050 2910 3530 221 392 1040 485 882 248 376 
Rb/Sr 0.012 0.002 0.003 0.184 0.170 0.066 0.151 0.043 1.36 0.263 
Ce/Y 2.5 37 3.6 2.9 9.8 29 33 1.7 3.7 8.9 
Th/ l ! 2 >22 - 6 14 10 70 2 6 -
Nb/Nb* 0.33 0.03 0.16 0.19 0.06 0.05 0.05 0.19 0.07 0.02 
Sr/Sr* 0.99 1.41 2.31 0.41 0.73 0.50 0.70 0.45 0.26 0.45 

mg = atomic l00Mg/<Mg+Fe- + ). Nb/Nb* = Nb/(0.5(K+La)) and Sr/Sr* = Sr/(0.5(Ce+Nd>), where all element concentrations are 
normalised to estimated primordial mantle abundances (Fig. 17). 
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Sample no. 86285961 86286262 86285871 86285825 

Locality W end  of Samoylov- Aviatorov I km E  of 
Lake icha Peninsula Edgeworth 
Dolgoe Islands S David 

Lithology Bi-Gt-Pl- Gt-Bi-Pl- Gt-Op-Pl- Bi-Gt-Kf-
Qz-Kf Kf-Qz Kf-Qz Qz gneiss 
gneiss gneiss gneiss 

('lassif. Orthogneiss Paragneiss Paragneiss Paragneiss 

SiO, 73.70 72.60 69.00 7 5.(ill 

T iO, 0.13 0.74 0.93 0.53 
A1 ,0 , 14.41 12.37 12.80 11.28 
F e , 0 , 0.19 1.69 1.16 0.35 
FeO 1.67 3.06 4.97 3.32 
MnO 0.03 0.12 0.10 0.08 
MgO 0.61 1.67 2.24 1.39 
CaO 1.58 2.06 2.37 0.33 
NajO 3.25 2.53 2.11 1.26 

K,6 4.06 1.57 3.38 5.65 
P 2 0 , 0.07 0.03 0.15 0.04 
LOI 0.34 0.73 0.55 0.42 
Rest 0.18 0.21 0.36 0.24 

Total 100.22 99.38 100.12 100.49 

o = s 0.00 0.00 0.03 0.01 

Total 100.22 99.38 100.09 100.48 

C.I.P.W. norms 

Q 33.91 43.60 32.69 41.67 
C 1.96 2.84 1.72 2.59 
Or 23.99 9.28 19.97 33.39 
Ah 27.50 21.41 17.85 10.66 
An 7.38 10.02 10.78 1.38 
Di - - - -
Hy 4.27 7.37 12.39 8.53 
Mt 0.28 2.45 1.68 0.51 
11 0.25 1.41 1.77 1.01 
Ap 0.17 0.07 0.36 0.09 
mg 39.4 49.3 44.5 42.7 

Trace elements in parts per million 

B.i 932 657 1011 778 
Rb 69 32 80 157 
Sr 247 308 122 14<S 
Pb 25 12 12 22 
Ih 9 5 21 20 
U 0.5 1.0 1.5 1.0 
Zr 55 232 442 259 
Nb 3 8 40 6 
Y IS 14 95 33 
La 27 27 95 4d 
Ce 56 56 147 86 
Nd 20 19 82 32 
Sc 5 10 12 8 
V 7 94 67 (-.1 
Cr 7 123 (i 72 
Ni 4 32 20 14 
Cu 5 14 23 12 
Zn 16 44 115 33 
Sn <l 1 <1 <l 
Ga 16 12 22 12 
S < I00 <100 M I D 200 
K/Rb 488 407 351 299 
Rb/Sr 0.279 0.104 0.66 0.106 
Ce/Y 3.1 4.0 2.1 2.6 
Th/U 18 5 14 20 
Nb/Nb* 0.05 0.24 0.44 0.06 
Sr/Sr* 0.52 0.66 0.07 0.20 

A n 

Figure 13. Normative Ah-Or-An diagrams for A, felsic or-
thogneisses and B, paragneisses and metapelites from the 
Bunger Hills area, showing plagioclase-alkali feldspar field 
boundary at l.Okb PH2()projected onto the Ab-Or-An face of 
the tetrahedron (after James & Hamilton 1969). The compo
sitional fields are essentially those of O'Connor (1965), 
except that granite and quartz monzonite are combined as 
granite. Symbols as in Figure 12. 

moderate pressure (~10 kb) is required (Wolf & Wyllie 1994). 
Rapp et al. (1991) have shown experimentally that the degree 
of melting required to produce tonalitic melts increases with 
pressure, so that, if melt segregation is most effective for 
such higher degrees of melting (20-35%), an origin by melting 
of a garnet-rich source (eclogite or garnet amphibolite) is 
most likely. 

Negative Nb anomalies are characteristic of subduction-
related magmatism and probably result from the stability of 
residual Ti oxide minerals (ilmenite, rutile, sphene, orperovsk-
ite) under hydrous melting conditions (Saunders et al. 1980, 
1991; Tarney & Weaver 1987). The role of fractional crys
tallisation is difficult to assess, but the lack of correlation of 
Sr anomaly with S iO : indicates that fractionation of plagioclase 
was not a dominant factor. Various degrees of partial melting 
were probably of greater importance (cf. Sheraton & Black 
1983; Sheraton & Collerson 1984). 

Only minor orthogneiss appears to belong to the Y-unde-
pleted suite of Sheraton & Black (1983). This is thought to 
represent partial melts at relatively low P H 2 0 of predominantly 
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CO 

< 

Figure 14. Plot of alumina saturation index (ASI = molecular 
Al103/(Na20+K10+CaO-3.33P2Os)) against Si02 for felsic 
gneisses from the Bunger Hills area. The dashed line sepa
rates the fields of 1-type (igneous-derived) and S-type 
(sedimentary-derived) granitoids (after Chappell & White 
1974). Garnet-bearing gneisses (mostly paragneisses) are dis
tinctly more peraluminous than orthopyroxene-bearing 
orthogneisses. Symbols as in Figure 12. 
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Figure 15. Plot of Y against SiO 2 for for felsic gneisses from 
the Bunger Hills area. Dashed line indicates the approximate 
boundary between fields of Y-depleted and undepleted or
thogneisses of the Napier Complex, Enderby Land (after 
Sheraton & Black 1983). Symbols as in Figure 12. 
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Figure 16. Plot of Ce/Y against Sr for felsic gneisses from the 
Bunger Hills area. Y-depleted orthogneisses commonly have 
high Sr and Ce/Y, consistent with derivation by partial melt
ing of a hornblende(±garnet)-bearing mafic source. Symbols 
as in Figure 12. 

felsic crustal rocks, and tends to have lower Ce/Y and Sr 
(Fig. 16), but higher Zr and Nb. Its spidergrams are generally 
more irregular than those of the Y-depleted suite and are 

Y-depleted • tonalite 
• gronodiorite 
• granite 

o 

Pb I  B a I  U  I N b I C e I  N d I  Z r I Y 
Rb T h K  L a S r P  T i N a 

T '  1 '  1  1 1 '  T 

•Y—undepleted granit e 
• G t - Q z - Fd gneis s 

Pb I  B a I  U  I  N b I  C e I  N d I  Z r I  Y  I 
Rb T h K  L a S r P  T i N a 

Figure 17. Primordial mantle-normalised incompatible ele
ment abundance patterns (spidergrams) for average felsic 
gneisses from the Bunger Hills area. Normalising values (Pb, 
0.20; Rb, 0.63; Ba, 6.91; Th, 0.092; U, 0.022; K, 230; Nb, 
0.71; La, 0.70; Ce, 1.81; Sr, 20.9; Nd, 1.35; P, 95; Zr, 11.1; Ti, 
1270; Y, 4.52; Na, 2890ppm) after Sun & McDonough (1989). 
Y-depleted orthogneisses do not have significant Sr anoma
lies, whereas Y-undepleted orthogneisses have marked 
negative Sr anomalies, consistent with partial melting of fel
sic crustal rocks. 

10 
ppm Rb 

Figure 18. Plot of K against Rb forfelsic gneisses and metape
lites from the Bunger Hills area. Lines of constant KVRb ratio 
are indicated. Symbols as in Figure 12. 

characterised by marked negative Sr anomalies, but no Y 
anomalies (Fig. 17). A negative Sr anomaly would be produced 
by partial melting with major residual plagioclase or by 
plagioclase fractionation (Tarney et al. 1987; Sheraton & 
Black 1988). 

Some orthopyroxene-quartz-feldspar gneiss samples plot 
well within the quartz field on a Q-Ab-Or diagram (Fig. 12B) 
and may well be of sedimentary origin. One such rock, which 
contains about 8 per cent clinopyroxene and unusually calcic 
plagioclase (~An 7 n ) , probably has calc-silicate affinities. 

Very low Rb/Sr (average of 15 Y-depleted tonalites is 
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0.026), high K/Rb (up to 4000: Fig. 18) and low U (Fig. 17) 
of much orthogneiss are consistent with loss of large-ion 
lithophile elements (LILE) during high-grade metamorphism. 
Th/U ranges up to very high values (-100), much greater 
than the estimated crustal average (~3.8: Taylor & McLennan 
1985). Such LILE depletion during granulite-facies metamor
phism is well established (Lambert & Heier 1968: Tarney et 
al. 1972; Rollinson & Windley 1980), although geochemical 
data indicate preferential loss of K and Rb from tonalitic 
gneiss which does not contain significant amounts of a phase, 
such as K-feldspar, capable of retaining these elements (cf. Tarney 
& Windley 1977; Cohen et al. 1991). However, the marked 
compositional similarity, apart from LILE (Fig. 17), of all 
Y-depleted orthogneiss samples (tonalite to granite) suggests 
variable interaction of the magma — during generation, trans
port, or, less likely, emplacement — with an LILE-rich fluid 
phase (Sheraton et al. 1985). Such a fluid, probably subduc-
tion-derived. may be important in the generation of syn-orogenic 
(calc-alkaline) granitic magma (Tarney & Saunders 1979: Pearce 
et al. 1984), and addition of LILE would enhance the negative 
Nb anomaly. Nevertheless, the extremely low Rb content of 
the tonalitic orthogneiss would be difficult to explain without 
some degree of metamorphic depletion (Rb/Sr is commonly 
even less than the estimated primordial mantle value ~0.03: 
Sun & McDonough 1989). The linear trend on an AFM diagram 
(Fig. 19) suggests equilibration of mafic minerals (predomi
nantly orthopyroxene) during metamorphism. 

A Y-depleted granodioritic orthogneiss from near Lake 
Dolgoe has given an ion-microprobe U-Pb zircon age of 
1 6 9 9 ^ 4 , whereas a tonalitic orthogneiss from the Obruchev 
Hills gave a late Archaean conventional U-Pb zircon age of 
2641 t\t  Ma (Sheraton et al. 1992); both are interpreted as 
emplacement ages, and show evidence for isotopic resetting 
during high-grade metamorphism at about 1000-1050 Ma. A 
quartz-rich orthopyroxene-quartz-feldspar gneiss from 
Thomas Island that gave an ion-microprobe emplacement age 
of 1521129 Ma is probably an orthogneiss (Y-undepleted 
granodiorite) that has undergone some degree of metamorphic 
differentiation. It has produced the most precise estimate of 
the age of high-grade metamorphism (1190+15 Ma: Sheraton 
et al. 1992). Tp'l,  model ages of these three orthogneisses 
range from 1970 to 2470 Ma (Table 8). 

Mafic granulit e 
Mafic granulite is interlayered with both felsic orthogneiss 
and metasediments throughout the area. Individual layers are 
rarely more than a few metres thick, but reach 20 m or so 
in places. Some are boudinaged (Fig. 20) and, hence, too 
small to be distinguished at the scale of the map. Most 
probably represent metamorphosed mafic intrusives (e.g., 
dykes), but their texture is granoblastic and mostly equigranular 
polygonal (Fig. 21). Locally discordant bodies, which clearly 
represent younger dykes, are discussed later. 

Most mafic granulite contains colourless to pale green 
diopside or augite (10-20%), pink to pale green pleochroic 
orthopyroxene (10-20%), andesine-labradorite ( A n 4 ( i w i , rarely 
up to An 7 0 ; typically 50-60%). opaque minerals (up to 5%), 
and minor apatite. Representative analyses of pyroxenes are 
given in Table 3. Up to 30 per cent of primary greenish-brown 
hornblende may be present, and up to 5 per cent of reddish-
brown biotite occurs in many layers. In some cases, the biotite 
defines a marked foliation. Quartz is a minor constituent of 
some granulite, although rarely in association with primary 
hornblende. Zircon is a rare accessory. 

A few layers with little or no clinopyroxene may be 
classified as norite (Fuller Island) or leuconorite (southeast 
of Paz Cove). Scapolite occurs in a boudinaged layer at 
Raketa Island. Retrograde effects, particularly evident in the 

southeastern Bunger Hills, include replacement of pyroxene 
by colourless to pale green amphibole and. to a lesser extent, 
biotite. 

Total Fe O 

Figure 19. A (Na20+K20) - F (total FeO) - M (MgO) diagram 
for felsic gneisses and metapelites from the Bunger Hills 
area. Line divides the tholeiitic (upper) and calc-alkaline 
fields of Irvine & Baragar (1971). Symbols as in Figure 12. 

Figure 20. Mafic granulite boudins in migmatitic garnet-cor-
dierite-sillimanite paragneiss; Saturn Island. 

Figure 21. Granoblastic equigranular-polygonal texture in 
mafic granulite (orthopyroxene, clinopyroxene, plagioclase, 
and minor hornblende and opaque minerals); Foster Island. 
Sample 86285914; width of field: 7mm. 
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Ultramafic rock s 
Ultramafic layers and, more commonly, pods are widespread, 
but volumetrically insignificant. The most common varieties 
are hornblende pyroxenite and pyroxene hornblendite, con
taining various amounts of clinopyroxene, orthopyroxene and 
pale brown hornblende. Other bodies contain abundant biotite 
or phlogopite. and olivine or plagioclase may also be present. 
Minor phases include opaque minerals and spinel. A subcon
cordant, but clearly intrusive, body at Zabytyy Island consists 
almost entirely of pale green clinopyroxene, with only minor 
plagioclase, orthopyroxene, and phlogopite. It has an adcu-
mulus texture. 

Garnet-quartz-feldspar gneis s 
Layered, garnet-bearing felsic gneiss (Est)  occurs throughout 
the Bunger Hills and adjacent islands (including the northeast 
Highjump Archipelago), but is rare in the Obruchev Hills. It 
is commonly associated with aluminous metasediments 
(Figs 22-24), and most is probably of sedimentary origin. 
However, some massive, locally discordant leucogneiss of 
granitic composition, with only minor garnet, is clearly of 
intrusive igneous origin. 

Figure 22. Interlayered orthogneiss and paragneiss; south
eastern corner of Algae Lake. Height of cliff about 80m. 

Almandine-pyrope garnet (2-15%), reddish-brown biotite 
(up to 6%), quartz (30-50%), perthite (up to 50%), plagioclase 
(commonly An 2 5 . 4 o: up to 50%) and minor opaque minerals 
and zircon occur in most rocks. Small amounts of apatite, 
rutile, monazite, corundum, spinel, and sillimanite may also 
be present. Some layers contain orthopyroxene (Table 3), 
which is often partly altered to iddingsite or fine-grained 
biotite. Some gneiss contains up to 80 per cent quartz. In 
contrast to the felsic orthogneiss (orthopyroxene-quartz-feld-
spar gneiss), garnet-bearing gneiss is mostly relatively potassic, 
with K-feldspar being the dominant feldspar. However, some 
contains only antiperthite, and apparently corresponds to the 
biotite-garnet-plagioclase gneiss group of Ravich et al. (1968). 

Most garnet-bearing gneiss samples plot in the quartz field 
on the Q-Ab-Or diagram (Fig. 12B), consistent with a sedi
mentary origin, although those plotting near the granite mini
mum may well represent partial melts. This contrasts with 
the abundance of garnet leucogneiss of intrusive igneous 
origin in the Napier Complex (Sheraton & Black 1983). 
Garnet-bearing orthogneiss is significantly C-normative (Table 2, 
Fig. 14) and therefore corresponds to the S-type (sedimen
tary-derived) granitoid of Chappell & White (1974). Garnet 
gneiss in general has lower Ce/Y and Sr than orthopyroxene-
bearing orthogneiss (Fig. 16) and more irregular spidergrams 
with marked negative Sr anomalies (Fig. 17). Such patterns 
are typical of felsic igneous rocks formed by intracrustal 
melting and of clastic sedimentary rocks derived from them 

(Tarney et al. 1987). K/Rb tends to be lower, for a given K 
content, than those of the orthopyroxene-bearing gneiss (Fig. 18). 

Aluminous metasediment s 
Aluminous metasediments (metapelites) (Esm)  crop out with 
garnet-quartz-feldspar gneiss in much of the Bunger Hills 
and nearby islands (Figs 22-24). They characteristically con
tain significant amounts of sillimanite and cordierite (Figs 25, 
26). Garnet (usually 5-25%), sillimanite (up to 10%), red
dish-brown biotite (up to 10%), cordierite (up to 25%), 
commonly antiperthitic oligoclase-andesine (up to 25%). quartz 
(25-50%), perthite (up to 45%), opaque minerals (magnetite 
+ ilmenite: up to 3%), and minor dark green or brownish-green 
spinel are prominent constituents. Accessory minerals comprise 
zircon, rutile, corundum, monazite, and rare apatite and 
?chevkinite. Some layers contain orthopyroxene, generally 
rather altered. Cordierite is partly replaced by pinite and/or 
biotite. Corundum occurs in association with opaque oxides 
and spinel (Figs 27, 28), which are often intergrown. Spinel, 
sillimanite, biotite and quartz all occur as inclusions in garnet. 
Many of the metapelites have a marked foliation, defined by 
aligned biotite or sillimanite grains (Fig. 25). 
Typical assemblages are: 

• garnet + sillimanite ± biotite + K-feldspar + plagioclase 
+ quartz, 

• garnet + sillimanite + cordierite ± biotite + K-feldspar 
+ plagioclase + quartz, and 

• garnet + cordierite + biotite + K-feldspar + plagioclase 
+ quartz. 

Figure 23. Layered orthopyroxene-quartz-feldspar gneiss, 
garnet-quartz-feldspar gneiss, and metapelite; Aviatorov 
Peninsula. Felsic boudins at right. Height of cliff about 50m. 

Figure 24. Mega-xenolith of garnet leucogneiss, metapelite, 
and mafic granulite in Paz Cove batholith (dark rocks in 
background); southern end of Paz Cove. Dolerite dyke at 
bottom right. 
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In many rocks, biotite is clearly secondary, but in others it 
appears to be primary. The assemblage 

• garnet + cordierite + orthopyroxene + biotite + K-feld
spar + plagioclase + quartz 

is restricted mainly to migmatitic metasediments adjacent to 
the Booth Peninsula batholith. A few rocks (e.g. from Thomas 
Island and Krylatyy Peninsula) contain spinel + quartz, either 
in contact, or separated only by thin rims of cordierite, 
sillimanite, or garnet (Figs 27, 29). Stiiwe & Powell (1989a) 
have suggested that the assemblages (with quartz and feldspar): 

• garnet + cordierite + spinel + spinel + ilmenite, and 
• garnet + sillimanite + spinel + ilmenite + rutile 

were originally more widely distributed in the metapelites, 
although in most cases spinel is rimmed by a massive reaction 

corona of garnet, cordierite, or sillimanite (Figs 30-32). Co
existing sillimanite and orthopyroxene have not been found, 
and sapphirine was noted in only one sample from moraine 
in the central Bunger Hills, in association with biotite, cor
dierite, orthopyroxene, and minor antiperthite (i.e. a silica-
deficient assemblage). 

Near the large intrusive bodies of the central Bunger Hills 
and Booth Peninsula, aluminous gneiss is particularly strongly 
migmatised, with extensive development of granitic leucosome 
containing irregular, often diffuse layers and schlieren of 
aluminous melanosome (Fig. 33). Much of this migmatitic 
gneiss is relatively rich in cordierite (10-25%), with lesser 
amounts of garnet, sillimanite. biotite, and spinel, as well as 
quartz and feldspar. Typical exposures are west of Paz Cove, 

Table 3. Representative analyses of minerals in felsic gneisses (samples 1-4,8) and mafic granulites (samples 5-7) from 
Bunger Hills area, and felsic gneiss (sample 9) from Cape Charcot, Denman Glacier area. Sample details are given in 
Table 23. 

/ 2 3 4 5 
86285679 86285979 86286056 86286072 86285984 

Op Gt Op Gt Op Gt Op Gt Op Gt Cp 

SiO, 51.74 39.22 51.54 38.16 49.94 38.08 10.54 38.90 51.61 38.27 52.24 
TiO, - - - - 0.17 - 0.18 - - - 0.16 
A 1 , 0 , 4.89 21.84 2.07 20.94 4.61 21.19 4.77 21.73 1.27 20.77 2.58 
FeO* 22.77 26.84 29.59 50.49 27.79 30.83 24.21 27.58 28.32 28.21 12.13 
MnO 0.23 1.03 0.30 0.99 0.28 1.11 0.42 1.02 0.34 1.19 -
MgO 21.20 9.60 16.73 5.66 17.39 7.01 19.41 9.19 16.95 4.30 10.56 
CaO - 1.44 0.28 3.41 - 1.55 0.16 1.67 0.55 7.25 21.83 
N a , 0 - 0.19 0.31 0.30 - 0.24 0.30 0.21 0.18 - 0.55 
Total 100.83 100.17 100.83 99.95 100.18 100.02 99.99 100.30 99.24 99.99 100.05 

0 6 12 6 12 6 12 6 12 6 12 6 
Si 1.905 3.009 1.966 3.011 1.900 2.993 1.898 2.995 1.992 3.020 1.970 
A l h 0.095 0.034 - 0.100 0.007 0.102 0.005 0.008 - 0.030 
A I v i 0.117 1.975 0.059 1.948 0.107 1.956 0.109 1.968 0.050 1.932 0.085 
Ti - - - - 0.005 - 0.005 - - - 0.005 
Fe 0.701 1.722 (1.944 2.012 0.884 2.026 0.760 1.776 0.914 1.863 0.383 
Mn 0.007 0.067 0.010 0.067 0.009 0.074 0.013 0.066 0.011 0.079 -
Mg 1.163 1.098 0.951 0.665 0.986 0.821 1.086 1.054 0.975 0.506 0.594 
Ca - 0.118 0.012 0.289 - 0.131 0.007 0.138 0.023 0.613 0.882 
Na 0.029 0.023 0.046 - 0.037 0.022 0.031 0.014 - 0.040 
Total 3.989 8.018 3.999 8.038 3.992 8.044 4.003 8.034 3.986 8.013 3.988 

mg 62.4 38.9 50.2 24.8 52.7 28.8 58.8 37.2 51.6 21.4 60.8 

+ Total Fe as FeO. mg = atomic 100Mg/(Mg+totalFe). 

6 7 8 9 
86285859 86285956 86286012 86285893 

Op Cp Op Cp Op Cp Op Cp 

SiO, 53.27 52.76 53.25 52.56 53.46 53.71 53.73 54.17 
TiO, 0.10 0.15 - 0.16 - - - -
A l , 0 3 1.49 2.25 1.24 2.54 0.76 1.71 0.52 0.90 
Feb* 22.60 9.18 22.60 10.43 22.23 8.19 25.62 9.38 
MnO 0.91 0.30 0.75 0.20 0.69 0.16 0.55 0.14 
MgO 20.80 12.85 21.38 12.56 21.84 13.29 19.48 13.74 
CaO 0.66 21.76 0.55 21.12 0.40 21.95 0.62 21.38 
NajO 0.18 0.53 0.19 0.57 0.15 0.69 - 0.50 
Total 100.02 99.79 99.96 100.14 99.53 99.70 100.53 100.21 

O 6 6 6 6 6 6 6 6 
Si 1.987 1.971 1.986 1.963 1.998 1.996 2.015 2.009 
Al " 0.013 0.029 0.014 0.037 0.002 0.004 - -
A l " 0.053 0.070 0.031 0.075 0.032 0.071 0.023 0.039 
Ti 0.003 0.004 - 0.005 - - - -
Fe 0.705 0.287 0.705 0.326 0.695 0.255 0.804 0.291 
Mn 0.029 0.010 0.024 0.006 0.022 0.005 0.018 0.005 
Mg 1.156 0.716 1.189 0.699 1.217 0.7.36 1.089 0.760 
Ca 0.026 0.871 0.022 0.845 0.016 0.874 0.025 0.850 
Na 0.013 0.039 0.014 0.041 0.011 0.050 - 0.036 
Total 3.984 3.995 3.994 3.997 3.991 3.991 3.973 3.989 

mg 62.1 71.4 62.8 68.2 63.7 74.3 57.5 72.3 
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Thomas Island, Fuller Island, and the islands north and south 
of Booth Peninsula (e.g. Miles and Obryvistyy Islands). 

The metapelites were clearly derived from more mature 
sediments than most of the garnet-quartz-feldspar gneiss. 

Figure 25. Garnet-sillimanite-quartz-K-feldspar paragneiss 
(metapelite), showing sillimanite-rich layers with minor bi
otite passing around partly rotated garnets with sieve-like 
texture; southwestern Thomas Island. Sample 86285636; 
width of field: 15mm. 

Figure 26. Sillimanite-garnet-cordierite-quartz gneiss 
(psammo-pelite), showing garnet+sillimanite and cordierite-
rich layers; southeastern Paz Cove. Sample 86285885; width 
of field: 8mm. Mineral abbreviations as in Table 1. 

Figure 27. Corundum intergrown with opaque minerals and 
spinel in sillimanite-biotite-garnet-plagioclase-K-feldspar-
quartz metapelite; northern Thomas Island. Spinel is 
separated from quartz by only a thin rim of sillimanite. Sam
ple 86285631; width of field: 1.5mm. 

They are richer in quartz, tend to be more potassic (higher 
Or/Ab: Figs 12, 13), and are more depleted in CaO and Sr 
(Table 4, Fig. 16). There is a reasonably good correlation of 
the observed mineral assemblages in the various metasedi-
mentary rocks with those predicted from a modified AFM 
diagram (Fig. 34). None of the metapelite samples has such 
high K/Rb as the more extreme orthogneiss values, even for 

Figure 28. Corundum intergrown with opaque minerals and 
spinel in cordierite-biotite-sillimanite-garnet-K-feldspar-
quartz metapelite; northern Thomas Island. Sample 
86285634; width of field: 0.8mm. 

Figure 29. Spinel separated from quartz by thin rims of 
cordierite or garnet; sillimanite-biotite-garnet-plagioclase-
K-feldspar-quartz metapelite; northern Thomas Island. 
Sample 86285631; width of field: 0.9mm. 

Figure 30. Spinel enclosed by garnet in garnet-cordierite-
plagioclase-quartz metapelite; Fuller Island. Sample 
86285853; width of field: 1.5mm. 



J.W. Sheraton  et  al  1 5 

Figure 31. Spinel rimmed by sillimanite, enclosed by garnet, 
in garnet-sillimanite-cordierite-plagioclase-K-feldspar-
quartz metapelite; Saturn Island. Sample 86285842; width of 
field: 1.2mm. 

Figure 32. Spinel enclosed by sillimanite and cordierite in 
sillimanite-garnet-cordierite-plagioclase-K-feldspar-quartz 
metapelite; Zabytyy Island. Sample 86286248; width of field; 
1.2mm. 

Figure 33. Migmatitic garnet-cordierite-quartz-feldspar 
paragneiss, showing partial melt bodies; west of Paz Cove. 

low K contents (Fig. 18), which suggests that the high ratios 
of many of the orthogneiss samples may partly reflect high 
primary igneous values, rather than being entirely due to 
metamorphic depletion of LILE. 

Quartzite 
Impure quartzite is a minor component of the layered me
tasediments (garnet gneiss and metapelite) already discussed. 

+ O p - G t - Q z - F d gne is s 

x G t - Q z - F d gne is s 

i Gt—S i m e t a p e l i t e 

M 

o G t - C d m e t a p e l i t e 

* G t - S i - C d m e t a p e l i t e 

• G t - O p - C d m e t a p e l i t e 

Figure 34. Modified A'FM diagram for paragneisses and 
metapelites from the Bunger Hills area. A' = AUOy 
(K20+Na20+CaO), F = total Fe as FeO, M = MgO (all as 
molecular proportions). Mineral abbreviations as in 
Table 1. 

Apart from quartz (up to 90%), subordinate garnet, sillimanite, 
K-feldspar, plagioclase, biotite, and orthopyroxene may be 
present. Ravich et al. (1968) described a layer of garnet 
quartzite 150 m thick at Grace Rocks, but this was not 
examined in 1986. 

Calc-silicate rock s an d marbl e 
These occur in association with other metasedimentary rocks 
throughout the Bunger Hills and adjacent islands, but are 
only of minor volume. They form concordant, mostly 
boudinaged, layers with individual boudins averaging a few 
metres long. Ravich et al. (1968) described these rocks in 
detail and recognised several major variants. Marble and 
diopside-forsterite marble are widespread and contain subor
dinate quartz, plagioclase, scapolite, phlogopite, spinel, sphene, 
amphibole, garnet, and apatite. Scapolite-diopside, diopside, 
and plagioclase-diopside rocks are the commonest of the 
calc-silicates, and form layers and boudins, as well as marginal 
zones to the marbles. Scapolite-diopside rocks generally con
tain 10-35 per cent quartz and 5-15 per cent carbonate. 
Plagioclase is mainly sodic bytownite (An 6 9 . 8 2 ) . Minor phases 
in the calc-silicate rocks are sphene, spinel, phlogopite, apatite, 
opaque minerals, and rare garnet. 

Certain two-pyroxene and two-pyroxene-plagioclase rocks, 
in which diopside is more abundant than orthopyroxene, 
should probably be classified as calc-silicate, rather than the 
igneous pyroxenite described above. Alteration of calc-silicate 
bodies in retrograde zones has locally resulted in the formation 
of phlogopite-tremolite schist. 

Igneous rock s 
Mafic t o felsi c plutoni c rock s 
Three intrusive bodies (charnockites of Ravich et al. 1968), 
5-20 km across, crop out in the Bunger Hills: the Algae 
Lake pluton and the Paz Cove and Booth Peninsula batholiths. 
They clearly postdate the peak of the high-grade metamorphism 
and were probably emplaced during or after the third major 
deformation (D,). Contacts are mostly subconcordant and 
commonly indistinct, and may be transitional in places. How-
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Figure 35. Intrusive contact of Paz Cove batholith with felsic 
orthogneiss; Vertoletnyy Peninsula. (University of Melbourne 
photograph). 

HI*HrMM*H9flH*HtH°HH*l 

Figure 36. Gneiss xenoliths in foliated granitic intrusive; 
Bunger Hills. (University of Melbourne photograph). 

ever, there are many clear examples of cross-cutting contacts 
(Fig. 35) and xenoliths of country rocks are present locally 
(Fig. 36). All three bodies are characterised by the presence 
of orthopyroxene, with lesser amounts of clinopyroxene, bi
otite, and hornblende. Their composition ranges from gabbro 
to granite, and at least three geochemically distinct suites 
(gabbroic, granitic, and quartz monzodioritic) are present 
(Sheraton et al. 1992). 

The Algae Lake pluton and Paz Cove batholith crop out 
over about 20 and 80 km 2 , respectively, although the former 
may be much larger if it extends under the Apfel Glacier to 
the isolated Grace Rocks, about 10 km to the south. These 
two bodies were termed the Lake Figure and Fishtail Gulf 
plutons, respectively, by Sheraton et al. (1992), but have been 
(informally) renamed to reflect the official AUSLIG nomen
clature of geographic features. Pluton is used for a single, 
compositionally coherent intrusion, whereas batholith refers 
to a composite body comprising two or more compositionally 
distinct, genetically unrelated components. The Algae Lake 
pluton consists of quartz gabbro and quartz monzogabbro. 
grading locally into quartz monzonite (Egh).  Most of the Paz 
Cove batholith is compositionally similar, but granite (Ego) 
crops out on the western side, on Vertoletnyy and Krylatyy 
Peninsulas. 

The Booth Peninsula batholith (Charnockite Peninsula 
pluton of Sheraton et al. 1992) is the largest (at least 300 km 2 ) 
and compositionally most varied body. It makes up most of 
Booth, Geomorfologov, and Countess Peninsulas and nearby 
islands, and part of Miles Island (Fig. 37). It is generally 
more felsic than the other two bodies (quartz monzodiorite 
to quartz monzonite (Egi),  and granite (Egc),  but also includes 
a significant proportion of gabbro and quartz gabbro (Egr). 

Contacts between the various plutonic rock types are 
difficult to map in detail as they are generally indistinct and 
most rocks have the dark reddish-brown colour typical of 
outcrops of 'charnockitic' intrusions. In general, the more 
felsic varieties postdate the more mafic, although locally they 
grade into one another. Emplacement of the Paz Cove and 
Booth Peninsula batholiths, in particular, was accompanied 

Figure 37. Outcrops of orthopyroxene granite of the Booth Peninsula bathoUth; eastern Booth Peninsula, looking southwest. 
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by widespread migmatisation of the metasedimentary country 
rocks. 

GabbroiC rocks . The Algae Lake pluton and Paz Cove 
batholith are petrographically very similar, although the latter 
is interlayered with country rock gneiss (predominantly me
tasediments) towards the contact, and also contains blocks of 
gneiss hundreds of metres long, such as near the southeastern 
corner of Paz Cove (Fig. 24). Both bodies consist predomi
nantly of quartz gabbro or leucogabbro and quartz monzogab
bro, grading into quartz monzonite or granodiorite. The 
presence of labradorite and pyroxene is consistent with these 
rocks being termed gabbros (strictly gabbronorites) rather 

than diorites, although their association with more felsic rocks 
is more typical of diorites. 

Texture is hypidiomorphic or allotriomorphic granular to 
intergranular (Figs 38, 39), and myrmekitic intergrowths are 
common. Most rocks are medium-grained (0.2-2 mm) and 
relatively equigranular, although some contain plagioclase 
crystals up to 5 mm across. Rocks near the contacts, particu
larly in the Paz Cove intrusion, have a foliation defined by 
oriented biotite grains and plagioclase laths (Figs 40, 41). 
Nevertheless, the texture is essentially igneous (intergranular), 
rather than a superimposed metamorphic one. 

The gabbroic rocks comprise greenish-brown pargasitic or 
hastingsitic hornblende (Leake 1978) (up to 6%), reddish-

Table 4. Chemical analyses of representative aluminous metasediments from Bunger Hills area. 
Sample no. 86285995 86285659 86285868 86285852 86285691 86285963 86285607 86285645 

Locality Raketa Thomas Aviatorov Fuller 1km S  of 6km S  of Currituck Thomas 
Island Island E Peninsula S Island Edgeworth Edgeworth Island Island NW 

David David 

Lithology Op-Gt-Qz- Gt-Cd Bi-Gt-Cd Sp-Gt-Cd Cd-Gt-Bi- Si-Gt-Cd Si-Gt Bi-Gt-PI 
Pl gneiss petite petite petite Si petite pelite pelite quartzite 

SiCb 68.50 66.3(1 66.50 57.40 66.30 70.00 56.30 82.50 
T i 0 2 0.44 0.95 0.92 1.34 0.82 0.93 1.54 0.94 

AI2O3 13.55 16.24 14.08 20.81 16.73 15.46 23.45 6.35 

F e 2 0 3 1.34 2.83 1.01 5.43 2.80 0.97 3.49 0.73 

FeO 7.56 4.32 6.24 8.01 4.18 5.71 7.79 4.55 
MnO 0.33 0.24 0.12 0.44 0.16 0.09 0.11 0.09 

MgO 3.35 2.46 3.38 4.46 2.64 3.61 3.09 1.96 

CaO 1.10 0.87 0.52 0.50 0.55 0.24 2.07 0.90 

N a : 0 2.52 1.74 0.90 0.59 0.80 0.25 1.00 0.41 

KiO 1.12 3.22 4.87 0.40 3.70 1.24 0.31 0.52 

P2O5 0.02 0.03 0.03 0.02 0.04 0.03 0.05 0.03 

LOI 0.45 0.84 1.17 0.91 1.15 1.07 0.76 0.55 
Rest 0.12 0.26 0.30 0.18 0.33 0.17 0.24 0.20 

Total 100.40 100.30 100.04 100.49 100.20 99.77 100.20 99.73 

0 = S 0.00 0.00 0.02 0.01 0.03 0.01 0.01 0.04 

Total 100.40 100.30 100.02 100.48 100.17 99.76 100.19 99.69 

mg 44.1 50.4 49.1 49.8 53.0 53.0 41.4 43.4 

Trace elements in parts per mil ion 

Ba 295 SSI 962 109 1063 379 244 143 
Rb 9 89 155 14 127 4(1 10 24 
Sr 135 145 133 62 158 31 82 27 

Pb 11 31 21 4 19 5 7 4 
1 h 2 1 3 1 18 3 7 5 
U 0.5 1.0 1.5 <0.5 1.0 1.0 <0.5 <0.5 
Zr 149 357 297 217 241 240 265 192 
Nb 4 10 10 4 1(1 8 19 13 
Y 25 29 36 5 32 31 32 19 

La 32 35 25 14 48 11 33 19 

Ce 55 58 40 24 94 19 66 35 
Nd 17 16 13 8 34 8 28 14 

Sc 11 14 15 16 14 15 26 10 

V 44 102 116 212 95 131 194 IIS 

Cr 43 119 96 217 104 9 9 430 75 

Ni 7 34 19 64 39 2h 52 21 

Cu 1 7 22 19 29 22 13 18 
Zn 31 77 76 143 58 64 75 47 

Sn <1 2 <1 <1 2 <l 1 <1 

Ga 12 21 18 39 21 2 ! 32 7 

S 100 100 500 200 600 200 200 900 

K/Rb 1030 300 261 237 242 257 257 180 

Rb/Sr 0.067 0.61 1.17 0.23 0.80 1.29 0.12 0.89 

Ce/Y 2.2 2.0 I.I 4.8 2.9 0.61 2.1 1.8 

Th/U 4 1 2 >2 18 3 >14 >10 
Nb/Nb* 0.13 0.17 0.13 0.33 0.14 0.37 0.92 0.80 
Sr/Sr* 0.30 0.32 0.40 0.31 0.20 0.18 0.14 0.09 

mg = atomic t00Mg/(Mg+Fe 2 + ) . 
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Figure 38. Biotite-clinopyroxene-orthopyroxene gabbro 
(gabbronorite, s.s.) from the Booth Peninsula batholith, 
showing typical intergranular texture; Black Island, south
east of Thomas Island. Sample 86285846; cross-polarised 
light; width of field: 8mm. 

1 
Figure 39. Clinopyroxene-biotite-orthopyroxene quartz gab
bro from the Paz Cove batholith, showing intergranular 
texture and randomly orientated biotite grains (top centre); 
east of Paz Cove. Sample 86286242; cross-polarised light; 
width of field: 10mm. 

brown b io t i t e (up to 6%) , aug i te (Ca 4 5 Mg„,Fe | 9 to 
C a 4 2 M g 2 2 F e , 6 : 2-6%), pale pink to green pleochroic orthopy
roxene (Ca 2Mg5 5Fe43 to Ca 2 Mg, ( ) Fe h 8 : 6-20%), quartz (4-18%), 
perthitic K-feldspar (up to 30%), zoned plagioclase (mostly 
A n 5 0 . 6 5 , with some grains to An 7 3 : 35-75%), ilmenite + 
magnetite (1-3%), and minor apatite and zircon. Quartz 
monzogabbro, grading into quartz monzonite, contains less 
orthopyroxene (6-12%) and plagioclase (35-55%), and more 
quartz (10-18%) and K-feldspar (10-30%) than quartz gabbro. 
Such rocks predominate at Grace Rocks. 

Representative analyses of mafic minerals are given in 
Table 5. Biotite is mostly of late crystallisation and randomly 
orientated in the centres of the plutons, but more or less 
aligned near the margins. It is mostly intergrown with quartz, 
suggesting replacement of early pyroxene (Fig. 42). Horn
blende commonly forms large poikilitic grains up to 5 mm 
across. Plagioclase may be slightly zoned, and K-feldspar is 
strongly perthitic and commonly poikilitic. Near the northern 
end of the peninsula east of Paz Cove and, more particularly, 
on Geologov Island, the quartz gabbro/quartz monzogabbro 
contains small irregular lenses or schlieren (about 1 cm thick 
and tens of cms across) of somewhat coarser grained granite 
(Fig. 43). Such rocks have granodioritic bulk compositions. 
The granitic lenses contain only minor orthopyroxene and 
hornblende (Fig. 44), and possibly represent a residual liquid 

Figure 40. Strongly foliated biotite-clinopyroxene-orthopy-
roxene quartz monzogabbro, showing essentially 
intergranular texture with strongly aligned biotite grains and 
plagioclase laths, and zoned plagioclase phenocrysts; Kry-
latyy Peninsula. Sample 86286084; cross-polarised light in 
lower photo; width of field: 5mm. 

which segregated from the crystallising magma during em
placement. 

Gabbro and quartz gabbro crop out in a belt 15 km long, 
from Fuller Island to western Miles Island, on the western 
side of the Booth Peninsula batholith. They are petrographically 
similar to the more mafic components of the Algae Lake and 
Paz Cove intrusions, and consist of biotite (2-5%), diopside 
(Ca 4,,Mg,f,Fe| 8: 5-15%), hypersthene ( C a ^ g ^ F e . , , : 15-20%), 
K-feldspar (up to 5%), quartz (up to 8%), plagioclase (An 5 0_ (, 3: 
55-60%), ilmenite + magnetite (1-3%), and minor apatite. 
Greenish-brown hornblende is present locally, partly replacing 
pyroxene. 

Pressure-temperature (P-T) estimates for the gabbroic and 
other plutonic rocks, obtained by a variety of methods, are 
given in Table 6. The two-pyroxene geothermometers of Wood 
& Banno (1973) and Wells (1977) give temperatures of 
800-900°C, in reasonable agreement with the Al" -in-amphibole 
thermometer of Blundy & Holland (1990) and the higher of 
the values obtained by the Ti-in-biotite method of Luhr et al. 
(1984). However, the graphical two-pyroxene thermometer of 
Lindsley (1983) gives temperatures of 700-800°C (Fig. 45). 

Pressure estimates are mostly between 5 and 7 kb, using 
the Al-in-amphibole geobarometer of Johnson & Rutherford 
(1989) and clinopyroxene-plagioclase-quartz equilibria (Ellis, 
1980). Pressures calculated using the Al-in-amphibole ba
rometer of Schmidt (1992) tend to be higher (6.7-7.7 kb), 
but this calibration was carried out under water-saturated 
conditions and is not, therefore, strictly applicable to the 



Figure 41. Moderately foliated clinopyroxene-biotite-or-
thopyroxene quartz monzogabbro, showing intergranular 
texture with some alignment of biotite and plagioclase grains; 
Krylatyy Peninsula. Larger plagioclase grains are zoned. 
Sample 86286083; cross-polarised light in lower photo; width 
of field: 7mm. 

Figure 42. Randomly orientated intergrowth of biotite and 
quartz replacing pyroxene (mostly orthopyroxene) in clinopy-
roxene-biotite-orthopyroxene quartz gabbro; east of Paz 
Cove. Sample 86286242; width of field; 8mm. 

Bunger Hills rocks. Garnet granite (86286088) gives a pressure 
of 4.1 kb (at 850°C) using the garnet-orthopyroxene-plagio-
clase-quartz barometer of Perkins & Chipera (1985), but the 
solubility of A 1 : 0 , in orthopyroxene coexisting with garnet 
does not give sensible results. The equation of Harley & Green 
(1982) gives 18.5 kb at 850°C, whereas that of Harley (1984b) 
gives negative pressures. This is probably due to the very 
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Figure 43. Small lensoid bodies of orthopyroxene-horn-
blende granite, possibly representing a residual liquid, in 
clinopyroxene-hornblende-orthopyroxene quartz mon
zogabbro; Geologov Island. A, View approximately parallel to 
foliation. B, Cross-section. 

Figure 44. Lens of orthopyroxene-hornblende granite in 
clinopyroxene-hornblende-orthopyroxene quartz monzo
gabbro; Geologov Island. The granite is relatively coarse 
grained. Sample 86286218; width of field: 16mm. 

Fe-rich compositions of the minerals in this rock and extremely 
high Kd  frZ'tf.  (~100) values involved (see discussion in 
Harley 1984b). 

Taken together, the data are consistent with emplacement 
of all three bodies about 20 km deep in the crust during the 
waning stages of granulite-facies metamorphism, followed by 
slow cooling and re-equilibration. 
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• Gabbroic  rocks 

° Quartz  monzodioritic 
rocks 

• Booth  Peninsula 
granite 

D Paz  Cove  granite 

* David  Island  monzonite 

a David  Island  syenite 

Figure 45. Pyroxene compositions for Bunger Hills and 
David Island plutonic rocks plotted on the graphical geother-
mometer of Lindsley (1983) for a pressure of 5kb. Pigeonites 
plot near the boundary of the 'forbidden zone' (short-dashed 
line), pyroxene relations to the right of which are metastable 
with respect to augite+olivine+silica, and have bulk com-
postions consistent with crystallisation at 800-850°C. Note 
that pyroxene end-members are corrected for non-quadrilat
eral components (see Lindsley, 1983). 

Most rocks from the Algae Lake pluton (including Grace 
Rocks) and Paz Cove batholith, as well as the more mafic 
components of the Booth Peninsula batholith, apparently form 
a single suite ranging from gabbro to quartz monzogabbro 
(Table 7, Fig. 46). They are relatively evolved (mg  = atomic 
100Mg/(Mg+Fe 2 +) = 28-67, S i 0 2 51.0-59.6%) and show a 
marked tholeiitic Fe-enrichment trend on an AFM diagram 
(Fig. 47). Normative compositions show a wide range of 
Si0 2-saturation (Fig. 48) and a trend displaced towards the 
Or apex on an Ab-Or-An diagram (Fig. 49). Such trends are 
typical of plutonic rocks in other Antarctic granulite terranes, 
including the late Archaean Crooked Lake Gneiss in the 
Vestfold Hills (Sheraton & Collerson 1984) and the Meso
proterozoic Mawson Charnockite (Sheraton 1982). 

High P C 0 2 > as is commonly inferred for granulite terranes 
(Wendlandt 1981), and high An content (James & Hamilton 
1969) both tend to result in fractionation trends characterised 
by high Or/Ab; granitic minimum melts become poorer in 
quartz at high pressures (Huang & Wyllie 1975). KTRb does 
not approach the very high values of some country rock 
orthogneiss, although the least evolved gabbro and quartz 
gabbro samples tend to have higher ratios than the other 
gabbroic rocks (Fig. 50). Pt (<0.5 ppb), Pd (0.5-0.9 ppb), 
and Au (<1.0-2.0 ppb) are all very low (Sheraton et al. 1992), 
consistent with the S-saturated (300-1400 ppm S) nature of 
the magmas (Hamlyn & Keays 1986). 
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Figure 46. Si02 variation diagrams for Bunger Hills plutonic rocks. 
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Q Total Fe O 

K 2 0 + N a 2 0 Mg O 

Figure 47. A-F-M diagram for Bunger Hills plutonic rocks, 
showing the early Fe-enrichment (tholeiitic) trend of the gab
broic rocks. Boundary between tholeiitic and calc-alkaline 
fields after Irvine & Baragar (1971). Symbols as in Figure 46. 

Essentially continuous variation trends (Figs 46-50) and 
near-constant incompatible element ratios (Fig. 51) for most 
of the gabbroic rocks are consistent with a common origin 
and suggest that fractional crystallisation was important in 
their petrogenesis. Fractionation of orthopyroxene, clinopy
roxene, plagioclase, and minor ilmenite can explain most of 
the chemical variations, as well as differences in the generally 
very similar spidergrams (Fig. 52). However, petrogenetic 
modelling by Sheraton et al. (1992) has shown that significant 
fractionation of olivine (or an Ol-normative mineral such as 
biotite or hornblende), for which there is no petrographic 
evidence, would also be required. Moreover, trends of normative 
Hy and Di, as well as alumina-saturation, for individual rock 
types on S i 0 2 variation diagrams tend to be oblique to the 
overall trends (Fig. 53), and some elements, such as P 2 O s , 
show significant variation for a given S iO : content (Fig. 46). 
Such features probably reflect differences in the degree and/or 
conditions of melting and imply that the gabbro, quartz gabbro 
and quartz monzogabbro were derived from distinct parent 
magmas. Nevertheless, REE data are consistent with virtually 
all of the gabbroic rocks having been derived by partial 
melting of a similar mantle source with only relatively small 
variations in the amount of residual (or fractionating) cli
nopyroxene (Sheraton et al. 1992). 

Ratios of LILE, LREE, and HFSE (high field strength 
elements: P, Nb, Zr, Ti, etc.), which, for sub-alkaline mafic 
rocks at least, are essentially incompatible during partial 
melting or fractionation processes, should reflect those of the 
source region. Many such ratios are indeed essentially constant 
over the whole compositional range of the gabbroic rocks 
(Fig. 51), and hence should approximate those of the mantle 
source. HFSE ratios (P/Zr, Nb/Zr) are close to estimated 
primordial mantle (PM) values (Sun & McDonough 1989), 
whereas the source appears to have been strongly enriched 
in LREE and particularly LILE. 

It is very unlikely, in view of the near-constant LILE/HFSE 
ratios, that this enrichment was due to AFC (assimilation-
fractional crystallisation) processes (DePaolo 1981). However, 
the significant scatter for many of these elements could be 
due to crustal contamination, source heterogeneity, or both. 
Source heterogeneity is suggested by the higher Nb/Zr (and 
possibly K/Zr) of the two gabbro samples, and the significant 
differences in P/Zr may reflect an irregular distribution of 

Figure 48. Normative Q-Ab-Or diagram for Bunger Hills 
plutonic rocks, showing the distinct trend defined by the 
quartz monzodioiitic rocks of the Booth Peninsula batholith. 
Quartz-feldspar field boundaries after Tuttle & Bowen 
(1958). Symbols as in Figure 46. 

apatite in the mantle source (Menzies & Wass 1983). Negative 
Nb anomalies on the spidergrams (Fig. 52) are characteristic 
of subduction-related magmatism, and metasomatic enrichment 
of the subcontinental lithosphere in LILE and LREE — ulti
mately derived by partial melting of subducted oceanic crust, 
probably with a sedimentary component — could produce the 
required Nb-poor mantle (Tarney & Weaver 1987; Nelson & 
McCulloch 1989; Sun & McDonough 1989). Very low Th 
and U (Fig. 52) may be a result of these elements having 
migrated in hydrous fluids (Smithson & Heier, 1971) towards 
the upper parts of the intrusions, which have since been 
removed by erosion. 

Isotopic data are consistent with derivation of the gabbroic 
rocks from a heterogeneous long-enriched mantle source 
(initial 8 7 Sr / 8 6 Sr = Sr, = 0.7091-0.7144, e N d -9 .4 : Table 8). The 
very high Sr, and low e N d values are, presumably, of crustal 
origin, but whether they entirely reflect subduction-related 
mantle-enrichment processes or are partly due to more direct 
crustal contamination is uncertain. Nevertheless, a remodel 
age of 2310 Ma for a quartz monzogabbro, if taken at face 
value, suggests that source enrichment may have been coeval 
with continental crust formation (Table 8). Quartz monzogab
bro from both the Algae Lake and Paz Cove bodies has given 
indistinguishable conventional zircon U-Pb ages of 1171 ±3 
and 1170+4 Ma, respectively (Sheraton et al. 1992). 

Granitic rocks . Medium to coarse-grained, slightly por-
phyritic, garnet-orthopyroxene granite crops out on the western 
side of the Paz Cove batholith. Unlike the gabbroic rocks, 
the granite does not have a distinct foliation. It comprises 
iron-rich orthopyroxene (Ca:Mg2oFe78: 4—7%), almandine-
rich garnet (up to 10%), quartz (20-30%), plagioclase (AH40-45 : 

25-35%), perthite (25^40%), and minor ilmenite, magnetite, 
iron-rich augite, hornblende, biotite, apatite, and zircon. Or
thopyroxene contains exsolution lamellae of clinopyroxene, 
and some grains have compositions near CasMgi8Fe74 (Table 5), 
suggesting inversion of original pigeonite. 

Some garnet occurs as symplectitic rims around orthopy
roxene (Fig. 54) and may have formed during near-isobaric 
cooling, although there is no significant compositional dif
ference between primary and secondary garnet. The distribution 
of garnet is markedly irregular, both in hand specimens and 
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Table 5. Representative analyses of minerals from Bunger Hills plutonic rocks. 
Booth Peninsula Algae Lake Paz Cove Booth Peninsula 
Qz gabbro (862X5845) Qz gabbro  (86285944) Qz monzogabbro  (86286245) Qz. monzodiorite  (86286052) 
Op Cp Bi Op Cp Hh* Bi Op Cp Hh* Op Cp Hh* 

SiO: 52.29 52.12 34.78 51.39 51.04 41.29 35.30 48.13 49.04 40.14 49.25s 49.97 40.74 
T i 0 2 2 0.09 0.28 5.27 0.09 0.26 1.94 2.91 0.14 0.27 1.67 0.12 0.22 1.76 
A l 2 O j 1.15 2.19 13.93 1.20 2.20 11.70 15.88 0.88 2.02 11.90 0.75 1.51 11.40 
FeO* 26.52 10.78 15.75 30.47 13.60 18.62 18.60 39.42 21.20 23.87 38.31 19.87 22.72 
MnO 0.70 0.34 0.05 0.74 0.31 0.15 0.08 1.28 0.66 0.21 0.98 0.48 0.20 
MgO 19.14 12.48 12.97 16.40 10.99 8.85 11.81 9.20 7.09 5.40 10.35 8.17 6.01 
CaO 0.92 21.94 0.03 0.56 21.00 11.08 0.07 0.97 18.75 11.04 0.96 19.24 11.15 
N a 2 0 0.00 0.37 0.00 0.02 0.38 1.16 0.02 0.02 0.28 1.20 0.02 0.26 1.15 
K 2 0 0.00 0.00 9.92 0.00 0.00 2.10 9.51 0.00 0.00 1.76 0.00 0.00 1.63 
C r 2 0 3 0.03 0.02 0.10 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BaO - - - - - 0.16 - - - - - -

F - - 0.04 - - - 0.12 - - - - - -

CI - - 0.07 - - - 0.06 - - - - - -
Total 100.84 100.52 92.81 100.87 99.80 96.89 94.52 100.04 99.31 97.19 100.74 99.72 96.76 

O 6 6 22 6 6 23 22 6 6 23 6 6 23 
Si 1.973 1.951 5.416 1.974 1.947 6.283 5.431 1.966 1.945 6.242 1.979 1.959 6.333 
Al i v 0.027 0.049 2.557 0.026 0.053 1.717 2.569 0.034 0.055 1.758 0.021 0.041 1.667 
A l v i 0.024 0.048 - 0.028 0.046 0.382 0.311 0.008 0.039 0.423 0.015 0.029 0.422 
Ti 0.003 0.008 0.617 0.003 0.007 0.222 0.337 0.004 0.008 0.195 0.004 0.006 0.206 
F e ' - - - - - 0.528 - - - 0.556 - - 0.448 
Fe 2 0.837 0.337 2.051 0.979 0.434 1.841 2.393 1.347 0.703 2.547 1.287 0.652 2.505 
Mn 0.022 0.011 0.007 0.024 0.010 0.019 0.010 0.044 0.022 0.028 0.033 0.016 0.026 
Mg 1.076 0.696 3.011 0.939 0.625 2.008 2.709 0.560 0.419 1.252 0.620 0.478 1.393 
Ca 0.037 0.880 0.005 0.023 0.858 1.807 0.012 0.042 0.797 1.839 0.041 0.808 1.857 
Na 0.000 0.027 0.000 0.001 0.028 0.342 0.006 0.002 0.022 0.362 0.002 0.020 0.347 
K 0.000 0.000 1.971 0.000 0.000 0.408 1.866 0.000 0.000 0.349 0.000 0.000 0.323 
Cr 0.001 0.001 0.012 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ba - - - - - - 0.010 - - - - - -
F - - 0.020 - - - 0.058 - - - - - -
CI - - 0.018 - - - 0.016 - - - - - -
Total 4.000 4.007 15.685 3.997 4.010 15.557 15.728 4.009 4.010 15.550 4.001 4.009 15.527 

mg 56.2 67.4 59.5 49.0 59.0 52.2 53.1 29.4 37.3 32.9 32.5 42.3 35.7 

+ Total Fe as FeO. mg = atomic 100 MgAMg+total Fe). or 100 MgAMg+Fe"*) lor hornblende. 
* Fe + in hornblendes calculated assuming total cations (excluding Ca, Na, and K) = 13. 

Booth Peninsula  Booth  Peninsula  Paz  Cove 
Qz monzonite  (86285972)  Granite  (86285828)  Granite  (86286088) 

Op Pig Cp Op Cp Hh* Op Pig Hh* Bi Gt 
S i 0 2 4 7 . 3 0 47.63 49.15 48.33 49.91 40.88 47.52 47.53 39.52 35.66 37.58 
T i 0 2 0.07 0.10 0.16 0.12 0.18 2.16 0.13 0.10 1.74 4.65 0.07 
A 1 2 0 3 0.50 0.49 1.09 0.84 1.59 11.88 0.43 0.49 11.35 12.91 20.35 
FeO* 45.29 43.00 24.67 37.60 18.82 21.58 44.53 41.78 26.52 27.30 32.67 
MnO 1.37 1.27 0.58 1.02 0.53 0.23 0.63 1.23 0.08 0.09 1.31 
MgO 5.05 4.69 3.95 10.76 8.47 6.47 5.60 4.75 4.18 5.79 0.83 
CaO 0.61 3.05 19.94 0.78 19.77 11.24 1.20 3.88 10.83 0.01 7.78 
N a 2 0 0.02 0.04 0.27 0.02 0.29 1.27 0.02 0.07 1.54 0.02 0.00 
K 2 0 0.00 0.00 0.00 0.00 0.00 1.72 0.00 0.00 1.60 9.43 0.00 
C r 2 O j 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BaO - - - - - - - - - 0.05 -
F - - - - - - - - - 1.00 -
CI - - - - - - - - - 0.27 -
Total 100.21 100.27 99.81 99.47 99.56 97.43 100.06 99.83 97.36 97.18 100.59 

O 6 6 6 6 6 23 6 6 23 22 12 
Si 1.987 1.990 1.978 1.966 1.955 6.298 1.988 1.989 6.213 5.511 3.021 
Al ' v 0.013 0.010 0.022 0.034 0.045 1.702 0.012 0.011 1.787 2.352 -
A l " 0.012 0.014 0.030 0.006 0.028 0.455 0.009 0.013 0.317 - 1.929 
Ti 0.002 0.003 0.005 0.004 0.005 0.250 0.004 0.003 0.206 0.540 0.004 
F e 1 - - - - - 0.319 - - 0.619 - -
Fe 2 1.591 1.502 0.830 1.279 0.617 2.460 1.558 1.462 2.868 3.528 2.197 
Mn 0.049 0.045 0.020 0.035 0.018 0.030 0.022 0.044 0.011 0.012 0.089 
Mg 0.316 0.292 0.237 0.652 0.495 1.486 0.349 0.296 0.980 1.334 0.099 
Ca 0.027 0.137 0.860 0.034 0.830 1.855 0.054 0.174 1.824 0.002 0.670 
Na 0.002 0.003 0.021 0.002 0.022 0.379 0.002 0.006 0.469 0.006 0.000 
K 0.000 0.000 0.000 0.000 0.000 0.338 0.000 0.000 0.321 1.859 0.000 
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ba - - - - - - - - - 0.003 -
F - - - - - - - - - 0.489 -
CI - - - - - - - - - 0.071 -
Total 3.999 3.996 4.002 4.011 4.014 15.573 3.998 3.998 15.615 15.705 8.101 

mg 16.6 16.3 22.2 33.8 44.5 37.7 18.3 16.8 25.5 27.4 4.3 
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Table 6. Summary of pressure-temperature estimates for Bunger Hills 
and David Island plutonic rocks. 

1 2 3 4 5 6 7 

Algae L a k e °C kb 

Quartz gabbro (5944)* 863 816 709 907 5.5 7.0 6.1 
Quartz monzogabbro (5937) 875 831 840 - - - 7.2 

Quartz monzogabbro (5953) 851 807 842 - - - 8.0 
Quartz monzogabbro (5962) 861 810 785 912 5.5 7.1 7.9 

Paz Cove 

Quartz gabbro (6082) 901 853 111 - - - 4.5 
Quartz monzogabbro (6245) 878 816 - 881 6.1 7.7 7.2 
Granite (6088)** - - 673 845 5.4 6.9 -

Booth Peninsula 

Quartz gabbro (5845) 825 805 841 - - - 6.7 
Quartz monzodiorite (6051) 874 813 - 850 5.7 7.2 5.9 
Quartz monzodiorite (6052) 876 814 - 860 5.6 7.2 6.7 
Quartz monzonite (5972) 817 789 - - - - 3.9 
Granite (5828) 851 798 - 855 5.5 7.0 6.5 
Granite (5837) 843 793 - 835 5.2 6.7 5.9 

David Is land 
Monzonite (6015) 839 799 - 794 4.5 6.0 -
Syenite (6024) 825 794 - 784 4.2 5.6 1.3 

* All sample numbers are prefixed '8628 ' 
**A pressure of 4.1kb (gamet-orthopyroxene-plagioclase-quartz barometer of Perkins & 

Chipera (1985), using the Fe end-member) was obtained at 850°C. 

1. Wells (1977). 
2. Wood & Banno (1973). 
3. Luhr & others (1984). 
4. Blundy & Holland (1990), assuming pressures in column 5. 
5. Johnson & Rutherford (1989). 
6. Schmidt (1992). 
7. Ellis (1980), assuming 850°C. 

outcrops, and some parts of the intrusion are virtually gar
net-free. 

The eastern part of the Booth Peninsula batholith, including 
the small nunataks 5 km east and 20 km ENE of Miles Island, 
is predominantly of granitic composition, grading locally into 
quartz monzonite. The rocks are massive, relatively coarse
grained (1-6 mm), melanocratic, and commonly contain 
poikilitic K-feldspar phenocrysts about 10 mm long. They 
comprise augite (Ca44Mg25Fe3,: 1-3%), hastingsitic or par-
gasit ic ho rnb lende (up to 3%), o r thopyroxene (near 
Ca 2Mg3 2Fe 6 6: 5-10%), quartz (15-25%), plagioclase (An 4 0 . 4 9 : 
20-40%), orthoclase or microcline perthite (20-45%), ilmenite 
+ magnetite (1-2%), and minor biotite, apatite, and zircon. 

Granite at the nunataks 5 km east of Miles Island is more 
potassic than elsewhere (40-45% K-feldspar), and there is 
more extensive shearing, recrystallisation and alteration of 
pyroxene. Orthopyroxene commonly shows exsolution of cli
nopyroxene, both as thin lamellae and large blebs (Fig. 55). 

The original presence of pigeonite in the Paz Cove granite 
indicates a crystallisation temperature of about 830°C at 5 kb 
(or slightly higher temperatures at higher pressures) (Lindsley 
1983), in general agreement with temperatures derived for 
both granitic plutons by other methods (Fig. 45, Table 6). 

The granitic rocks plot on continuations of the gabbroic 
suite trends for most elements (Table 7, Figs 46-51), although 
the Booth Peninsula granite has higher N a 2 0 and K/Rb, and 
defines a more Ab-rich trend on the Ab-Or-An diagram 
(Fig. 49). Incompatible element/Zr ratios are generally similar, 
but some (e.g., P/Zr and Ce/Zr) are slightly lower (Fig. 51); 
Sr4 values (0.7115-0.7147: Table 8) are also comparable to 
those of the gabbroic rocks. Spidergrams are very similar to 
those of the quartz monzogabbroic rocks, apart from slightly 
greater depletion in Sr, Ti, and P (Fig. 52), which can be 
attributed to plagioclase, ilmenite, and apatite fractionation, 
respectively. This suggests an ultimate derivation from a 

similar source (?mantle) to that of the gabbroic 
suite, but significant compositional differences 
(e.g. trends of normative components) preclude 
the granitic and gabbroic rocks being comag-
matic (Sheraton et al. 1992). 

Although there is no compelling evidence 
for a major crustal component having been 
involved in the petrogenesis of the granitic 
rocks (most of which are only slightly more 
siliceous than the quartz monzogabbro), some 
crustal contamination is possible. In particular, 
the presence of garnet in some of the relatively 
siliceous Paz Cove granite samples could reflect 
assimilation of garnet-bearing metasedimentary 
country rocks, which show evidence of mig-
matisation and mobilisation. Alternatively, crys-
t a l l i s a t i o n of g a r n e t c o u l d h a v e b e e n 
compositionally dependent, as these granites 
have relatively low mg  (18-30) and are per
aluminous, or close to it (Fig. 53). 

Quartz monzodioriti c rocks . The cen
tral parts of Miles Island and Booth Peninsula 
consist of massive slightly porphyritic quartz 
monzodiorite and quartz monzonite. Poikilitic 
greenish-brown hastingsitic or pargasitic horn
blende (1-5%), iron-rich augite (Ca44Mg25Fe3i 
to Ca 4 4 Mgi2Fe44: up to 6%), iron-rich orthopy
roxene (Ca2Mg32Fe66 to Ca3Mgi5Fes2: 10 -
15%) , o r thoc lase or microc l ine per th i te 
(20-35%), slightly zoned plagioclase (An39-so: 
30-50%), opaque minerals (mostly ilmenite: 
2-4%), and minor biotite, apatite, allanite, and 
zircon are present. Some orthopyroxene grains 

with exsolved clinopyroxene have pigeonitic bulk compositions 
(Ca8Mgi6Fe76: Table 5). Euhedral zircon and apatite are rela
tively abundant. 

In some places, retrogression has resulted in replacement 
of pyroxene by fine-grained aggregates of biotite, colourless 
to pale green amphibole, quartz, and minor carbonate, or by 
yellowish-brown iddingsite. Secondary garnet locally formed 
along small shear zones. 

As in the Paz Cove granite, pigeonite compositions indicate 
original crystallisation temperatures of at least 820°C, although 
Ca-rich clinopyroxene and orthopyroxene compositions indi
cate significantly lower temperatures using Lindsley's (1983) 
method (Fig. 45). 

Rocks of this suite differ in composition from the gabbroic 
and granitic rocks in a number of important respects (Table 7). 
They plot on distinct trends on many S i 0 2 variation diagrams 
( F i g . 4 6 ) , h a v e d i f f e r e n t n o r m a t i v e c o m p o s i t i o n s 
(Figs 48, 49), and have higher K/Rb (Fig. 50). Large variations 
in ratios such as Nb/Zr and P/Zr (Fig. 51) are probably at 
least partly due to source heterogeneity, although variation 
trends imply fractionation of plagioclase, apatite, and ilmenite, 
in addition to K-feldspar and pyroxene (Sheraton et al. 1992). 

The quartz monzodioritic rocks were apparently derived 
from a much more Nb-rich source (Nb/Zr up to 4 x PM) 
than either of the other suites (Fig. 51). This is reflected in 
the absence of significant Nb anomalies on the spidergrams 
(Fig. 52), and suggests a source component similar to that 
of ocean-island basalt (OIB) (Sun & McDonough 1989). 
Pearce et al. (1984) and Brown et al. (1984) have shown that 
within-plate granitoids commonly have high Nb (and other 
HFSE), whereas syn-collisional granitoids have much higher 
LILE/HFSE ratios. 

The degree of LILE enrichment of the source is difficult 
to estimate in such evolved (mg  17-30) rocks, but was ap
parently similar to, or somewhat less than, that of the gabbroic 
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Table 7.  Chemical analyses of repesentative rocks from Algae Lake, Paz Cove, and Booth Peninsula intrusions. 
Sample no. 86285968 86285845 86286082 86285944 86285953 86285937 86286083 86286245 86285933 86286051 86285972 

Lithology Bi-Hb-Cp- Bi-Cp-Op Cp-Op Hb-Cp-Op Bi-Cp-Op Bi-Cp-Op Cp-Bi-Op Hb-Cp-Op Hb-Op Hb-Cp-Op Hb-Cp-Op 
Op gabbro quartz quartz quartz quartz quartz quartz quartz quartz quartz quartz 

gabbro gabbro gabbro monzogab. monzogab. monzogab. monzogab. monzogab. monzodior.  monzonit 

Intrusion Booth Pen. Booth Pen. Paz Cove Algae Lake Algae Lake Algae Lake Paz Cove Paz Cove Algae Lake  Booth  Pen.  Booth  Pen. 

S i 0 2 51.10 52 .30 52 .80 54 .80 53 .60 56 .10 58 .00 58 .80 59 .60 53.30 60 .00 
T1O2 0.47 0.99 0.76 0 .73 2.79 1.54 1.29 1.99 1.91 2.95 1.31 
AI2O3 16.42 17.12 16.27 18.67 15.78 15.34 15.39 3.64 14.46 13.88 13.93 
F e 2 0 3 0.81 1.38 0.93 1.52 2.85 3.61 1.28 2.43 2.68 2.94 2.57 
F e O 8.09 7.56 8.68 7.05 8.54 7.18 7.86 8.17 5.94 10.62 8.33 
M n O 0.19 0.17 0.19 0.16 0.21 0.24 0.19 0.21 0.17 0.26 0 .20 
M g O 9.08 6.14 6.34 3.81 3.43 3.92 3.71 1.74 2.28 2.43 0.94 
C a O 8.53 10.23 9.46 8.15 6.63 6.74 6.23 6.00 4 .72 6.34 4 .64 
N a 2 0 2.65 2.30 2.02 2 .68 2.32 2.17 2.05 2.10 2.20 2.33 2.60 
K 2 0 0.98 0.82 0.79 1.37 2.22 1.78 2.71 2.87 3.79 2.64 3.56 
P2O5 0.06 0.22 0.12 0.17 0.96 0.35 0.34 0.78 0.61 1.26 0.49 
L O I 1.64 1.08 1.26 1.07 0 .80 0.90 0.88 0.91 1.20 0.79 1.00 
Rest 0.26 0 .30 0.27 0.34 0.49 0.38 0.35 0.44 0 .50 0.63 0.51 
Total 100.28 100.61 99 .89 100 .52 100 .62 100.25 100.28 100.08 100 .06 100.37 100.08 

0 = F , S 0.02 0.05 0.04 0.05 0.07 0.05 0.02 0.06 0.06 0.08 0.05 
Total 100.26 100.56 99 .85 100.47 100.55 100.20 100.26 100.02 100.00 100.29 100 .03 

C.I.P.W. norms 

Q 
C 

- 3.45 5.00 7.36 10.97 14.61 13.35 18.91 18.07 10.99 6.97 
\„ 

Or 5.79 4.85 4.67 8.10 13.12 10.52 16.01 16.96 22 .40 15.60 21 .04 
A b 22.42 19.46 17.09 22 .68 19.63 18.36 17.35 17.77 8.62 19.72 22 .00 
An 30.01 33.97 32.99 34 .87 26 .09 26 .86 4 .79 9.32 18.39 19.62 15.82 
Di 9.70 12.58 10.85 3.70 0 .44 3.53 3.25 4 .56 0.86 3.06 3.46 
Hy 19.19 20 .53 24.68 18.42 17.42 16.12 19.21 2.11 11.10 17.18 11.92 
Ol 9.02 - - - - - - - - - -
M t 1.17 2.00 1.35 2.20 4 .13 5.23 1.86 3.52 3.89 4.26 3.73 
11 0.89 1.88 1.44 1.39 5.30 2.92 2.45 3.78 3.63 5.60 2.49 
A p 0.14 0.52 0.28 0 .40 2.27 0.83 0.81 1.85 1.44 2.98 1.16 
m g 66.7 59.1 56 .6 49 .1 41 .7 49 .3 45.7 27.5 40 .6 29.0 16.7 

Trace elements in parts per million 

B a 248 4 3 9 465 690 1156 848 1129 1293 1369 2120 1914 
R b 26 15 16 31 50 48 85 80 110 4 4 34 
Sr 272 361 274 5 7 2 484 389 346 348 343 4 5 3 4 0 1 
Pb 6 7 6 11 16 13 16 17 25 14 8 
T h 0.66 0.82 1.14 2 .59 3.49 4 5.32 1.50 8.58 1.35 0 .40 
U 0.40 <0.5 1.0 0 .53 1.01 0.5 0.78 <0.5 1.25 1.0 0.5 
Z r 46 76 86 92 2 3 8 181 237 252 427 4 3 8 680 
N b 5 4 3 5 19 10 12 21 20 58 52 
Y 16 18 27 20 45 36 37 58 51 58 43 
La 11.6 16.8 15.5 30.0 56 .7 38 47 .1 59.4 72 .9 71.7 31.2 
C e 23.9 34.7 30.2 55 .2 118 79 93.7 129 144 146 67.8 
N d 11.0 18.9 14.4 24 .9 65 .0 37 42 .7 65.9 67 .0 69.6 34.6 
S m 2.30 3.39 3.19 4 .34 12.0 - 8.62 12.8 13.2 13.0 7.28 
Eu 0 .84 1.20 1.12 1.54 3.33 - 2.13 3.15 2 .92 4 .14 3.89 
T b 0.49 0.48 0.70 0.61 1.53 - 1.20 1.84 1.66 1.78 1.30 
Y b 1.56 1.62 2.54 1.93 3.30 - 3.07 4 .50 3.80 4.66 4.21 
Lu 0.27 0 .24 0.42 0.31 0.53 - 0.50 0.73 0 .64 0.71 0.69 
Sc 33 35 36 28 27 30 25 28 21 32 19 
V 144 212 156 120 207 194 143 138 140 111 27 
Cr 5 1 0 133 168 55 65 71 61 2 32 3 <2 
Ni 49 33 11 22 10 17 5 3 5 < 2 <2 
Cu 19 25 14 17 23 28 12 11 14 18 17 
Zn 90 79 86 89 149 105 111 137 122 156 121 
Sn - - <1 1 <1 <1 <1 <1 2 <1 <1 
G a 16 18 16 22 21 18 18 20 19 18 21 
S 5 0 0 1000 9 0 0 1100 5 0 0 500 5 0 0 600 300 9 0 0 7 0 0 
F - - - - 1000 600 - 6 0 0 1000 800 3 0 0 

K / R b 313 4 5 4 4 1 0 367 369 308 265 298 286 498 869 
R b / S r 0 .096 0.042 0 .058 0 .054 0 .103 0 .123 0.245 0 .230 0 .321 0.097 0 .085 
C e / Y 1.5 2.2 1.3 3.2 2.98 2.19 2.92 2.48 3.14 3.00 1.63 
T h / U 1.7 > 2 1 4 .9 3.5 8 6.8 > 3 6.9 1 1 
K/Zr 177 90 76 124 77 82 95 95 74 50 43 
P/Zr 5.7 13 6.1 8.1 18 8.4 6.3 13 6.2 13 3.1 
N b / Z r 0.11 0.05 0.03 0.05 0 .080 0.055 0.051 0 .083 0 .047 0.13 0 .076 
N b / N b * 0.25 0.19 0.15 0 .14 0.33 0 .24 0.20 0.30 0 .23 0.77 0.85 
Sr /Sr* 1.22 1.04 0.96 1.12 0.41 0.52 0.40 0.28 0.25 0.33 0.61 

mg = atomic 100Mg/(Mg+Fe 2 + ) . 
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Sample no. 86286060 86286088 862858.17 86285828 86285975 

Lithology Op Hb-Op-Gl Hb-Cp-Op  Cp-Op Hi lib  Op 
granite granite granite granite granite 

Intrusion Paz Cove Paz Cove Booth Pen.  Booth  Pen. Booth Pen. 
S i O ; 64 .00 66 .70 59.20 60.90 63 .40 
T i O ; 1.25 0.81 1.88 1.62 1.45 
AW>3 13.92 13.25 14.01 13.71 13.56 
F e ; O i 1.85 1.82 2.13 1.82 1.76 
FeO 5.98 4.58 7.70 7.14 7.00 
M n O 0.15 0.12 0.17 0.15 0.17 
M g O 1.19 0 .58 2.09 1.93 1.06 
C a O 3.59 2 .74 5.59 5.19 3.65 
N a i O 2.30 1.97 2.67 2.55 2.24 
K-O 4.16 5.61 2.79 3.15 4.20 
P?Os 0.47 0.29 0.52 0.44 0.60 
LOI 0.78 0.68 0.66 1.12 0.72 
Rest 0.42 0.49 0.38 0.39 0.46 
Tota l 100.06 99 .64 99.79 100.11 100.27 

0 = F , S 0.02 0.01 0.02 0.03 0.04 
Tota l 100.04 99 .63 99.77 100.08 100.23 

C.I.P.W. norms 

Q 23.07 25.42 16.37 18.40 22 .34 
C 0 .23 - - - 0.13 
Or 24.58 33 .15 16.49 18.61 24.82 
All 19.46 16.67 22.59 21.58 8.95 
An 14.74 10.74 18.00 16.66 14.19 
I)i - 0.83 5.35 5.25 -
Hy 10.63 6.81 12.09 11.36 11.96 
(11 - - - - -Mt 2.68 2.64 3.09 2.64 2.55 
II 2.37 1.54 3.57 3.08 2.75 
Ap 1.11 0.69 1.23 1.04 1.42 
mg 26.2 18.4 32.6 32.5 21.3 

Trace elements in parts per million 

Ba 1973 274(1 1356 1436 1774 
Rb 100 150 59 70 65 
Sr 294 277 259 247 304 
Pb 21 26 17 19 15 
Hi 1.01 1.41 2.04 1.54 0.91 
U 0.50 <0.5 1.0 0.87 0.64 
Z r 351 451 404 370 606 
Nb 2(1 18 18 16 43 
Y 31 45 60 56 4 0 
La 46.4 50.5 47.2 42.7 40.1 
Ce 94.8 103 105 92.2 79.0 
Nil 51.0 51.9 58.1 50.6 40.6 
Sm 9.28 10.2 12.1 10.5 8.02 
Eu 3.12 3.64 3.02 2.80 3.05 
Tb 1.17 1.35 1.95 1.67 1.18 
Vb 1.99 3.98 5.06 4 .53 3.35 
l.u 0.32 0.65 0.76 0.73 0.55 
Sc 21 17 24 24 18 
V 7(1 12 139 120 38 
Cr 8 <2 17 15 2 
Ni 3 <2 5 5 <2 
Cu 19 12 14 15 13 
Zn 102 9 8 1 14 106 109 
Sn <l <l <1 <1 1 
G a 18 17 19 19 20 
S 4 0 0 200 500 600 4 0 0 
F - - - - 4 0 0 

K/Rb 345 310 393 374 536 
Rb/Sr 0.34 0.54 0 .228 0 .283 0.214 
Ce /Y 3.39 2 44 1.92 1.80 2.13 
Th/U 2.0 > 3 2 1.8 1.4 
K/Zr 98 103 57 71 58 
P/Zr 5.8 2.8 5.6 5.2 4.3 
Nb/Zr 0.057 0 .040 0.045 0.043 0.071 
N b / N b * 0 .26 0 .18 0.29 0.25 0.58 
Sr/Sr* 0.31 0 .28 0.25 0.27 0.39 

A n 

Figure 49. Normative Ab-Or-An diagram for Bunger Hills 
plutonic rocks, showing the distinct trends of the quartz mon
zodioritic and granitic rocks of the Booth Peninsula 
batholith. Plagioclase-alkali feldspar field boundary after 
James & Hamilton (1969). Symbols as in Figure 46. 

10 3 0 1 0 0 3 0 0 

p p m R b 

Figure SO. Plot of K against Rb for Bunger Hills plutonic 
rocks, showing high K/Rb ratios of quartz monzodioritic 
rocks. Lines of constant K/Rb are indicated. Symbols as in 
Figure 46. 

suite. Limited isotopic data (S^ 0.7074-0.7082, e N d - 3 . 5 ) also 
imply a less-enriched source (or, possibly, less crustal con
tamination). Quartz monzodiorite from Booth Peninsula has 
given a zircon U-Pb age of 1151±4 Ma (Sheraton et al. 1992), 
significantly younger than the gabbroic rocks. However, es
timated depths of emplacement are mostly very similar (5-6 kb: 
Table 6). 

Felsic dyke s an d mino r intrusion s 
Late-stage dykes, mainly felsic, intrude the Booth Peninsula 
batholith. They intrude all the main rock types, including the 
gabbro, and the country rock gneiss on nearby islands (e.g. 
Mars and Husky Dog Islands). Usually 0.1-2 m thick, the 
dykes are petrographically and chemically similar to the 
plutonic rocks, but tend to be finer-grained. They include 
quartz monzodiorite, quartz monzonite, granodiorite, and gran
ite. For example, orthopyroxene quartz gabbro or diorite dykes 
on Mars Island are probably related to the quartz monzodioritic 
suite. They have characteristically high Nb (Table 9), but 
appear to have been depleted in alkalies, possibly by a 
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Figure 51. Logarithmic plots of various incompatible elements against Zr for Bunger Hills plutonic rocks. Solid lines of unit 
slope are those of constant element/Zr ratio, the values of which are indicated. Trends which approximate to such lines, e,g., 
the gabbroic rocks for most elements, imply that bulk distribution coefficients (D) were close to zero. However, for Sr, D (given 
by 1-S, where S is the slope) was about 1, reflecting plagioclase fractionation. Dashed lines represent estimated primordial 
mantle ratios (after Sun & McDonough 1989). See text for further discussion. Symbols as in Figure 46. 

late-magmatic fluid. A monzodiorite dyke at Booth Peninsula 
also has high Nb (Table 9). Many dykes are relatively leu-
cocratic granitic aplites, with less than 5 per cent total mafic 
minerals. In some, orthopyroxene is largely replaced by id
dingsite or fine-grained biotite. 

Felsic dykes are not common in the main Bunger Hills, 
but subconcordant layers of white to pink garnet leucogranite 
are associated with migmatitic paragneiss adjacent to the Paz 
Cove batholith. Small bodies, up to a few tens of metres 
across, of coarse-grained pink granite, grading into pegmatite, 
are widespread, and those that contain altered orthopyroxene, 
are probably genetically related to the plutonic rocks. On 
Geomorfologov Peninsula such pink granite is cut by dolerite 
dykes, whereas at the eastern end of Thomas Island similar 

granite clearly postdates syn-plutonic mafic granulite dykes. 
Other small bodies of pink granite (e.g. Currituck Island) 

contain well-crystallised muscovite and dark brown biotite, 
in addition to quartz, oligoclase, and microcline. These may 
represent a younger intrusive phase, but no evidence has been 
found to indicate their age relative to the dolerites. All of 
the analysed pink granites have high S i 0 2 (>70%), are slightly 
C-normative and have near-minimum melt compositions 
(Table 9, Figs 46, 48, 49, 53). They have the markedly 
irregular spidergrams typical of such granites (Fig. 56). How
ever, two pink granites from within or near the Booth Peninsula 
batholith, which contain secondary biotite ± amphibole, plot 
on a continuation of the plutonic trend on an Ab-Or-An 
diagram (Fig. 49); in contrast, two biotite-muscovite granites 
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Table 8. Sr and Nd isotopic data for rocks from Bunger Hills-Obruchev Hills area. 

Sample Rock  type  Locality  "Sr/^SrtT)*  T%,  c Nd(Tt* 

86285807 Tonalitic or lhogneiss N E Obruchev Hills 0 .70220 2470(2640**1 22.9 

5960 Granodior i t ic or thogneiss S W Bunger Hills 0 .71074 2130 - 9 . 6 
5628 Granodior i t ic or thogneiss Thomas Island 0 .71039 1970 - 7 . 5 

5968 G a b b r o Booth Peninsula 0 .71010 
6227 Quar tz gabbro S W Paz Cove 0.70907 
6245 Quartz monzogabbro E of Paz Cove 0 .71226 
5962 Quartz monzogabbro W of Algae Lake 0 .71435 2310 - 9 . 4 
6089 Grani te W of Paz Cove 0.71471 
5837 Grani te Countess Peninsula 0 .71146 
6281 Grani te E of Miles Island 0 .71167 
5815 Quartz monzodior i te Boolh Peninsula 0 .70819 1840 - 3 . 5 
5972 Quar tz monzoni te Booth Peninsula 0 .70737 

5678 G r o u p 1 doleri te S W Bunger Hills 0 .70493 1940 - 0 . 7 
5603 G r o u p 2 h igh-Mg dolerite Currituck Island 0.70391 1480 +2.4 
6075 G r o u p 4B doleri te N E of Paz Cove 0.70312 1370 +3.9 
5833 G r o u p 4 D doleri te Geomorfologov Peninsula 0 .70328 1430 +2 .9 
5811 G r o u p 4E doleri te N E Obruchev Hills 0 .70298 1110 +6.3 
6055 Alkal i basalt Miles Island 0 .71679 2080 - 1 7 . 2 
5919 Trachybasal t N Taylor Islands 0 .70846 2290 - 1 8 . 6 

* Calculated at the emplacement age for the intrusive rocks (H70Ma for the gabbroic rocks. H50Ma for quartz monzodioritic and granitic rocks. 
I l40Ma for dolerite dykes, and 500Ma for alkaline dykes), and 116(lMa for the country rocks. 

The following parameters were used for model age calculations: 
( l 4 7 S m / l 4 4 N d ) D M = 0.225 (**0.214). < 1 4 , N d / l 4 4 N d ) D M = 0.51317 

500 p - 1 — 1 — 1 — I — 1 — r 

Rb T h K  L a S r P  T i N a 

Figure 52. Spidergrams for average Bunger Hills plutonic 
rocks. The gabbroic rocks have very similar patterns, apart 
from Sr and Na (which reflect plagioclase fractionation), as 
do the granitic rocks. The quartz monzodioritic rocks have 
distinctive patterns without significant Nb anomalies. 

from Currituck Island plot nearer the granite minimum and have 
much higher Rb, Pb, U, Nb and Ga, but lower Ba, Sr, and Zr. 

A reddish-brown trachyte dyke, 30 cm thick, on Geologov 
Island has a spherulitic texture, and consists mainly of turbid 
alkali feldspar, with subordinate carbonate, ?quartz, opaque 
minerals, and biotite phenocrysts. It has a highly evolved 
chemical composition, showing extreme enrichment in Th, 
U, Pb, Zr, Nb, and REE (Table 9, Fig. 98). It does not appear 
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Figure 53. Plot of alumina saturation index against SiO, for 
Bunger Hills plutonic rocks. The trends for the quartz gab-
bros and quartz monzogabbros are oblique to the overall 
trend of increasing ASl with Si02. Symbols as in Figure 46. 

Figure 54. Growth of garnet around orthopyroxene in garnet-
orthopyroxene granite of the Paz Cove batholith; Krylatyy 
Peninsula. Sample 86286088; width of field: 3.5mm. 
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Figure 55. Exsolution of clinopyroxene, as fine lamellae and 
coarse blebs, from orthopyroxene in hornblende-clinopy-
roxene-orthopyroxene granite of the Booth Peninsula 
batholith; eastern Booth Peninsula. Sample 86285830; cross 
polarised light; width of field: 2.5mm. 
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Figure 56. Spidergrams for late granites from the Bunger 
Hills area. 

to be related to the trachyte dykes at Baldwin Rocks (see 
below), being slightly Ne and Ol-normative, and having higher 
mg, lower SiO : , and a negative Nb anomaly. 

Mafic dyke s 
Several distinct suites of mafic dykes are present in the Bunger 
Hills, comprising syn-plutonic mafic granulites and younger 
unmetamorphosed dykes, with compositions ranging from 
tholeiitic to alkaline. The most abundant younger dykes are 
dolerites, which, on geochemical criteria, have been put into 
four major groups (1-4). All except group 1 demonstrably 
post-date the plutonic bodies, but dyke intersections are rare, 
and it has not been possible to deduce a detailed emplacement 
sequence. These dykes have been described in detail by 
Sheraton et al. (1990). 

Mafic granulit e dykes . The oldest recognisable mafic 
dykes — excluding the concordant granulite layers already 
described, which may well also be of intrusive origin — 
comprise subconcordant, but locally cross-cutting, mafic 
granulite layers in gneiss and folded and boudinaged mafic 
granulite in the plutons. 

Examples of the former are well exposed on Obryvistyy 
and Thomas Islands, where they are generally folded (Fig. 57). 
They consist of clinopyroxene (5-15%), greenish-brown horn
blende (up to 15%), reddish-brown biotite (up to 15%), 
orthopyroxene (13-17%), plagioclase (An 5 5 _ 7 n : 55-60%), 
opaque minerals (2-7%), and minor quartz and apatite. Their 
texture is granoblastic (Figs 58, 59). Similar, locally discordant 

Figure 57. Folded, sudconcordant mafic granulite dykes cut
ting migmatitic garnet-quartz-feldspar gneiss; Obryvistyy 
Island. Width of view: about 100m. 

Figure 58. Subconcordant mafic granulite (hornblende, cli
nopyroxene, orthopyroxene, plagioclase) dyke, showing 
granoblastic texture; east end of Algae Lake. Sample 
86286203; width of field: 6.5mm. 

Figure 59. Discordant mafic granulite (biotite, clinopy
roxene, orthopyroxene, plagioclase) dyke, with large 
randomly orientated biotite grains; southern Thomas Island. 
Sample 86285640; width of field: 4.5mm. 

two-pyroxene granulite layers in the northeastern Highjump 
Archipelago contain several percent of garnet, which forms 
irregular aggregates and rims around pyroxene grains. 

Deformed mafic dykes, up to a few metres thick, which 
intrude the plutonic rocks of the Booth Peninsula area also 
have a granoblastic texture, but some contain strongly zoned 
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igneous plagioclase phenocrysts; one consists mainly of an-
desine-labradorite and greenish-brown hornblende with only 
minor altered pyroxene. They are probably syn-plutonic, and 
are of similar age to or, possibly, younger than the subcon
cordant metadykes elsewhere. 

Virtually all the analysed metamorphosed dykes are subal-
kaline olivine or quartz tholeiites (Table 10. Figs 60, 61). 
Their varied composition implies that they do not represent 
a single suite, although much of the variation, for LILE in 
particular, is probably due to metamorphism. 

A hornblende granulite dyke (86285970) cutting quartz 
monzonite at Booth Peninsula is unusual in not having a 
negative Nb anomaly. In terms of less-mobile incompatible 
elements (REE, and HFSE; Zr, Nb, P, Ti, Y), it is quite similar 
to the group 1 dolerites (see below), and may be related to 
these rather than to the gabbroic plutons of the area. The 
slightly Ne-normative composition of this dyke may be due 
to enrichment in alkalies during emplacement, possibly from 
the still-crystallising plutonic country rocks. 

Flat-lying dolerite s (grou p 1). a small group of siii-
like dolerites, generally less than 1 m thick, crops out mainly 
in the southwestern Bunger Hills. It appears to be the oldest 
essentially unmetamorphosed suite of mafic dykes and may 
be contemporaneous with some of the plutonic rocks. The 
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Figure 60. Alkalies-Si02plotfor metamorphosed mafic dykes 
from the Bunger Hills area. Boundary between alkaline (up
per) and subalkaline fields after Irvine & Baragar (1971). 
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K 2 0 + N a 2 0 

Figure 61. A-F-M diagram for metamorphosed mafic dykes 
from the Bunger Hills area. Boundary between tholeiitic and 
calc-alkaline (plus alkaline) fields after Irvine & Baragar 
(1971). Symbols as in Figure 60. 

dolerites are cut by alkali basalt dykes. Texture is usually 
intergranular, with randomly orientated plagioclase laths, but 
granular pyroxene. Most dykes contain zoned plagioclase and 
clinopyroxene phenocrysts (Fig. 62), and spherulitic inter-
growths of pyroxene are present locally (Fig. 63). Like 
dolerites of similar texture in the Vestfold Hills (Collerson 
& Sheraton 1986) and Napier Complex (Sheraton & Black 
1981), these dykes were probably emplaced deep in the crust 
not long after the high-grade metamorphism. They contain 
reddish-brown biotite (up to 2%), pyroxene (35^40%), zoned 
andesine (55-60%), ilmenite + magnetite (2-4%), and minor 
secondary amphibole, apatite, and carbonate. In contrast to 
most of the other dolerites, pyroxene is generally quite fresh, 
and consists predominantly of clinopyroxene (augite and 
pigeonite), with up to 10 per cent of Ca-rich orthopyroxene 
( C a . < i M g 7 3 F e 2 2 to CasMg.^Fesa), commonly in the form of 
composite grains with overgrowths of augite (Fig. 63). 
Pigeoni te is also unusual ly calcic ( C a i 4 M g 6 5 F e 2 i to 
C a i 5 , M g 5 3 F e 3 2 ) , whereas augite has relatively low Ca (Table 11. 
Fig. 64), indicating crystallisation temperatures of at least 
1200°C and pressures more than 10 kb (Lindsley 1983). Such 
high P-T conditions clearly reflect magmatic crystallisation, 
and the pyroxenes have presumably survived through rapid 
cooling of the very thin dykes. 

Most group 1 dykes are subalkaline in terms of an alka-
lies-SiOi plot (Fig. 65), but only marginally tholeiitic on an 
AFM diagram (Fig. 66). They are mostly slightly Q-normative, 
although two are Ol-normative (Fig. 67). Group 1 dykes tend 

Figure 62. Group 1 dolerite dyke, with plagioclase and cli
nopyroxene phenocrysts in a fine-grained intergranular 
groundmass (glomeroporphyritic texture); south of Edge-
worth David Base. Sample 86285905; width of field: 3.6mm. 

Figure 63. Group 1 dolerite dyke, showing spherulitic cli
nopyroxene and microphenocryst of orthopyroxene with 
clinopyroxene overgrowth; west of Lake Dolgoe. Sample 
86285682; width of field: 2.0mm. 
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Table 9. Chemical analyses of mafic to felsic dykes and minor granitic intrusives from Bunger Hills area. 
Sample no. 86285827 86286266 86286256 86285834 86286041 86285617 86285676 86286222 

Locality Booth Mars Husky Dog Geomorfologo Thomas Currituck Currituck Geologov 
Peninsula E Island Island Peninsula Island E Island W Island W Island 

Lithology Hh-Op Cp-Op Op Hb-Bi Bi Bi-Mus Bi-Mus Trachyte 
monzodiorite Qz gabbro granite granite granite granite granite dyke ' 
dyke dyke dyke 

Intrusion Booth Pen. Booth Pen. Booth Pen. 

SiO: 47.50 50.70 64.60 72.50 70.80 74.80 74.60 58.70 
T i 0 2 1.88 3.46 1.15 0.24 0.54 0.05 0.14 0.43 
AI2O3 15.76 13.27 13.24 13.98 13.86 13.56 13.63 18.01 
F e 2 0 3 6.29 4.97 5.04 0.47 1.19 0.50 0.69 1.98 
FeO 11.82 12.20 3.78 1.17 1.07 0.25 0.59 2.41 
MnO 0.33 0.36 0.16 0.03 0.04 0.03 0.03 0.11 
MgO 2.04 2.28 0.80 0.47 0.75 0.12 0.19 1.09 
CaO 6.02 7.79 3.47 2.01 1.18 0.77 0.98 1.74 
N a 2 0 3.17 1.72 2.15 2.31 2.31 3.51 3.31 5.04 
K2O 2.58 0.81 3.68 5.49 6.38 5.05 5.02 6.71 
P2O5 1.41 0.89 0.46 0.02 0.08 0.01 0.03 0.19 
H 2 O + - - - - - - - 0.72 
H ; 0 - - - - - - - - 0.14 
C O 2 - - - - - - - 2.25 
LOl 0.87 1.07 1.05 0.78 1.02 0.83 0.96 -
Rest 0.62 0.44 0.45 0.33 0.48 0.14 0.19 0.59 

Total 100.29 99.96 100.03 99 .80 99 .70 99.62 100.36 100.11 

0=F,S 0.11 0.08 0.02 0.00 0.01 0.00 0.00 0.02 

Total 100.18 99 .88 100.01 99 .80 99 .69 99 .62 100.36 100.09 

C.I.P.W. norms 

Q 0.84 15.44 30.15 32.46 29.45 33.25 33.68 -
C 0.18 - 0.51 0.63 1.20 0.94 1.04 -Or 15.25 4.79 21.75 32.44 37.70 29.84 29.66 39.65 
Ab 26.82 14.55 18.19 19.55 19.55 29.70 28.01 41.02 
An 20.65 26.10 14.21 9.84 5.33 3.75 4.67 6.70 
Ne - - - - - - - 0.88 
Di - 5.73 - - - - - 0.57 
Hy 19.10 16.01 3.17 2.59 2.03 0.32 0.81 -
Ol - - - - - - - 3.46 
Mt 9.12 7.21 7.31 0.68 1.73 0.72 1.00 2.87 
II 3.57 6.57 2.18 0.46 1.03 0.09 0.27 0.82 
Ap 3.34 2.11 1.09 0.05 0.19 0.02 0.07 0.45 
mg 23.5 25.0 27.4 41.7 55.5 46.1 36.5 44.6 

Trace elements in parts per million 

Ba 1264 745 2140 1976 2360 113 363 92 
Rb 33 6 60 116 140 604 507 344 
Sr 375 487 315 269 455 52 III 114 
Pb II 6 11 28 47 115 86 175 
Th <l <l <1 2 56 45 96 273 
U 1.5 1.0 0.5 1.0 0.5 20 9.5 40 
Zr 711 271 560 290 411 97 137 1593 
Nb 59 58 20 4 7 60 31 112 
Y 75 64 34 8 18 22 13 53 
La 78 33 32 22 103 6 47 453 
Ce 176 77 62 28 214 11 92 794 
Nd 87 48 28 7 78 5 31 208 
Sc 30 33 20 7 6 4 5 5 
V 17 129 29 9 33 <2 3 11 
Cr <2 6 <2 <2 <2 <2 <2 <2 
Ni <2 4 <2 <2 3 2 2 <2 
Cu 24 20 17 3 26 <1 3 2 
Zn 204 165 106 25 21 16 15 64 
Sn <l <1 <l <1 <l 7 6 -
Ga 25 20 17 15 11 30 28 19 
S 1200 1630 400 100 200 <100 100 500 
F 1200 - - - - - - -
K/Rb 649 1120 509 393 378 69 82 162 
Rb/Sr 0.088 0.012 0.190 0.43 0.31 11.6 4.6 3.0 
Ce/Y 2.3 T . 2 1.8 3.5 12 0.50 7.1 15 
Th/U - - - 2 110 2.3 10 6.8 
KTZr 30 25 55 157 129 432 304 35 
P/Zr 8.7 14 3.6 0.3 0.8 0.4 1.0 0.52 
Nb/Zr 0.083 0.21 0.036 0.014 0.017 0.62 0.23 0.70 
Nb/Nb* 0.81 2.14 0.32 0.05 0.05 0.89 0.35 0.35 
Sr/Sr* 0.22 0.60 0.55 1.25 0.25 0.51 0.14 0.02 
mg = atomic l(M)Mg/(Mg+Fe 2*). 
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• Alkali  basalt,  Trachybasalt  •  Pier  it  e basalt 
16/09/288 

Figure 64. Pyroxene compositions for Bunger Hills mafic 
dykes, plotted on the graphical geothermometer of Lindsley 
(1983) for a pressure of Skb. Most compositions reflect mag-
matic crystallisation, but some groups 3 and 4 dykes show 
equilibration at metamorphic temperatures. 

to have relatively high SiO, (Table 12), and K/Zr, Ba/Zr, 
Ce/Zr, Sr/Zr, Nb/Zr and P/Zr are all significantly higher than 
the other dyke suites (Fig. 68); in contrast to most other dyke 
suites, essentially constant Sr/Zr precludes significant plagio
clase fractionation. Spidergrams are relatively irregular (frac
tionated) and unusual in having positive Nb and Sr anomalies 
(Fig. 69). Sheraton et al. (1990) argued that the high LILE/Zr 
ratios and Srj values (0.7049-0.7053) and relatively low e N d 

(-0.7) can be better explained by derivation from an enriched 
lithospheric mantle source rather than direct crustal assimi
lation, although some degree of contamination is quite possible. 
Ratios of many incompatible elements (particularly LREE 
and some HFSE) are thus considered to approximate those 
of the mantle source. In particular, a positive Nb anomaly 
suggests the presence of a Nb-rich OIB-like (?asthenospheric) 
source component (Sun & McDonough 1989). In this respect, 
and in their degree of LILE enrichment (Figs 68, 69), group 1 
dykes are similar to the quartz monzodioritic plutonic rocks, 
and may, indeed, be of similar age. 

A T%  model age of 1940 Ma (Table 8) indicates that, 

/ \j  v  x v  u  a v  x \. 
K 2 0 + N a 2 0 Mg O 

Figure 66. A-F-M diagram for Bunger Hills mafic dykes, 
most of which, apart from group 1 and alkaline dykes, plot on 
tholeiitic Fe-enrichment trends. Boundary between tholeiitic 
and calc-alkaline (plus alkaline) fields after Irvine & Baragar 
(1971). Symbols as in Figure 65. 

like the plutonic rocks, source enrichment occurred a long 
time before emplacement, and was possibly contemporaneous 
with continental crust formation. 

Magnesian dolerit e dyke s (grou p 2). Rare north
west-trending magnesian dolerites of variable thickness also 
contain significant amounts of orthopyroxene. Most have a 
hypidiomorphic granular or intergranular texture; finer grained 
dykes have a partly variolitic groundmass and contain phe
nocrysts of clinopyroxene (some with pigeonite or orthopy
roxene cores) and olivine (Fig. 70). The typical assemblage 
is orthopyroxene (up to 10%), olivine (Fos7-6i: up to 15%), 
clinopyroxene (35-50%), zoned labradorite-andesine (A1155-35 : 
40-55%), ilmenite + magnetite (2-5%) and minor biotite, 
hornblende and apatite. Clinopyroxene comprises augite 
(Ca43Mg39Feis or Cai2Mg44Fe24) and subcalcic augite 
(Ca 2oMg63Fei 7) (Table 11). 

A dyke on Currituck Island (86285603) is unusual in 
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having a poikilitic texture, and containing about 30 per cent 1000-1050°C during cooling (Fig. 64, Table 23). 
orthopyroxene (about Ca 4 Mg 7 0 Fe 2 6 ) and 5 per cent biotite, Group 2 dykes are relatively little-evolved olivine tholeiites 
but no olivine (Fig. 71). Like the group 1 dykes, pyroxene (mg*  =  atomic 100Mg/(Mg+0.85Fe t o l a | = 54-67) (Figs 65-67). 
compositions indicate igneous crystallisation temperatures of They are characterised by high MgO, Cu, Cr, and Ni (Table 12) 
the order of 1200°C, but with partial re-equilibration at about and low P/Zr (Fig. 68). In contrast to the group 1 dykes, 

Table 10. Chemical analyses of mafic granulite dykes from Bunger Hills area. 
Sample no. 86286045 86286044 86285970 86286040 86285640 86285984 86285996 

Locality Obryvistyy Obryvistyy Booth Thomas Thomas Highjump Highjump 
Island Island Peninsula W Island E Island S Archipelago NE Archipelago NE 

Lithology Cp-Op-Pl Cp-Bi-Op-PI Px-Hb-Pl Cp-Bi-Op-PI Cp-Op-Pl Gl-Hb-Cp- Op-Hb-Cp 
granulite granulite granulite granulite granulite Op-PI granulite PI granulite 

S i O : 46 .80 53 .50 47.10 49 .50 50 .50 48 .80 49 .60 
T i 0 2 2.32 1.16 1.61 1.53 0.51 1.91 1.84 
AI2O3 15.32 14.47 15.47 16.69 17.46 13.50 14.64 
F e 2 0 3 4 .40 1.35 1.61 3.93 1.89 2.62 2.71 
F e O 9.66 6.97 10.17 9.13 7.55 11.90 9.53 
M n O 0.25 0 .16 0.19 0 .19 0 .18 0.22 0 .19 
M g O 7.28 7.09 7.90 8.03 8.30 6.88 6.63 
C a O 9.96 7.48 9.05 8.67 11.00 11.18 11.01 
N a : 0 2.21 1.15 2 .99 0.91 1.33 2 .36 2.45 
K 2 0 0.36 1.48 1.13 0.29 0 .20 0.37 0 .56 
P2O5 0.62 1.60 0.32 0.24 0.05 0.21 0.16 
L O I 1.09 1.21 2 .20 0.91 1.00 0 .70 0 .83 
Rest 0 .42 2 .00 0.33 0.28 0 .28 0.27 0 .39 
Total 100.69 99 .62 100.07 100.30 100.25 100.92 100.54 

o=s 0.08 0.25 0.04 0.04 0 .06 0 .03 0 .09 
Total 100.61 99.37 100.03 100.26 100.19 100.89 100.45 

C.I.P.W. norms 

Q - 14.51 - 6.19 3.29 - _ 
C - 1.21 - - - - -
O r 2.13 8.75 6.68 1.71 1.18 2.19 3.31 
A b 18.70 9.73 24 .53 7.70 11.25 19.97 20 .73 
An 30.82 26.66 25.45 40 .60 41 .08 25 .15 27 .30 
N e - - 0.42 - - - -
Di 11.98 - 14.21 0 .69 10.72 23 .96 21 .64 
Hy 20.60 27.66 - 35.50 28.07 16.34 17.66 
Ol 5.59 - 19.67 - - 4.75 1.84 
Mt 3.29 1.98 2.81 3.06 2 .24 3.45 2 .89 
11 4.41 2 .20 3.06 2.91 0.97 3.63 3.49 
A p 1.47 3.79 0.76 0.57 0.12 0 .50 0 .38 
m g 52.8 64.5 58 .8 57.1 65 .3 50.3 53.7 

Trace elements in parts per million 

Ba 400 8730 385 293 197 114 172 
R b 6 84 21 20 4 2 13 
Sr 342 2380 371 173 234 199 3 0 6 
Pb 9 12 4 8 4 4 5 
Th <1 10 2 <1 <1 <1 <1 
U <0.5 1.5 <0.5 1.0 0.5 0.5 <0.5 
Z r 266 4 0 6 140 110 29 112 121 
N b 20 14 2 4 10 <1 9 8 
Y 33 32 25 31 22 32 28 
La 36 9 4 23 19 6 15 12 
Ce 76 199 41 4 4 16 32 32 
N d 36 88 21 22 8 18 19 
Sc 41 31 35 41 30 49 37 
V 291 171 198 252 160 4 1 3 3 0 9 
Cr 94 245 246 88 270 126 163 
Ni 56 110 135 110 23 63 55 
Cu 58 172 2 8 76 47 74 83 
Zn 121 108 102 103 70 113 94 
Ga 20 15 16 19 16 18 19 
A s <0.5 <0 .5 <0.5 <0.5 <0 .5 <0.5 <0.5 
S 1700 5000 9 0 0 900 1160 700 1810 

K/Rb 498 146 447 120 415 1540 358 
Rb/Sr 0 .018 0.035 0.057 0 .116 0.017 0 .010 0.042 
Ce /Y 2.3 6.2 1.6 1.4 0 .73 1.0 1.1 
K/Zr 11.2 30 .3 67 .0 21.9 57 27 38 
P/Zr 10 17 10 9.5 7.5 8.2 5.8 
Nb/Zr 0.075 0 .034 0.17 0.10 <0 .03 0 .08 0.07 
N b / N b * 0.87 0.21 0.92 0 .75 - 0 . 1 0 .73 0 .60 
Sr/Sr* 0.48 1.30 0.93 0.41 1.52 0.61 0.92 

mg = atomic IOOMg/(Mg+0.85Fe(total)). 
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Table 11. Representative analyses of mafic minerals in dolerite dykes from Bunger Hills area. 
Group 1 
86285682 

Group 1 
86285964 

Group 2 
86285603 

Group 2 
86285655 

Op Pig 
(core) 

Pig 
t rim) 

Cp Op Cp Op Cp Cp Ol 

S i 0 2 51.80 53.26 51.84 51.90 50.77 49.16 52.85 51.71 49.08 38.48 

TiO, 0.47 0.30 0.30 0.63 0.21 1.29 0.57 0.76 1.50 -
A l 2 0 , 1.90 2.77 2.00 3.49 2.62 1.50 2.86 4.79 5.89 -
FeO* 19.70 12.77 19.49 11.52 22.48 13.20 17.31 9.10 12.30 20.56 

MnO 0.28 0.18 0.39 0.20 0.32 0.28 0.13 - 0.14 0.17 

MgO 22.17 22.69 17.93 16.27 19.75 12.07 23.54 16.45 14.68 40.04 

CaO 2.14 6.81 7.24 15.55 2.05 17.96 2.57 16.59 15.80 0.14 

NajO 

K , 0 

C r 2 0 3 

0.25 0.38 0.40 0.61 0.23 0.80 - 0.54 0.59 -NajO 

K , 0 

C r 2 0 3 - 0.18 - - 0.25 0.18 - 0.22 - -
Total 98.71 99.34 99.60 100.18 98.68 100.43 99.85 100.15 99.98 99.39 

O 6 6 6 6 6 6 6 6 6 4 

Si 1.943 1.944 1.954 1.919 1.931 1.850 1.933 1.895 1.833 0.999 

Al i v 057 0.056 0.046 0.081 0.069 0.150 0.067 0.105 0.167 -
AP 027 0.063 0.043 0.071 0.049 0.094 0.056 0.102 0.092 -
Ti 0.013 0.008 0.008 0.018 0.006 0.037 0.016 0.021 0.042 -
Fe 0.618 0.390 0.614 0.356 0.715 0.415 0.529 0.279 0.384 0.446 

Mn 0.009 0.005 0.013 0.006 0.010 0.009 0.004 - 0.004 0.004 

Mg 1.240 1.234 1.007 0.897 1.120 0.677 1.283 0.899 0.818 1.549 

Ca 0.086 0.266 0.293 0.616 0.083 0.724 0.101 0.651 0.632 0.004 

Na 

K 

Cr 

0.018 0.027 0.029 0.044 0.017 0.059 - 0.038 0.043 -Na 

K 

Cr - 0.005 - - 0.007 0.005 - 0.006 - -
Total 4.011 3.999 4.008 4.009 4.007 4.019 3.990 3.996 4.016 3.001 

mg 66.7 76.0 62.1 71.6 61.0 62.0 70.8 76.3 68.0 77.6 

+ Total Fe as FeO. mg = atomic 100Mg/(Mg+total Fe). 

Group 3A 
86285913 

Group 3A 
86285948 

Group 3B 
86285998 

Group 4A 
86285864 

Group 4B 
86286075 

Group 4D 
862858J3 

Group 4E 
86285811 

Op cP Cp Cp Cp Ol Cp Cp Op Cp Hb 

SiO, 50.73 53.09 51.30 51.33 48.28 35.59 51.33 48.74 51.11 51.15 40.98 

TiO, - 0.25 0.78 0.93 2.47 - 1.26 2.05 - 0.93 2.02 

A l , 0 , 1.02 1.40 2.54 3.33 4.92 0.14 3.57 5.17 1.07 3.00 12.97 

FeO* 27.68 9.96 13.56 13.24 12.49 36.53 10.80 12.31 29.31 13.73 17.06 

MnO 0.86 0.36 0.28 0.31 0.18 0.51 - 0.13 0.92 0.39 -
MgO 17.55 12.67 14.82 15.53 12.13 26.80 14.21 11.29 16.41 13.15 8.79 

CaO 0.49 22.50 16.05 15.07 18.92 - 18.70 20.31 0.31 17.23 11.71 

N a , 0 0 . 1 ( 1 0.56 0.51 0.47 0.61 - 0.71 0.66 0.20 0.62 2.13 

K , 0 - - - - - - - - - - 1.68 

C r , 0 , - - - 0.13 - - - - - - -
Total 98.50 100.79 99.83 100.34 99.98 99.56 100.59 100.66 99.33 00.19 97.33 

0 (. 6 6 6 6 4 6 6 6 (i 23 

Si 1.977 1.976 1.927 1.911 1.828 1.000 1.903 1.835 1.986 1.925 6.243 

Al i l 0.023 0.024 0.073 0.089 0.172 - 0.097 0.165 0.014 0.075 1.757 

Al v i 0.024 0.037 0.039 0.057 0 . 0 4 7 0.005 0.059 0.064 0.035 0.058 0.571 

Ti - 0.007 0.022 0.026 0.070 - 0.035 0.058 - 0.026 0.231 

Fe 0.902 0.310 0.426 0.412 0.395 0.859 0.335 0.388 0.953 0.432 2.174 

Mil 0.028 0.011 0.009 0.010 0.006 0.012 - 0.004 0.030 0.012 -
Mg 1.020 0.703 0.830 0.862 0.684 1.123 0.786 0.634 0.951 0.737 1.996 

Ca 0.021 0.897 0.646 0.601 0.767 - 0.743 0.820 0.013 0.695 1.911 

Na 0.012 0.041 0.037 0.034 0.045 - 0.051 0.048 0.015 0.045 0.628 

K - - - - - - - - - - 0.326 

Cr - - 0.004 - - - - - -
Total 4.006 4.0(17 4.008 4.005 4 III - 2.998 4.009 4.015 3.997 4.005 15.839 

mg 53.1 69.4 66.1 67.7 63.4 56.7 70.1 62.0 50.0 63.1 47.9 
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spidergrams show marked negative Nb, Sr, and P anomalies 
(Fig. 69). Lower LILE/Zr and Srj (0.7039-0.7040) and higher 
e N d (+2.4) imply derivation from a distinct, less-enriched 
mantle source (Sheraton et al. 1990). 

Dolerite dyke s (group s 3  an d 4) . By far the most 
abundant dykes are northwest-trending dolerites, which are 
up to 50 m thick, though commonly much thinner (Figs 72, 
73); chilled margins are common. They occur throughout the 
Bunger Hills area and Obruchev Hills, but have not been 
found west of the Denman Glacier. At least some postdate 
the magnesian dolerites. 

Two major groups (3 and 4) and at least 10 subgroups 
can be distinguished on composition, but, petrographically, 
all are typical dolerites with fine to medium-grained ( 0 . 1 -
2 mm) intergranular or, rarely, subophitic texture (Figs 74, 
75). Many are plagioclase-phyric, whereas olivine and cli
nopyroxene phenocrysts are rare. 

These dolerites typically contain reddish-brown biotite 
(2-6%), opaque minerals (5-10%), pink augite ( C a 4 0 M g 4 n F e 2 0 

to C a 4 4 M g 3 4 F e 2 2 or about Ca , ,Mg 4 2 Fe 2 5 : 20—0%), reddish-
clouded labradorite-andesine (An 6 ( i _ 3 8 : 50-60%), and minor 
apatite, carbonate, and, in some rocks, K-feldspar. Olivine 
(Fo 5 7 . 4 0 : up to 15%) is largely confined to groups 4A-C 
dolerites, and minor quartz to some group 3 dykes. Opaque 
minerals comprise ilmenite (as discrete grains and intergrown 
with hematite or magnetite), titanomagnetite, magnetite, and 
rare pyrite. 

Augite is commonly partly altered to pale green actinolitic 
or hastingsitic amphibole and greenish-brown or reddish-brown 
biotite. Olivine may be replaced by ferruginous serpentine 
with rims of pale green to colourless clinoamphibole. Such 
alteration may be partly deuteric, but some is clearly associated 
with late shearing or, in the southeastern Bunger Hills, with 
a regional retrograde metamorphism. 

A granoblas t ic p lagioclase-phyr ic group 3A dyke 
(86285913) from Foster Island contains about 14 per cent each 
of orthopyroxene (Ca]Mg 5 2 Fe 4 7 ) and salite (Ca 4 7 Mg, 7 Fe ] 6 ) , 

and may have crystallised relatively deep in the crust. 
Dolerites in the Obruchev Hills (group 4E) contain relatively 

abundant greenish-brown hornblende (ferroan pargasite: up 
to 20%), reddish-brown biotite (4-8%) and opaque minerals 
(8-10%), but less (-15%) augite (zoned from C a , 7 M g 4 0 F e 2 , 
to Ca 4 1 Mg 3 f ,Fe | 7 ) . Much of the hornblende and biotite is 
clearly secondary, but many well-crystallised grains may be 
primary; clinopyroxene is clouded with exsolved Fe-Ti oxide. 
Plagioclase is strongly zoned. Minor primary orthopyroxene 
is present in some dykes, and secondary metamorphic or
thopyroxene (Car, 6 M g 5 ( ) F e 4 I ) ) forms granular rims around am
phibole (Fig. 76). Patches of carbonate are present locally. 

Clinopyroxene is generally more calcic than that in groups 1 
and 2 dykes (Table 11), and its equilibration temperatures 
were presumably lower. Estimates of minimum temperature 
range from igneous values (1100-1200°C) down to about 
800°C (Fig. 64), consistent with relatively slow cooling of 
these mostly thick dykes deep in the crust. Coexisting or
thopyroxene and clinopyroxene in a group 4E dolerite from 
the Obruchev Hills (86285811) and a group 3A dyke from 
Foster Island (86285913) give clear metamorphic temperatures 
of 70O-800°C (Fig. 64, Table 23). 

Textural evidence (symplectitic orthopyroxene + plagio
clase coronas) suggests that this metamorphism was a discrete 
post-emplacement event (uplift?) in the Obruchev Hills, but 
it is not clear whether the two-pyroxene assemblage in the 
Foster Island dyke crystallised directly from magma during 
emplacement deep in the crust or during later recrystallisation. 
The presence of zoned plagioclase phenocrysts is more con
sistent with the former, although country rocks in the area 
are cut by shear zones and considerably recrystallised. Possibly, 
dyke emplacement and shearing were contemporaneous, as 
can be demonstrated elsewhere in the Bunger Hills. 

Groups 3 and 4 dolerites are chemically rather varied, but 
nevertheless share many compositional features. Each group 
has been subdivided into five subgroups. Group 3 dykes 
comprise strongly Hy-normative (generally >9%) olivine 
tholeiites and subordinate quartz tholeiites, whereas group 4 
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Figure 67. Normative Q-Hy-Di-Ol-Ne diagram for Bunger Hills mafic dykes. Symbols as in Figure 65. 
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Figure 68. Logarithmic plots of incompatible elements against Zr for Bunger Hills dolerite dykes. Estimated ratios for groups 1 
and 4 dykes, and for primordial mantle (dashed lines) are indicated. Symbols as in Figure 65. 

dykes are only slightly (<4%) Hy or Ne-normative transitional 
dolerites (Table 12, Fig. 67). In spite of this, all samples plot 
in the alkaline field on an alkalies-SiO : plot (Fig. 65), but 
show a classic tholeiitic Fe-enrichment trend on an AFM 
diagram (Fig. 66). Group 4 dolerites are more strongly 01-
normative and tend to have higher mg*  values (40-51) than 
group 3 tholeiites (mg*  27-46). 

Similar incompatible element/Zr ratios (Fig. 68) are con
sistent with derivation from generally similar mantle source 
regions, although significant differences between subgroups, 
reflected in systematic differences in the relevant spidergrams 
(Fig. 69), imply the involvement of a range of parent magmas. 

Nearly all these dykes have marked negative Sr and Nb 
anomalies, and most have negative Th anomalies. The Sr 
anomalies of group 3 dykes are generally larger than those 
of group 4, owing to more extensive plagioclase fractionation. 
The importance of plagioclase (in addition to clinopyroxene 

and olivine) fractionation is confirmed by the near-constant 
Sr content with decreasing mg*  and increasing Zr, indicating 
a bulk distribution coefficient for Sr of about 1 (Fig. 68). 

Sheraton et al. (1990) concluded that most of the gross 
chemical variation can be explained by a combination of 
partial melting and fractional crystallisation processes. In 
addition, the magmas were derived from a heterogeneous 
mantle source. P/Zr shows particularly large variations 
(Figs 68, 69), suggestive of various amounts of apatite in the 
source, as has been postulated for mantle beneath southeastern 
Australia (Menzies & Wass 1983). Group 4E dolerites from 
the Obruchev Hills have distinctively low incompatible ele
ment/Zr ratios (Fig. 68), implying an origin from unenriched 
or even depleted mantle. 

Isotopic data are also consistent with the involvement of 
at least two source components in the genesis of groups 3 
and 4 dykes. These range from slightly depleted (Sr; 0.7029, 
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Figure 69. Spidergrams for average groups 1 to 4 dolerite 
dykes from the Bunger Hills area. Groups 3 and 4 have 
generally similar patterns, although variably modified by 
fractionation of plagioclase, in particular. Groups 1 and 2 
patterns are quite different, group I having small positive Nb 
and Sr anomalies. 

Figure 70. Group 2 magnesian dolerite dyke, showing olivine 
(dark grey) and clinopyroxene microphenocrysts in a fine
grained intergranular (locally spherulitic) groundmass; 
eastern Thomas Island. Sample 86285655; width of field: 
5mm. 

Figure 71. Group 2 magnesian dolerite dyke, showing poikili
tic texture with reddish-clouded subhedral orthopyroxene, 
subordinate clinopyroxene, and minor biotite, enclosed in 
plagioclase oikocrysts; southeastern Currituck Island. Sam
ple 86285603; width of field: 6mm. 

e N d +6.3) for group 4E to moderately enriched (Stj 0.7046 
to 0.7053) for group 3A (Table 8). Thus, a depleted (asthe-
nospheric?) component may have been variably mixed with 
an enriched lithospheric component, probably containing sub
ducted crustal material and/or long-term enriched (late Ar
chaean or Palaeoproterozoic) mantle. However, significant 
differences in HFSE ratios preclude simple two-component 
mixing, and require a more complex source chemistry. 

Quite good correlations of S^ with both S iO : and Q-satu-
ration (i.e. normative Q minus the Q deficiency of Ol and 
Ne) can be explained either by a modest (maximum of 5-10%) 
degree of crustal contamination — with a granitic melt or a 
siliceous LILE and 8 7Sr-rich fluid phase — in AFC magma 
chambers or by segregation over a large depth of magma 
derived from variably enriched mantle source regions. Sheraton 
et al. (1990) preferred the second alternative as being the 
simpler, in view of the abundant evidence for LILE and LREE 
heterogeneity of the mantle sources of dykes and other mafic 
intrusives in the Bunger Hills and elsewhere. But, clearly, 
some degree of crustal contamination cannot be entirely ruled 
out. 

The small range of Rb/Sr for individual subgroups means 
that whole-rock Rb-Sr isochrons are imprecise. However, the 
most precise ages (1220180 Ma for group 3A, 111 0± 160 Ma 
for group 4E: Sheraton et al. 1990) are consistent with the 
1150-1170 Ma age of the plutonic rocks they intrude. The 
best estimate of emplacement age of groups 3 and 4 dykes 
(and probably also group 2), deduced from these Rb-Sr data 
and a Sm-Nd mineral isochron age (1120140 Ma) for a group 
4D dyke, is about 1140 Ma (Sheraton et al. 1990). Mineral 
isochrons reflect partial resetting during later geological ac
tivity, probably about 500 Ma ago. 

Picrite an d ankaramit e dykes . Rare, mostly thin 
and northwest to west-northwest-trending alkaline picrite and 
ankaramite dykes crop out in the Bunger Hills. Their age is 
unknown, but probably similar to that of the dolerites. They 
have an intergranular to granular or poikilitic texture and 
some dykes contain plagioclase + carbonate ocelli (Fig. 77). 

The ankaramites contain reddish-brown biotite or phlo
gopite (up to 15%), rather cloudy olivine, commonly partly 
replaced by serpentine (5-20%), brown or reddish-brown 
kaersutite or ferroan pargasite (up to 30%), clinopyroxene 
(20-50%), albitic plagioclase (15-30%), opaque minerals 
(intergrown ilmenite and magnetite, and minor sulphides: up 
to 10%) and minor apatite and carbonate (Fig. 78). 

Picrites differ in having more olivine (~ F o 7 2 : 22%) and 
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less clinopyroxene (diopside, Ca^MgjiFe,,: -22%) (Table 13). reddish phlogopite, colourless amphibole. carbonate, chlorite, 
A very altered, flat-lying picrite (86286085) at Krylatyy and opaque minerals. 
Peninsula contains relict olivine in a groundmass of pale The rock classification of Irvine & Baragar (1971) used 

Figure 73. Groups 2, 3, and 4 dolerite dykes cutting interlayered orthogneiss and paragneiss; eastern Thomas Island. Black 
Island (top right) consists mainly of gabbro of the Booth Peninsula batholith. 
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Table 12. Chemical analyses of representative dolerite dykes from Bunger Hills-Obruchev Hills area. 
Sample no. 86285964 86285682 86286201 86285654 86285936 86285913 86286054 86285660 86286219 86286260 

Locality 1km N  of W of  Lake E end  of Thomas 5km SW  of Foster Miles Thomas Geologov Liberty 
Edgeworth Dolgoe Algae Island E Dobrowolski Island Island E Island E Island Islands S 
David Lake 

Lithology Olivine Quartz High-Mg High-Mg Quartz Olivine Olivine Olivine Olivine Quartz 
tholeiite tholeiite olivine olivine tholeiite tholeiite tholeiite tholeiite tholeiite tholeiite 

tholeiite tholeiite 

Classif. Group 1 Group 1 Group 2 Group 2 Group 3A Group 3A Group 3B  Group  3C Group 3D Group 3E 

S i 0 2 49 .60 52 .30 46 .30 48 .60 48 .80 47 .40 46 .60 45 .30 45 .00 4 9 . 1 0 

T1O2 2.11 1.72 2 .76 3.32 3.67 3.74 3.08 4 .06 4 .19 2.67 

AI2O3 14.63 15.20 10.64 11.74 14.25 15.81 14.92 13.59 12.25 13.23 

F e A 3.21 2 .66 3.53 3.41 3.38 5.62 5.49 3.62 2.78 5.14 

F e O 8.10 8.03 10.39 10.67 10.84 8.68 9.07 12.44 13.81 11.10 

M n O 0 .16 0 .15 0 .19 0 .19 0.22 0.21 0 .23 0.27 0.29 0 .29 

M g O 5.98 5.49 12.08 7.69 4 .80 4 .09 5.78 4 .95 4 .64 2 .86 

C a O 8.10 8.51 8.23 9.64 7.90 8.23 8.57 8.48 8.37 6.28 

N a j O 3.46 3.42 1.75 2 .30 2.87 3.08 2 .74 2 .79 2.75 3.54 

1.35 0 .84 0 .97 1.35 1.59 1.59 1.31 1.61 1.84 2.75 

P2O5 0.50 0 .36 0.29 0.32 0 .53 0.62 0 .53 1.13 2 .40 1.71 

LOI 2 .46 1.31 2 .04 1.01 1.02 0.71 1.29 1.17 0 .98 0 .76 

Rest 0 .50 0 .33 0 .72 0 .40 0.47 0 .44 0 .48 0.52 0.52 0 .60 

Total 100.16 100.32 99 .89 100.64 100.34 100.22 100.09 99 .93 99.82 100.03 

o=s,ci 0.09 0 .05 0.13 0.03 0.10 0 .08 0.11 0.11 0.11 0.11 

Total 100.07 100.27 99 .76 100.61 100.24 100.14 99 .98 99 .82 99.71 99 .92 

C.I.P.W. norms 

Q - 1.71 - - 0.13 - - - - -
Or 7.98 4 .96 5 .73 7.98 9.40 9 .40 7.74 9.51 10.87 16.25 

A b 29.28 28.94 14.81 19.46 24 .29 26 .06 23 .19 23.61 23 .27 29 .95 
An 
M A 

20.40 23.64 18.31 17.72 21 .30 24 .62 24 .54 19.80 15.65 12.09 

iNe 
Di 13.58 13.37 16.69 22 .96 12.00 10.16 12.03 12.43 8.54 6 .74 

Hy 10.71 19.33 19.62 16.09 20.07 10.25 9.77 8.40 17.95 15.59 

Ol 7.28 - 12.58 4.51 - 6.39 10.27 10.27 4.57 4 .96 
Ml 2 .66 2 .52 3.28 3.32 3.35 3.32 3.39 3.79 3.94 3.80 

11 4.01 3.27 5.24 6.30 6.97 7.10 5.85 7.71 7.96 5.07 

A p 1.18 0.85 0 .69 0 .76 1.26 1.47 1.26 2.68 5.68 4 .05 
mg 53 .3 52 .5 65.1 54 .0 42 .0 38.4 46 .4 39 .8 37 .4 27 .6 

Trace elements in parts per million 

Ba 543 354 336 415 579 651 4 5 2 669 6 7 6 1457 
Rb 25 15 27 38 4 8 4 5 31 38 41 51 
Sr 877 627 375 4 9 0 225 288 312 3 0 3 263 343 
Pb 7 3 8 11 13 13 9 12 12 15 
Th 2 1 5 4 6 6 2 2 2 2 
U 0.5 0.5 1.0 0.5 <0.5 0.5 0.5 0.5 <0.5 0.5 
Z r 136 102 243 270 279 297 268 384 4 8 3 4 9 6 
N b 37 22 15 17 15 16 16 22 18 41 
Y 22 22 31 34 57 5 6 49 70 81 8 8 
La 24 16 21 33 31 42 23 47 41 63 
Ce 50 35 59 73 72 9 0 59 106 106 136 
Nd 32 22 36 4 4 41 51 38 67 7 8 82 
Sc 17 19 25 30 27 25 27 29 34 21 
V 113 117 288 348 281 226 2 9 0 282 202 29 
Cr 142 116 978 3 8 3 50 2 8 77 28 2 <0 .2 
Ni 75 4 6 598 122 53 33 54 27 8 <0 .2 
Cu 32 28 126 87 36 5 0 41 34 33 22 
Zn 129 111 116 109 142 141 123 148 170 179 

Ga 20 19 19 21 21 21 20 24 20 23 
As <0 .5 <0.5 <0.5 <0 .5 <0.5 <0.5 <0 .5 <0 .5 <0.5 <0 .5 

S 1670 9 8 0 2630 4 1 0 2030 1560 2 2 3 0 2080 2190 2030 

CI 495 245 140 225 120 165 135 175 105 345 

K/Rb 4 4 8 465 298 295 275 293 351 352 373 4 4 8 
Rb/Sr 0 .029 0 .024 0 .072 0 .078 0 .213 0 .156 0 .100 0 .125 0 .156 0 .149 
Ce/Y 2.3 1.6 1.9 2.2 1.26 1.61 1.20 1.51 1.31 1.55 
K/Zr 82 68 33 41 47 44 41 35 32 4 6 
P/Zr 16 15 5.2 5.2 8.3 9.1 8.6 13 22 15 
Nb/Zr 0.27 0.22 0.062 0.063 0.054 0.054 0 .060 0.057 0.037 0 .083 
N b / N b * 1.26 1.17 0 .65 0 .50 0.42 0 .38 0 .56 0.49 0.41 0.61 
Sr/Sr* 1.64 1.68 0.61 0 .64 0.31 0.32 0.49 0.27 0.22 0.24 

mg = atomic IOOMg/(Mg+0.85Fe(totall). 
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Sample no. 86285877 86286097 86286075 86285966 86286050 86285839 86285977 86285803 

Locality 2km SE  of Bunger Paz Cove 1km N  of Miles Saturn Booth Obruchev 
Dobrowohki Hills SE NE Edgeworth Island W Island Peninsula W Hills C 

David 

Lithology Olivine Olivine Olivine Olivine Olivine Olivine Olivine Olivine 
dolerite dolerite dolerite dolerite dolerite dolerite dolerite dolerite 

Classif. Group 4A Group 4A Group 4B Group 4B Group 4C Group 4D Group 4D Group 4E 
SiO: 45.60 45.30 44.70 44.90 46.60 44.20 44.90 45.00 
TiO: 3.05 3.25 3.30 4.00 2.59 3.70 3.98 3.34 
AI2O3 16.83 15.92 15.65 15.27 15.68 15.01 14.18 15.04 
F e 2 0 3 3.97 3.35 2.69 4.20 2.91 3.94 2.13 4.79 
FeO 9.04 11.05 11.90 11.54 10.32 11.75 14.02 10.16 
MnO 0.18 0.20 0.21 0.22 0.21 0.24 0.25 0.24 
MgO 5.84 6.07 6.91 5.66 6.11 5.73 5.43 6.71 
CaO 8.79 8.50 8.98 8.48 8.75 8.27 8.32 9.03 
N a 2 0 3.15 3.01 2.96 3.01 2.92 3.06 2.89 2.94 
K 2 0 0.83 0.88 0.79 1.11 0.99 1.25 1.40 0.73 
P : 0 5 0.40 0.44 0.62 0.79 0.34 0.67 0.81 0.43 
LOI 2.05 1.85 1.11 0.62 1.70 1.69 1.12 0.82 
Rest 0.42 0.38 0.46 0.44 0.70 0.51 0.53 0.29 

Total 100.15 100.20 100.28 100.24 99.82 100.02 99.96 99.52 

o=s,ci 0.10 0.08 0.13 0.10 0.24 0.12 0.12 0.04 

Total 100.05 100.12 100.15 100.14 99.58 99.90 99.84 99.48 

C.I.P.W. norms 

Q 
Or 4.90 5.20 4.67 6.56 5.85 7.39 8.27 4.31 
Ab 26.65 25.47 24.56 25.47 24.71 24.29 24.45 24.88 
An 29.33 27.33 27.08 24.88 26.75 23.53 21.58 25.69 
Ne - - 0.26 - - 0.87 - -
Di 9.62 9.90 11.06 9.99 11.92 10.90 12.00 13.46 
Hy 1.08 3.04 - 2.79 6.57 - 3.56 0.74 
01 16.13 16.34 19.88 16.20 12.71 18.43 15.20 18.25 
Mt 3.05 3.40 3.46 3.70 3.13 3.70 3.85 3.50 
II 5.79 6.17 6.27 7.60 4.92 7.03 7.56 6.34 
Ap 0.95 1.04 1.47 1.87 0.81 1.59 1.92 1.02 
mg 49.3 47.5 50.3 43.7 49.8 44.0 41.7 49.3 

Trace elements in parts per million 

Ba 322 330 295 47<S 327 380 458 113 
Kh 15 18 14 16 15 29 32 7 
Sr 313 285 327 312 356 332 297 295 
Pb 6 6 6 5 6 9 9 3 
Th <1 <1 <l <1 1 1 3 <1 
U 0.5 0.5 1.0 <0.5 <0.5 0.5 1.0 0.5 
Zr 191 206 208 250 208 329 354 289 
Nh 1(1 10 9 10 12 19 22 1 1 
Y 39 42 4 0 44 36 54 60 51 
La 15 13 15 16 16 28 32 12 
Ce 41 43 40 44 39 68 77 43 
Nd 26 25 28 31 24 43 50 30 
Sc 24 26 25 25 27 28 31 32 
V 207 253 218 266 261 313 316 323 
Cr 62 73 68 4') 72 46 71 106 
Ni 95 84 93 60 55 53 43 71 
Cu 35 42 50 38 42 38 4 0 48 
Zn 109 125 105 130 107 144 153 122 
Ga 20 21 20 20 21 22 23 22 
As <0.5 <0.5 <0.5 0.5 <0.5 <0.5 0.5 <fl.5 
S 2030 1570 2450 2040 4720 2350 2380 670 
CI 155 75 135 70 165 235 160 85 

K/Rb 459 406 468 576 548 358 363 866 
Rb/Sr 0.048 0.063 0.043 0.051 0.042 0.087 0.108 0.024 
Ce/Y 1.1 1.0 1.0 1.0 I.I 1.3 1.3 0.84 
K/Zr 36 35 32 37 40 32 33 21 
P/Zr 9.1 9.3 13 14 7.1 8.9 10 6.5 
Nb/Zr 0.052 0.049 0.043 0.040 0.058 0.058 0.062 0.038 
Nb/Nb* 0.55 0.56 0.51 0.45 0.58 0.63 0.64 0.71 
Sr/Sr* 0.71 0.65 0.73 0.63 0.87 0.46 0.36 0.61 
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here is based on chemical composition and. therefore, gives 
a more consistent nomenclature for compositionally similar 
rocks than would a petrographic classification. However, the 
more hornblende-rich dykes would be classified as spessartites 
on the scheme of Streckeisen (1979). 

Chemically, these dykes form a heterogeneous group of 
alkaline (Ne-normative) magnesian rocks (Table 14, Figs 65, 
67). The two picrites are strongly Ol-normative and probably 
represent near -pr imary l iquids (mg'  = atomic lOOMg/ 
(Mg+0.8Fe t H l a |) = 73-75, high Cr and Ni), although the altered 
sample has apparently lost N a 2 0 . The ankaramites are more 
evolved (mg'  58-75) and more strongly Di and Ne-normative, 
but have lower LILE contents and presumably represent higher 
degree melts. Both dyke types have many chemical features 
in common with group 1 dolerites, despite being much more 
SiOyundersaturated. They plot in the tholeiite field on an 
AFM diagram (Fig. 66) and do not have Nb anomalies 
(Fig. 79). Hence, they were presumably also derived from 
an enriched mantle source with a major Nb-rich OIB-type 
component (Sheraton et al. 1990). 

Alkali basal t an d trachybasal t dykes . These are 
the youngest dyke suite, cropping out mainly in the south
western Bunger Hills and Taylor Islands. Most are less than 
1 m thick and their predominant trend is east-west. 

Alkali basalts are commonly porphyritic, with olivine 
(F°s7-77 : 5-15%) and diopside (Ca 4 8Mg44Fe 8: 5-20%) phe
nocrysts in a fine-grained groundmass of brown or reddish-

Figure 74. Group 4 dolerite dyke (olivine, clinopyroxene, 
plagioclase), showing subophitic to intergranular texture; 
east of Paz Cove. Minor reddish-brown biotite is associated 
with Fe-Ti oxides. Sample 86285872; width offield: 6mm. 

brown biotite (rarely up to 25%), alkali feldspar, oligoclase 
(An, ( l_2o) and minor clinopyroxene, pale green amphibole, 
magnetite, pyrite, apatite and carbonate (Fig. 80). Olivine is 
wholly or partly replaced by mixtures of yellowish serpentine. 

Figure 76. Group 4E dolerite dyke, showing possibly primary 
hornblende and biotite, as well as clinopyroxene, with secon
dary granular orthopyroxene and clinopyroxene; 
northeastern Obruchev Hills. Sample 86285811; width of 
field: 1.8mm. 

Figure 77. Plagioclase+carbonate-rich ocelli in ankaramite 
(spessartite-kersantite) dyke; southwest of Edgeworth David 
Base. Groundmass consists of olivine, clinopyroxene, biotite, 
hornblende, plagioclase, and opaque minerals. Sample 
86285688; width of field: 3.0mm. 

Figure 75. Relatively coarse-grained group 4 dolerite dyke 
(olivine, clinopyroxene, plagioclase), showing subophitic to 
intergranular texture; northeastern Paz Cove. Sample 
86286075; width of field: 7mm. 

Figure 78. Ankaramite (spessartite) dyke, showing slightly 
zoned subhedral clinopyroxene, olivine (darker grey), fine
grained reddish-brown hornblende, and plagioclase, with a 
locally poikilitic texture; east of Edgeworth David Base. Sam
ple 86285824; width of field: 3.2mm. 
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chlorite, talc, colourless clinoamphibole, opaque minerals and 
carbonate, probably as a result of deuteric alteration. Some 
plagioclase is replaced by scapolite. Some dykes contain 
carbonate ± quartz ocelli. 

A chemically similar dyke (86285918) from the northern 
Taylor Islands contains comparatively well crystallised dark 
brown biotite (20%) and pale green actinolite (25%), as well 
as fine-grained granular feldspar. Some of the actinolite forms 
aggregates which probably replace original clinopyroxene 
(and possibly olivine) phenocrysts. Representative analyses 
of mafic minerals are given in Table 13. 

Trachybasalts contain phenocrysts of zoned labradorite-
andesine ( A n ^ y , with K-feldspar rims: 5-10%), as well as 
diopside ( C a 4 7 M g 4 0 F e 1 3 , some with pigeonite (Cai2Mg f, 8Fe 2 n) 
cores: 4-10%) and olivine (Fo 7 8 . 7 , : 4%), in an intergranular 
groundmass of feldspar (mainly alkali feldspar), greenish-
brown actinolite or reddish-brown pargasitic amphibole, dark 

t '  1 ' 1  1 1 '  1  ' 1 1  r 
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Figure 79. Spidergrams for average Bunger Hills alkaline 
dykes. 

Figure 80. Alkali basalt dyke, with clinopyroxene (white) and 
slightly altered olivine phenocrysts; northern Taylor Islands. 
Sample 86285922; width of field: 7mm. 

brown biotite, pyrite (partly altered to goethite), apatite and 
quartz (Figs 81, 82). Two such dykes from the Taylor Islands 
contain poikilitic aggregates of biotite (20-25%) and actinolite 
(13-17%) (Fig. 83). These presumably replaced clinopyroxene 
or olivine, but nevertheless appear to be of magmatic rather 
than deuteric or metamorphic origin. 

The extent of replacement of original anhydrous minerals 
by hydrous phases was probably a function of cooling rate, 
as well as the water content of the magma. Hence, in the 

Figure 81. Trachybasalt dyke, with phenocrysts of plagioclase 
(zoned labradorite with k-feldspar rims) and olivine in an 
intergranular groundmass of K-feldspar, clinopyroxene, bi
otite, reddish-brown amphibole, and opaque minerals; 
southwestern Bunger Hills. Sample 77284730; cross polar
ised light in lower photo; width of field: 10mm. 

Bra f lmf f ih urn 

mm- "  " t ^ S R f l f l h l mUr 

Figure 82. Trachybasalt dyke, with zoned plagioclase and 
olivine phenocrysts in a fine-grained, locally trachytic 
groundmass; southwestern Bunger Hills. Sample 86285952; 
width of field: 11mm. 
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Table 13. Representative analyses of mafic minerals in alkaline dykes from Bunger Hills area. 
Picrite Alkali  basalt  Alkali  basalt  Trachybasalt  Trachybasalt 
86285954 862X5912  86285918  86285949  86285919 

Cp Ol Hb* Phi Cp Ol Act* Bi Pig Cp Ol Act* 

S i 0 2 51.73 37.88 46.28 36.78 53.02 4o. : . ; 56.25 36.72 54.11 49.56 38.78 53.57 
TiO: 1.09 - 1.36 2.16 0.53 - - 2.08 0.31 1.72 - -
A l 2 O j 3.45 - 7.60 15.80 2.47 0.14 0.87 14.29 1.95 5.11 0.09 3.11 
FeO* 6.80 25.27 14.36 11.49 4.58 12.48 7.49 14.53 12.57 7.38 20.77 10.84 
MnO - 0.52 0.20 - - 0.19 0.15 - 0.18 - 0.24 -
MgO 14.74 36.14 13.29 18.48 15.80 46.96 18.98 15.61 24.35 13.63 39.89 16.40 
CaO 21.52 0.20 10.86 - 23.42 0.21 12.79 - 6.17 22.54 0.16 12.52 
N a 2 0 0.72 - 2.54 0.47 - - 0.21 0.20 0.31 0.36 - 0.57 
K : 0 - - 0.35 9.21 - - - 9.07 - - - 0.22 
C r 2 0 3 - - 0.11 - 0.31 - - - 0.71 0.23 - -
Total 100.05 100.01 96.95 94.38 100.44 100.20 96.73 92.50 100.66 100.53 99.94 97.23 

O 6 4 23 22 6 4 23 22 6 6 4 23 
Si 1.909 1.007 6.810 5.459 1.936 0.996 7.952 5.640 1.946 1.836 1.001 7.675 
Al ' v 0.091 - 1.190 2.541 0.064 0.004 0.048 2.360 0.054 0.164 - 0.325 
A l v i 0.059 - 0.129 0.224 0.042 - 0.098 0.227 0.029 0.059 0.003 0.200 
Ti 0.030 - 0.150 0.241 0.015 - - 0.241 0.008 0.048 - -

F e 1 - - 0.532 - - - 0.018 - - - - 0.082 
F e : 0.210 0.558 1.235 1.426 0.140 0.258 0.867 1.866 0.378 0.229 0.448 1.216 
Mn - 0.012 0.025 - - 0.004 0.018 - 0.006 - 0.005 -Mg 0.811 1.423 2.916 4.088 0.860 1.733 3.999 3.574 1.305 0.752 1.535 3.502 
Ca 0.851 0.006 1.713 - 0.916 0.006 1.937 - 0.238 0.895 0.005 1.922 
Na 0.052 - 0.724 0.134 0.023 - 0.057 0.060 0.022 0.026 - 0.158 
K - - 0.065 1.744 - - - 1.776 - - - 0.041 
Cr - - 0.013 - 0.009 - - - 0.020 0.007 - -
Total 4.012 2.999 15.502 15.856 4.003 3.002 14.994 15.744 4.005 4.015 2.997 15.121 

mg 79.4 71.8 70.2 74.1 86.0 87.0 82.2 65.7 77.5 76.7 77.4 74.2 

Trachybasalt 
77284730 

Bi Cp Ol Hh* Bi 
SiO: 36.54 46.93 37.11 39.72 33.70 
TiO: 2.37 1.91 - 3.89 8.22 
Al 20_, 14.00 6.91 - 11.98 13.64 
FeO* 16.97 8.89 26.53 14.16 22.38 
MnO - - 0.32 0.28 0.25 
MgO 14.48 12.70 35.88 11.48 8.87 
CaO - 22.18 0.16 11.77 -
N a 2 0 0.30 0.40 - 2.14 0.18 
K 2 0 9.07 - - 2.32 9.72 
C r 2 O j - - - - -
Total 93.72 99.93 100.00 97.73 96.96 

O 22 6 4 23 22 
Si 5.612 1.766 0.987 6.008 5.207 
Al i v 2.388 0.234 - 1.992 2.484 
Al v i 0.146 0.073 - 0.144 -
Ti 0.273 0.054 - 0.442 0.955 
F e 3 - - - 0.074 -
Fe 2 2.179 0.280 0.590 1.717 2.892 
Mn - - 0.007 0.036 0.032 
Mg 3.314 0.712 1.423 2.587 2.043 
Ca - 0.894 0.005 1.907 -
Na 0.089 0.029 - 0.628 0.054 
K 1.778 - 0.447 1.915 
Cr - - - - -
Total 15.780 4.042 3.012 15.982 15.582 

mg 60.3 71.8 70.7 60.1 41.4 

+ Total Fe as FeO. mg = atomic IOOMg/(Mg+total Fe), or 
l00Mg/(Mg+Fe 2 *) for amphibole (Act. Hb). 

* Fe 3 * in amphiboles calculated assuming total cations 
(excluding Ca, Na. and K) = 13. 

Figure 83. Trachybasalt dyke, with poikilitic aggregates of 
pale green actinolite and dark brown biotite in a K-feldspar-
rich groundmass; northern Taylor Islands. Sample 
86285919; width of field: 5.5mm. 

presumably more rapidly cooled, finer grained dykes, cli
nopyroxene and olivine phenocrysts have not reacted sub
stantially with the residual hydrous liquid, although the 
abundance of biotite in the groundmass attests to the high 
water content of the magma. 

Two even more evolved trachyandesite dykes contain only 
zoned calcic andesine (10%) phenocrysts, together with It-
feldspar, dark brown biotite (8-10%), green amphibole (up 
to 8%) and minor opaque minerals, quartz and apatite. 

Clinopyroxene has a much more restricted range of com
position in these dykes than in the dolerites, and mostly 
indicates crystallisation at at least 900-1000°C (1200° for 
pigeonite cores) (Fig. 64), consistent with rapid quenching 
after emplacement. 

The more biotite and amphibole-rich of these dykes would 
be classified as lamprophyre (minette or vogesite, respectively) 
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Figure 84. Small boulder (cobble) of rapakivi granite from 
moraine, showing rounded K-feldspar phenocrysts rimmed by 
altered plagioclase. 

Figure 85. Small boulder of rapakivi granite from moraine, 
showing pink rounded K-feldspar crystals, partly mantled by 
green epidotised plagioclase. Many of the smaller feldspar 
crystals are altered plagioclase. The boulder is cut by a small 
mylonite zone. 
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Figure 86. Spidergrams for rapakivi granites from moraines 
in the Bunger Hills area. 

on the criteria of Streckeisen (1979) and Rock (1984). However, 
because of the secondary nature of much of these minerals, 
the presence of plagioclase phenocrysts in some dykes, and 
the chemical similarity of olivine + clinopyroxene-phyric 
dykes to biotite + amphibole-rich ones, the chemical classifi
cation of Irvine & Baragar (1971) is used here. In terms of 
the total alkali silica (TAS) classification of volcanic rocks 
(Le Maitre 1984), these dykes range from basanite, through trachy
basalt and phonotephrite, to basaltic trachyandesite (shoshonite). 

The alkali basalt and trachybasalt dykes are Ne-normative 
and strongly enriched in alkalies, particularly K 2 0 (Table 14, 
Figs 65-67). The former are little evolved (normative Ol 
13-26%, mg'  65-80), whereas the latter are more fractionated 
(Ol 9-14%, mg'  54-67). The Hy-normative trachyandesites 

are even more evolved (Ol 2-5%, mg' 43^+4). All these dykes 
have very high incompatible element contents (especially Pb, 
K, Ba, Rb, Sr. Th, U, and LREE). and spidergrams show 
strong and increasing enrichment in most elements from Zr 
to Ba. large negative Nb anomalies and relatively low Rb 
(Fig. 79). 

Much of the chemical variation can be explained by 
fractionation of clinopyroxene and olivine and probably, in 
the most evolved dykes, plagioclase, together with different 
conditions and/or degrees of partial melting. The similarity 
of the spidergrams suggests derivation from similar source 
regions, although the Hy-normative trachyandesites, at least, 
probably formed from a distinct parent magma which segre
gated under relatively high P H 2 ( ) or low pressure conditions 
(Sheraton et al. 1990). However, significant variations in some 
incompatible element ratios and Srf values, which form two 
distinct groupings (0.7074-0.7085, 0.7147-0.7168: Table 8) that 
do not correlate with bulk composition, preclude melting of 
a homogeneous source. Nevertheless, the high S^ and low 
e N d ( - l 8.6,-17.2) are consistent with derivation from long-term, 
variably enriched mantle. The large negative Nb anomalies 
suggest a major LILE-rich (slab-derived?) component in the 
source. An alkali basalt and a trachybasalt have indistinguish
able mineral-whole-rock Rb-Sr isochron ages of 502±12 and 
502±7 Ma, respectively, interpreted as crystallisation ages. 
Moreover, ! , 7 Sr/ 8 6 Sr ratios of these two dykes converge to the 
same value at 2426 Ma, and TNrm model ages are 2290 and 
2080 Ma, respectively. These values resemble T N

D

d

M model 
ages of the country rocks (Table 8), suggesting that metaso
matism of the source of the alkaline dykes (and possibly also 
the plutonic rocks) was contemporaneous with formation of 
continental crust in the area. 

Rapakivi granit e an d felsi c volcanic s 
A distinctive megacrystic granite, commonly with a rapakivi 
texture, occurs in moraines in much of the Bunger Hills area. 
It has not been found in situ, so its age relations with the 
other units are unknown. It is most common in the western 
Bunger Hills and at Grace Rocks, suggesting a sub-glacial 
source to the south or southeast, rather than east. 

The granite is characterised by pink poikilitic K-feldspar 
megacrysts, up to 6 cm across, commonly rounded and rimmed 
by pale green altered plagioclase (Figs 84, 85). There are 
smaller greenish phenocrysts of sericitised plagioclase, and 
the groundmass is rich in biotite and hornblende. The granite 
contains dark greenish-brown hornblende (up to 4%), dark 
brown biotite (1-5%), quartz (25-35%), sodic andesine or 
oligoclase, locally with albite rims (20-35%), microcline 
(25-50%) and minor opaque minerals, apatite, zircon, sphene 
and, in one rock, fluorite. 

Alteration is extensive; plagioclase is sericitised and biotite 
is chloritised. Up to 2 per cent of secondary pale green 
clinoamphibole may replace original pyroxene, and sphene 
rims opaque minerals. Small amounts of secondary epidote 
or clinozoisite, carbonate and muscovite may also be present. 
Other, strongly epidotised, granitic rocks have also been found 
in Bunger Hills moraines. 

The rapakivi granite is moderately fractionated and mar
ginally metaluminous or peraluminous (Table 15, Figs 89-91). 
The presence of hornblende and sphene, together with the 
mostly Di-normative compositions, is consistent with it being 
I-type (Chappell & White 1974), although relatively high 
REE and HFSE suggest anorogenic (A-type) affinities (Collins 
et al. 1982; Whalen et al. 1987), in common with most 
rapakivi granites (Rogers & Greenberg 1990). Like other 
rapakivi granites, it has the irregular spidergrams that are 
more typical of intracrustal than mantle-derived melts (large 
negative Nb, Sr, P. and Ti anomalies, but no Y depletion) 
(Fig. 86). There are no obvious chemical correlations with 
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Table 14. Chemical analyses of representative alkaline dykes from Bunger Hills area. 
Sample no. 86285954 86285823 86285688 86285677 86285918 86285919 86285952 86285931 

Locality Lake Poly- Ikm E  of 2km SW  of W of  Lake N Taylor N Taylor 6km SW  of S Taylor 
anskogo Edgeworth Edgeworth Dolgoe Islands Islands Dobrowolski Islands 

David David 

Lilhology Picrite Ankaramite Ankaramite Alkali olivine  Alkali  olivine Trachybasalt Trachybasalt Trachy-Lilhology 
basalt basalt basalt andesite 

SiO: 42.60 43.90 41.90 46.10 48.30 50.10 51.00 53.90 

T1O2 2.40 1.82 2.68 0.93 1.10 1.16 1.42 1.50 

AI2O3 8.79 7.33 10.41 12.96 14.29 15.31 18.12 18.41 

Fe:Oj 3.46 2.57 3.98 3.43 1.84 1.65 2.46 3.04 
FeO 9.47 9.78 10.42 3.98 5.59 4.17 4.69 4.44 
MnO 0.18 0.18 0.20 0.14 0.12 0.07 0.12 0.09 
MgO 15.59 16.58 12.41 12.49 9.56 5.21 3.68 2.54 

CaO 8.78 12.47 10.10 6.91 7.28 7.26 5.80 5.45 
N a : 0 2.09 1.50 2.43 1.91 2.12 2.81 2.94 3.67 
K 2 0 1.47 0.55 1.06 4.89 4.92 5.59 6.06 4.68 
P : 0 5 0.41 0.18 0.39 0.95 0.91 0.98 1.01 0.85 
H2O* 1.95 0.49 0.79 1.88 1.45 0.92 0.93 0.52 

H ; 0 0.08 0.05 0.02 0.10 0.05 0.18 0.11 0.04 
CO: 1.77 1.60 2.17 1.68 0.67 2.25 0.36 0.04 
Rest 0.70 0.63 0.67 1.58 1.08 1.69 1.26 1.06 

Total 99.74 99.63 99.63 99.93 99.28 99.35 99.96 100.23 

o=s,ci 0.08 0.09 0.13 0.10 0.06 0.04 0.03 0.05 

Total 99.66 99.54 99.50 99.83 99.22 99.31 99.93 100.18 

C.I.P.W. norm s 

Or 8.69 3.25 6.26 28.90 29.07 33.03 35.81 27.66 
Ab 8.98 5.93 8.23 4.79 11.15 15.65 18.91 31.05 
An 10.26 11.64 14.37 12.35 14.95 12.65 18.35 19.94 
Ne 4.71 3.66 6.68 6.16 3.68 4.40 3.23 -
Di 24.51 39.23 26.79 12.52 12.19 13.67 3.13 1.28 
Hy - - - - - - - 7.88 
0 ! 28.40 25.30 23.01 23.48 18.40 8.55 10.51 3.49 
Ml 4.06 3.90 4.51 2.28 2.33 1.82 2.22 2.31 
11 4.56 3.46 5.09 1.77 2.09 2.20 2.70 2.85 
Ap 0.97 0.43 0.92 2.25 2.16 2.32 2.39 2.01 
mg 73.4 75.3 66.3 79.7 74.6 67.2 54.3 44.1 

Trace element s in pan s pe r millio n 

Ba 1012 184 337 6060 4240 7220 5820 4050 
Rb 43 10 22 213 189 107 212 145 
Sr 517 329 629 1621 1280 4250 1729 1635 
Pb 11 4 5 1 1 0 25 49 109 51 
Th 6 <1 2 76 58 55 96 54 
U 0.5 <0.5 <0.5 10 7.5 6.5 14 5.0 
Zr 201 125 216 406 340 317 604 542 
Nb 47 15 32 12 21 20 31 32 
Y 22 16 21 39 25 22 36 37 
La 57 13 34 166 118 242 322 182 
Ce 114 35 75 301 212 401 532 319 
Nd 57 22 34 140 102 167 207 124 
Sc 29 34 27 18 20 12 14 12 
V 309 286 321 126 127 110 150 121 
Cr 734 1260 669 890 637 207 81 <2 
Ni 503 534 339 363 194 180 40 22 
Cu 70 127 88 42 46 76 63 31 
Zn 112 82 114 76 71 88 92 95 

Ga 16 14 20 11 14 16 18 20 
As 0.50 <0.50 <0.50 2.00 <0.50 <0.50 3.00 2.50 

S 1330 1780 2350 1050 890 480 570 350 
CI 685 255 410 2070 685 695 165 1500 

K/Rb 284 457 400 191 216 434 237 268 
Rb/Sr 0.083 0.030 0.035 0.131 0.148 0.025 0.123 0.089 

Ce/Y 5.2 2.2 3.6 7.7 8.5 18 15 8.6 
Th/U 12 - >4 7.6 7.7 8.5 6.9 II 
K/Zr 61 37 41 KXI 120 146 83 72 
P/Zr 8.9 6.3 7.9 10 12 13 7.3 6.9 
Nb/Zr 0.23 0.12 0.15 0.030 0.062 0.063 0.051 0.059 
Nb/Nb» 0.98 1.10 1.04 0.08 0.17 0.10 0.13 0.21 
Sr/Sr* 0.47 0.88 0.90 0.57 0.64 1.18 0.37 0.58 

mg =  atomi c IOOMg/(Mg+0.8Fe(total)l . 
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Table 15. Chemical analyses of rapakivi granites from 
moraines in hunger Hills area. 
Sample no. 86286230 86286285 

Locality Moraine Moraine Moraine Locality 
(2km SE  of (Grace Rocks) 
Dobrowol.) 

Lithology Bi granite Bi-Hb granite Bi-Hb granite 

S i 0 2 69.90 65 .60 67.50 
T i 0 2 

0.45 0.70 0.71 
AI2O3 14.44 15.56 14.40 
F e 2 0 3 

0.44 1.04 1.16 
F e O 1.94 3.02 3.18 
M n O 0.04 0.07 0.07 
M g O 0.99 0.73 0.76 
C a O 1.36 2.79 2.38 
N a 2 0 2.83 3.00 2.89 
K 2 0 6.15 5.84 5.74 
p 2 o 5 

0.14 0.24 0.20 
LOI 1.31 0.69 0.86 
Rest 0.27 0.35 0.34 
To ta l 100.26 99 .63 100.19 

C.I.P.W. norms 

Q 24.76 17.86 21.55 
c 0.99 - -
Or 36.34 34.51 33.92 
A b 23.95 25.39 24.45 
An 5.83 11.74 9.37 
Di - 0.45 0.96 
Hy 5.00 5.25 5.24 
Mt 0.64 1.51 1.68 
11 0.85 1.33 1.35 
A p 0.33 0.57 0.47 
mg 47.6 30.1 29.9 

Trace elements in parts per million 

B a 947 1581 1117 
R b 389 259 322 
Sr 107 176 139 
Pb 68 42 48 
Th 44 17 42 
U 4.0 3.0 5.5 
Zr 306 404 585 
N b 15 17 23 
Y 51 54 75 
La 54 60 94 
Ce 106 126 200 
N d 40 51 78 
Sc 7 12 11 
V 22 32 35 
Cr 2 3 <2 
Ni 2 3 7 
Cu 17 7 9 
Zn 38 61 71 
Sn 6 3 7 
G a 19 20 18 
S 100 100 <100 

K/Rb 131 187 148 
Rb/Sr 3.64 1.47 2.32 
Ce /Y 2.1 2.3 2.7 
Th /U 11 5.7 7.6 
K/Zr 167 120 81 
P/Zr 2.0 2.6 1.5 
Nb/Zr 0 .049 0 .042 0.039 
N b / N b * 0.14 0.16 0.19 
Sr/Sr* 0.12 0.16 0.08 

any of the felsic intrusive rocks cropping out in the area, but 
the relative abundance of rapakivi granite erratics in the 
Bunger Hills area implies a significant sub-glacial occurrence. 

Porphyritic felsic rocks of presumed volcanic origin also 
occur in moraines, notably at Chugunov Island (see below). 
The location of this island, between the seaward ends of the 
Denman and Scott Glaciers, suggests a source for these 
volcanics, like that of the rapakivi granite, to the south or 
southeast. They include pink to purple rhyolite with phe-
nocrysts predominantly quartz and K-feldspar. One sample 
(86286034) contains corroded quartz (10%) and K-feldspar 
(5%) phenocrysts in a turbid, spherulitic quartzo-feldspathic 
groundmass with minor opaque minerals and hematite. Another 
coarser grained rhyolite (86286035) consists of greenish-brown 
hornblende (5%), quartz (25%), sericitised feldspar (mainly 
alkali feldspar: 70%) and minor opaque minerals, apatite and 
zircon. A few iddingsite pseudomorphs may be after pyroxene. 
Both rocks contain granophyric intergrowths of K-feldspar 
and quartz. 

A third porphyry contains large (1-6 cm), altered pink 
poikilitic K-feldspar phenocrysts with green strongly sericitised 
rims, which suggest an affinity with the rapakivi granite, 
although the groundmass is much finer grained. There are 
also small greenish sericitised plagioclase and a few quartz 
phenocrysts, and the groundmass contains quartz, altered 
feldspar, colourless to pale green secondary amphibole, epi-
dote, iddingsite pseudomorphs (after pyroxene?), and minor 
opaque minerals, hematite, apatite and zircon. 

mg = atomic 100Mg/(Mg+Fe 2 + ) . 
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Denman Glacie r Are a 
This study covered an area on the western side of the Denman 
Glacier. Similar in size to the Bunger Hills area, it extends 
from David Island in the north to Jones Rocks in the west 
and Mount Borzov about 140 km to the south (Fig. 7). 
However, outcrops are generally small and isolated. As only 
a few of the southern outcrops were visited in 1986, much 
of the following account relies on descriptions given by 
Nockolds (1940) and Ravich et al. (1968). 

The predominantly granulite-facies metamorphic rocks ex
posed in this area are of somewhat different composition to 
those of the Bunger Hills, and there is only a relatively small 
proportion of clearly sedimentary origin. They are intruded 
by a wide variety of plutonic rocks, including a major batholith 
of syenitic to granitic composition at David Island. No un-
metamorphosed dolerite dykes have been found, but rare 
mafic dykes may be related to mafic plutonic rocks. The 
geology of the isolated Chugunov Island, about 60 km north
west of the Bunger Hills, is also described in this section, 
although it is situated on the eastern side of the Denman 
Glacier terminus. 

Metamorphic rock s 
Felsic orthogneis s 
Felsic orthogneiss (Epg) is the most abundant rock type at 
Jones Rocks, Cape Charcot, and Cape Gerlache, and also 
crops out at Hippo Island. It is commonly layered and ranges 
in composition from tonalite to granite. 

Tonalitic gneiss predominates at Capes Charcot and Ger
lache and contains orthopyroxene (5-7%), clinopyroxene (up 
to 7%), quartz (30-35%), oligoclase (50-60%) and minor 
primary reddish-brown biotite, greenish-brown hornblende, 
K-feldspar, opaque minerals, apatite and zircon. Orthopyroxene 
is partly altered to iddingsite or fine-grained biotite and 
amphibole. Nockolds (1940) reported more potassic orthopy-
roxene-bearing orthogneiss (with abundant orthoclase microp-
erthite) at Cape Charcot, Hippo Island and Avalanche Cliff, 
west of Jones Rocks. 

Strongly layered, fissile granitic orthogneiss, interlayered 
with impure quartzite at Jones Rocks, contains dark brown 
biotite crystals, which define a strong foliation. Much of the 
biotite, together with less abundant sieve-like aggregates of 
dark green hornblende (Fig. 132), appears to be secondary. 
Oligoclase, rnicrocline and quartz are the other major con
stituents. Similar, strongly foliated biotite-quartz-feldspar 
gneiss occurs in locally derived rubble at isolated Chugunov 
Island. Minor orthopyroxene-biotite-quartz-K-feldspar-andes-
ine gneiss is interlayered with garnet gneiss at Mount Borzov 
(Ravich et al. 1968). 

A clinopyroxene-orthopyroxene-quartz-plagioclase gneiss 
(Table 16) from Cape Charcot belongs to the Y-depleted 
orthogneiss suite of Sheraton & Black (1983), and has a very 
similar composition to tonalitic orthogneiss in the Obruchev 
Hills and much of the Bunger Hills. It has given an ion-mi-
croprobe U-Pb zircon age of 3003 ± 8 Ma and apparently 
underwent at least two periods of metamorphism, at 2889 ± 9 
and about 550-600 Ma (Black et al. 1992b). 

Mafic rock s 
Mafic granulite layers and boudins are interlayered with felsic 
gneiss at Jones Rocks, Cape Charcot and Hippo Island, and 
also occur at Chugunov Island. Greenish-brown hornblende 
and/or reddish-brown biotite are generally major constituents 
in addition to orthopyroxene, clinopyroxene and labradorite 
(Nockolds 1940). 

Amphibolite (grading into homblendite) boudins in felsic 

gneiss at Cape Gerlache contain dark green hornblende and 
lesser amounts of labradorite, clinopyroxene, brown biotite, 
magnetite and apatite (Ravich et al. 1968). Garnet amphibolite 
(with subordinate altered clinopyroxene and, possibly, or-

Table 16. Chemical analyses of felsic gneisses from 
Denman Glacier area. 
Sample no. 86285893 86286001 86285885 

Locality Cape Charcot Mount Strathcona Jones Rocks 

Lithology Cp-Op-Qz- Gt-Bi-Pl- Bi-Pl-Qz-
Pl gneiss Kf-Qz gneiss Kf gneiss 

Classif. Depleted tonalite  Paragneiss Paragneiss 

S i 0 2 69.00 72 .40 79 .20 
T i 0 2 0.30 0 .50 0.30 
A 1 2 0 3 14.04 12.28 10.91 
F e 2 0 3 1.01 0.67 0.13 
F e O 2.65 3.25 .52 
M n O 0.06 0 .18 0.01 
M g O 2.10 1.38 0.48 
C a O 4.10 1.11 0.91 
N a 2 0 4 .34 1.58 2.16 
K 2 0 1.02 5.19 4 .93 
p 2 o 5 0.05 0.06 0.02 
L O I - 0.70 0.31 
Rest 0.21 0.25 0.13 

Total 98 .88 99 .55 100.01 

C.I.RW. norms 

Q 27.33 36 .84 44 .99 
c - 2.19 0.41 
Or 6.03 30.67 29 .13 
A b 36 .72 13.37 18.28 
An 15.82 5.11 4.38 
Di 3.43 - -
Hy 7.19 8.36 1.56 
M t 1.46 0.97 0.19 
11 0.57 0.95 0.57 
A p 0.12 0.14 0.05 
m g 58.5 43.1 62.2 

Trace elements in parts per million 

B a 586 1191 577 
Li 5 - -
R b 10 194 158 
Sr 522 97 79 
Pb 17 32 18 
T h <1 21 4 
U <0.5 1.0 0.5 
Zr 175 229 145 
N b 2 9 6 
Y 8 41 4 
La 12 39 13 
C e 22 84 21 
N d 11 30 7 
Sc 12 16 5 
V 60 20 37 
Cr 78 14 11 
Ni 32 5 7 
Cu 9 5 2 
Z n 51 51 15 
Sn 4 3 1 
Ga 18 12 13 
S 100 100 <100 

K/Rb 847 222 259 
Rb/Sr 0 .019 2 .00 2 .00 
Ce /Y 2.8 2.1 5.3 
Th / U - 21 8 
N b / N b * 0.10 0.10 0.09 
Sr/Sr* 2 .46 0 .14 0.45 
rng = atomic 100Mg/(Mg+Fe 2 + ) . 
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thopyroxene) forms lenses and layers in granitic gneiss at 
Possession Rocks and Cape Harrison. 

Nockolds (1940) described chlorite-epidote-albite rocks 
(with minor quartz, biotite and sphene) from Hippo Island, 
but their relation to other rock types is unknown. Mafic 
xenoliths ('metadolerite') in quartz diorite and quartz mon
zodiorite at Mount Strathcona (Ravich et al. 1968) may be 
related to the mafic plutons (see below). Similar xenoliths 
occur in granite at Mount Barr-Smifh (Nockolds 1940). 

Ultramafic rock s 
Ultramafic subconcordant layers and boudins are widespread, 
but constitute only a minor component of the exposed rocks. 
Pods of orthopyroxene hornblendite at Jones Rocks contain 
subordinate clinopyroxene, reddish-brown biotite, and olivine 
(~5% of each). Phlogopite-olivine pyroxenite (websterite) and 
phlogopite lherzolite are interlayered with felsic gneiss at 
Cape Gerlache. They consist of pale reddish-brown phlogopite, 
olivine, clinopyroxene. orthopyroxene and minor pale brown 
hornblende and opaque minerals. Their texture is granoblastic 
polygonal. Hornblende pyroxenite and clinopyroxenite crop 
out at Hippo Island and Cape Charcot, respectively (Nockolds. 
1940). 

Garnet-quartz-feldspar gneis s 
Garnet-bearing gneiss (Esg  in part) is abundant only in the 
south of the area, notably at Mounts Borzov, Gist, and 
Strathcona. Garnet-biotite-quartz-feldspar gneiss of probable 
sedimentary origin, interlayered with impure quartzite on the 
southern side of Mount Strathcona (Table 16), contains various 
amounts of oligoclase-andesine and K-feldspar, as well as 
accessory opaque minerals, zircon, and monazite. Mounts 
Borzov and Gist were not visited in 1986, but according to 
Ravich et al. (1968) they are predominantly felsic gneiss with 
garnet (6%), biotite (11%), quartz (22%), and andesine (60%), 
minor magnetite, apatite and zircon, and secondary chlorite, 
sericite and carbonate. Gneiss at Mount Gist commonly has 
a cataclastic texture. 

Metasediments 
Rocks clearly of sedimentary origin (Esg  in part) are much 
less abundant than in the Bunger Hills. However, impure 
quartzite crops out at Jones Rocks, Mount Barr-Smith, and 
Mount Strathcona. At the last two places, assemblages include 

• garnet + biotite + plagioclase + quartz, 
• muscovite + biotite + plagioclase + quartz, 
• biotite + orthopyroxene + plagioclase + quartz, and 
• muscovite + biotite + garnet + sillimanite + quartz. 

The last was reported by Nockolds (1940). 
Aluminous metasediments interlayered with garnet gneiss 

at Mount Gist comprise sillimanite (3-10%), garnet (up to 
14%), biotite (10-12%), andesine (10-12%), K-feldspar ( 9 -
20%), quartz (50-55%) and minor opaque minerals (Ravich 
et al. 1968). Small diopside-rich calc-silicate pods occur at 
Jones Rocks. 

Igneous rock s 
Mafic t o felsi c plutoni c rock s 
Plutonic rocks form many of the outcrops west of the Denman 
Glacier. Like those in the Bunger Hills area, they have a 
wide range of composition — gabbro, diorite, quartz mon
zodiorite, tonalite, syenite, monzonite and granite. Some of 
the more felsic intrusions (e.g. granite at Cape Harrison, 
Possession Rocks and Mount Barr-Smith) are quite strongly 
deformed, but, since they apparently postdate the high-grade 
metamorphism, they are described in this section. 

Gabbro an d diorit e o f Cap e Kenned y an d 
Delay Point . Both Cape Kennedy and Delay Point are 
largely gabbro or diorite. Intrusives at Cape Kennedy 
(1Egh) contain clinopyroxene (~1%), reddish-brown biotite 
(3%), orthopyroxene (16-18%) and sodic labradorite (80%), 
minor greenish-brown hornblende, quartz, apatite and opaque 
minerals, and secondary carbonate (Fig. 87). Much of the 
biotite forms overgrowths that partly replace orthopyroxene, 
but otherwise the latter is fresh. According to Streckeisen 
(1976), the presence of abundant orthopyroxene and relatively 
calcic plagioclase (>An.w) means that these rocks should be 
classified as leuconorite. 

In contrast, intrusives at Delay Point (lEgd)  have slightly 
more sodic plagioclase (~An 4 8 ), abundant biotite and horn
blende, and only subordinate orthopyroxene (Fig. 88). Hence, 
they are termed diorite on the basis of the Streckeisen (1976) 
classification. The Delay Point diorite comprises reddish-brown 
biotite (8-9%), clinopyroxene (6-9%), brownish-green horn
blende (2-10%), slightly zoned calcic andesine (65-78%) 
and minor orthopyroxene, opaque minerals, apatite, zircon and 
allanite. Clinopyroxene is partly replaced by pale green am
phibole and orthopyroxene by iddingsite. Hornblende forms 
sieve-like aggregates or rims around clinopyroxene, also sug
gesting replacement of the latter, and allanite inclusions have 
pleochroic haloes. Texture is hypidiomorphic to allotriomor-
phic granular or intergranular. Myrmekitic intergrowths are 
common. 

A quartz diorite dyke at Delay Point is finer grained and 
slightly porphyritic, with zoned andesine antiperthite phe
nocrysts. It contains more quartz and opaque minerals, whereas 
clinopyroxene is absent, although hornblende forms poikilitic 

Figure 87. Leuconorite, showing orthopyroxexe with over
growths of biotite, and intergranular texture; Cape Kennedy. 
Sample 86286030; cross-polarised light in lower photo; width 
offield 11mm. 
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Figure 88. Biotite-hornblende quartz diorite, with pale green
ish-brown hornblende rimming clinopyroxene and forming 
sieve-like aggregates with quartz, also probably after clinopy
roxene; Delay Point. Sample 86285889; cross-polarised light 
in lower photo; width of field: 8mm. 

grains and aggregates. A petrographically similar, but partly 
recrystallised, rock (termed metadolerite) of unknown field 
relations from Hippo Island (Nockolds 1940) may belong to 
the same intrusive suite. 

Both the gabbro and diorite are marginally Si0 2-saturated 
(slightly 01 or Q-normative), although the former has higher 
mg (65-66) as well as higher S i 0 2 , and both are strongly 
Hy-normative, but relatively low in normative Di (Table 17, 
Figs 89, 90). In contrast to the Bunger Hills gabbroic rocks, 
an AFM plot suggests calc-alkaline, rather than tholeiitic, 
affinities (Fig. 91). The diorite is more strongly enriched in 
incompatible elements (particularly Ba, Sr, Zr, and LREE). 
but both intrusives were apparently derived from enriched 
mantle source regions. Both have a negative Nb anomaly, but 
the gabbro is unusual in having a marked positive Sr anomaly 
(Fig. 92) and is probably a plagioclase-rich cumulate. Hence, 
the gabbro and diorite apparently represent two genetically 
distinct magma types, neither of which is related to the Bunger 
Hills gabbroic rocks. 

Quartz gabbr o an d monzodiorit e o f Moun t 
Strathcona. Much of Mount Strathcona is quartz gabbro 
and quartz monzodiorite (JEgm).  Quartz gabbro from the 
large nunatak north of the summit resembles the Delay Point 
diorite, and consists of reddish-brown biotite ( 3 % ) g r e e n 
hornblende (20%), quartz (10%), sodic labradorite (65%), 
opaque minerals (2%) and minor apatite and zircon. Sieve-like 
aggregates of hornblende and quartz have probably replaced 
pyroxene. The texture is essentially allotriomorphic granular, 
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Figure 89. Normative Q-Ab-Or diagram for plutonic rocks 
from the Denman Glacier area, trachyte dykes, and rapakivi 
granites. Quartz-feldspar field boundaries after Tuttle & 
Bowen (1958). 

but the rock is slightly deformed, showing strained quartz 
and minor recrystallisation. 

According to Ravich et al. (1968), the eastern nunatak 
consists of clinopyroxene-biotite-orthopyroxene quartz mon
zodiorite, which contains lenticular xenoliths of metadolerite. 
The xenoliths consist mainly of clinopyroxene, orthopyroxene, 
biotite, and andesine-labradorite, but become more biotite and 
quartz-rich near their margins. Similar 'metadolerite' xenoliths 
in biotite granite at Mount Barr-Smith have relict igneous 
textures, but are largely recrystallised (Nockolds 1940). Most 
of the pyroxene is replaced by green hornblende, although 
some clinopyroxene and minor orthopyroxene survive. 

On the basis of a single analysis, the Mount Strathcona 
quartz gabbro is significantly more evolved than the Delay 
Point and Cape Kennedy intrusives, having low mg (35), Cr, 
and Ni, although, conversely, S i 0 2 is also lower (Table 17). 
In contrast to these other rocks, the AFM plot suggests a 
tholeiitic affinity (Fig. 91). Abundances of most incompatible 
elements (LILE, LREE and Zr) suggest derivation from a 
similarly enriched source to that of the Bunger Hills gabbroic 
rocks, but P, Ti and, particularly, Nb are considerably more 
enriched and there is no Nb anomaly (Fig. 92). 

Tonalite o f Moun t Astronomicheskay a an d 
Mount Gist . Mount Astronomicheskaya, Mount Garan and 
part of Mount Gist consist of coarsely porphyritic, foliated 
biotite tonalite (Egt).  It was not examined in 1986, but, 
according to Ravich et al. (1968), it comprises garnet (2%), 
orthopyroxene (3%), biotite (19%), quartz (35%), andesine 
(Atmo-45: 40%) and minor magnetite, zircon and apatite. 
Plagioclase phenocrysts up to 10cm long make up about 
15-20 per cent of the rock and their marked preferred ori
entation defines a foliation parallel to that of the enclosing 
paragneiss. Locally, up to 20 per cent orthoclase microperthite 
and 7 per cent garnet are present, and the tonalite grades 
into granodiorite or granite. 
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Table 17. Chemical analyses of plutonic rocks from Denman Glacier 
area. 
Sample 110.86286031 86285888 86285793 86286006 86286013 1172* 

Locality Cape 
Kennedy 

Delay 
Point 

Mount Cape 
Strathcona Harrison 

Possession 
Rocks 

Mount 
Gist 

Lithology Op leuco-
gabbro 

Hb-Cp-Bi 
diorite 

Bi-Hb 
quartz 
gabbro 

Gt-Pl-Qz-
Kf granite 
gneiss 

- Gt-Bi-Qz-
Pl-Kf gran-
ite gneiss 

Gt-Bi-PI-
Qz grano-
diorite gn 

SiOi 52.00 50.20 49.20 71.30 68.60 65.79 
TiOi 0.90 1.87 3.13 0.39 0.55 0.94 
AhCn 18.47 17.42 16.97 13.83 15.33 14.29 
FeiOi 1.39 2.64 2.99 0.49 0.63 1.46 
FeO 6.64 5.77 10.28 2.71 2.43 5.30 
MnO 0.12 0.12 0.21 0.08 0.03 0.26 
MgO 7.08 4.30 5.10 0.29 0.68 1.52 
CaO 7.72 8.68 8.76 2.15 2.40 3.48 
N a 2 0 3.32 3.41 2.79 2.55 2.87 2.31 
K z O 0.69 1.52 0.94 5.06 5.09 3.60 
P2O5 0.14 1.25 0.40 0.14 0.17 0.28 
LOI 1.57 2.31 1.29 0.26 0.58 0.79 
Rest 0.34 0.84 0.28 0.37 0.29 -

Tola] 100.38 100.33 100.34 99.62 99.65 100.19 

0=F.S 0.04 0.12 0.03 0.00 0.00 
Total 100.34 100.21 100.31 99.62 99.65 

C.I.P.W. norms 

Q - 2.09 3.94 30.60 25.34 26.42 
C - - - 0.58 1.14 0.94 
Or 4.08 8.98 5.55 29.90 30.08 21.27 
Ab 28.09 28.85 23.61 21.58 24.29 19.55 
An 33.46 27.74 31.00 9.75 10.80 15.43 
1). 3.19 5.80 8.26 - - -Hy 24.93 13.44 15.20 4.80 4.78 11.24 
01 0.66 - - - - -Mt 2.02 3.83 4.33 0.71 0.91 2.12 
11 1.71 3.55 5.94 0.74 1.04 1.78 
Ap 0.33 2.96 0.95 0.33 0.40 0.66 
mg 65.5 57.0 35.0 16.0 33.3 33.8 

Trace elements in parts per million 

Ba 1947 463 1300 1090 
Rb 10 41 15 158 211 
Sr 876 1580 385 163 Ids 
Pb 7 28 7 62 40 
Th 1 9 1 66 47 
I' 1.0 1.0 <0.5 1.0 1.5 
Zr 47 201 93 343 268 
Nh 4 18 15 17 13 
Y 8 35 21 102 30 
La 17 128 15 217 102 
Ce 32 266 33 407 253 
Nil 13 105 17 206 88 
Sc 19 24 36 16 8 
V 90 181 362 6 25 
Cr 145 39 5 <2 10 
Ni SO 32 8 <2 2 
Cu 18 25 19 4 7 
Zn 78 105 120 35 73 
Sn <1 <l <1 <1 <l 
Ga 19 22 22 20 22 
S 900 1100 ( , 0 0 <100 <100 
F - 1600 - - -
K/Rb 573 308 520 266 200 
Rb/Sr 0.011 0.026 0.039 0.97 1.26 
Ce/Y 4.0 7.6 1.6 4.0 8.4 
Th/U 1 9 >2 66 31 
K/Zr 122 63 84 122 158 
P/Zr 13 27 19 1.8 2.8 
Nb/Zr 0.09 0.09 0.19 0.050 0.049 
Nh/Nh 0.23 0.21 0.92 0.10 0.11 
Sr/Sr* 3.07 0.67 1.20 0.04 0.08 

mg = atomic IOOMg/(Mg+Fe 2 +). * From Ravich et al. (1968). 

There is a range of xenoliths, including garnet 
and sillimanite-bearing paragneiss (with fine-grained 
aggregates of spinel and corundum) like that of 
Mount Gist and Mount Borzov, as well as mafic 
granul i te (amphibole-clinopyroxene-biotite-or-
thopyroxene- plagioclase) and biotite-orthopy-
roxene-quartz-feldspar gneiss. 

South of Mount Astronomicheskaya (at Mount 
Garan?), the tonalite is interlayered with orthopy-
roxene-biotite-hornblende-plagioclase-quartz gneiss 
and biotite-diopside-plagioclase gneiss. Near con
tacts with the tonalite, the gneiss contains concordant 
veins of massive biotite leucotonalite. 

Samples analysed by Ravich et al. (1968) have 
granodioritic bulk compositions (Table 17) and are 
markedly C-normative, consistent with partial melt
ing of sedimentary precursors (i.e. S-type granitoids 
of Chappell & White 1974). 

Granite o f Cap e Harrison , Possessio n 
Rocks an d Moun t Barr-Smith . Cape Harri
son and Possession Rocks consist of massive foliated 
garnet-biotite granite (Egg)  with subconformable 
layers of garnet aplite. It comprises garnet (1-4%), 
quartz (30-35%), sodic andesine (15-25%), perthite 
(35^+5%) and minor opaque minerals, apatite and 
zircon. That at Cape Harrison also contains minor 
altered pyroxene and dark greenish-brown horn
blende, whereas several percent of dark reddish-
brown biotite is present in the Possession Rocks 
granite. Plagioclase is commonly sericitised and 
small amounts of secondary biotite, chlorite and 
iddingsite are present. There is a marked foliation, 
ranging from lenticular quartz aggregates (flaser 
structure) in the most deformed rocks to a weak 
preferred orientation of biotite in the least deformed. 

Similar strongly deformed granite (augen gneiss), 
interlayered with impure quartzite on the southeast
ern outcrop of Mount Barr-Smith, has been exten
sively recrystallised. It contains about 4 per cent 
of reddish-brown biotite, but only minor garnet 
(Fig. 131). Nockolds (1940) noted that biotite gran
ite around the summit area of Mount Barr-Smith 
contains mafic xenoliths (metadolerite) with relict 
igneous textures and reported quartz-tourmaline 
rocks on the southeastern spur. 

Granite samples from Cape Harrison and Pos
session Rocks are chemically similar, and have 
compositions not far removed from minimum melts 
(Table 17, Figs 89, 90). They are C-normative and, 
like the tonalite described above, may be S-type. 
Spidergrams are markedly irregular (Fig. 93) and 
typical of partial melts of felsic crustal rocks (Tarney 
et al. 1987; Sheraton & Black 1988), although Th/U 
is unusually high. 

Granite from Cape Harrison has given prelimi
nary U-Pb zircon ion microprobe ages of about 
1000 (presumably emplacement) and 500 Ma (L.P. 
Black, unpublished data). 

Syenitic rock s o f Davi d Island . All the out
crops examined on David Island are relatively coarse
grained, commonly porphyritic, intrusives (Gg), 
ranging in composition from syenite to quartz mon
zonite and granite. Although poorly exposed, the 
batholith therefore extends over at least 120 km 2 . 

Watson Bluff and nearby nunataks are syenite 
and quartz syenite, containing iron-rich orthopy
roxene (Ca 2 Mg| 5 Fe 8 3 : 1-2%), iron-rich augite 
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A n 

Figure 90. Normative Ab-Or-An diagram for plutonic rocks 
from the Denman Glacier area, trachyte dykes, and rapakivi 
granites. Plagioclase-alkali feldspar field boundary after 
James & Hamilton (1969). Symbols as in Figure 89. 

Tota l Fe O 

K 2 0 + N a 2 0 Mg O 

Figure 91. A-F-M diagram for plutonic rocks from the Den
man Glacier area, trachyte dykes, and rapakivi granites. 
Boundary between tholeiitic and calc-alkaline fields after 
Irvine & Baragar (1971). Symbols as in Figure 89. 
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Figure 92. Spidergrams for average mafic plutonic rocks 
from the Denman Glacier area. 
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Figure 93. Spidergrams for garnet-biotite granites from Cape 
Harrison (diamond symbols) and Possession Rocks. 

Figure 94. Exsolution of orthopyroxene from clinopyroxene 
and vice versa in orthopyroxene-clinopyroxene monzonite; 
Baldwin Rocks. Sample 86286015; cross-polarised light; 
width of field: 2.2mm. 

(Ca 4 ,Mgi 2 Fe 4 5 : up to 2%), dark greenish-brown hastingsitic 
hornblende (2-4%), quartz (4-12%), plagioclase (An 2 ( W ( 1 , 
with albite rims: 15-20%) and perthite (60-70%), and minor 
dark brown biotite, ilmenite, apatite, zircon, yellowish-brown 
metamict allanite and dark reddish-brown metamict chevkinite 
or perrierite. Accessory minerals are unusually abundant; 
metamict allanite is commonly intergrown with opaque min
erals, and chevkinite grains in hornblende have pleochroic 
haloes. The texture is allotriomorphic granular, medium to 
coarse grained (0.5-5 mm), and commonly porphyritic with 
coarsely perthitic orthoclase or microcline phenocrysts up to 
20 mm long. Locally, there has been considerable cataclastic 
deformation (Ravich et al. 1968). 

Monzonite, the predominant rock type at Baldwin Rocks, 
is petrographically similar to the syenite, except that orthopy
roxene and clinopyroxene ( 3 - 5 % each) and plagioclase 
( A n 2 ( W 0 : ~40%) are more abundant, whereas quartz (2-3%) 
and perthite (~45%) are less so. Up to two per cent of fayalite 
(Fo 6) is also present. As in the syenite, accessory minerals 
are unusually abundant, and include euhedral zircon and 
apatite grains up to 1mm long. Clinopyroxene and orthopy
roxene show exsolution textures, including both thin lamellae 
and coarser lamellae and blebs (Fig. 94). Some grains have 
compositions suggesting inversion of original iron-rich pigeon
ite (Ca 6 Mg, 6 Fe 7 s - C a n M g | 7 F e 7 2 ) (Table 18). Greenish-brown 
hornblende commonly rims pyroxene, which is slightly altered 
to pale green or colourless amphibole. 

Pink, porphyritic biotite-hornblende quartz monzonite 
(grading into quartz syenite and granite) crops out on the 
west side of David Island. Dark greenish-brown hornblende 
(2-8%) and dark brown biotite (3-5%) are the main mafic 
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Table 18. Representative analyses of minerals from David Island batholith. 
Baldwin Rocks  Watson  Bluff 
Monzonite 186286015)  Syenite  (86286024) 

Op Pig Cp Ol Bi Op Cp Hb* 

SiO: 4 8 . 1 " 48.65 50.07 30.35 34.09 47.29 49.24 40.08 
T iO: 0.10 0.12 0.15 0.02 4.66 0.12 0.14 2.05 
AhO., 0.00 0.40 0.73 0.00 13.29 0.25 0.67 9.62 
FeO* 44.74 41.09 23.63 66.14 30.54 44.60 25.56 28.59 
MnO 0.97 0.96 0.48 1.29 0.17 1.33 0.67 0.37 
MgO 5.73 5.35 4.96 2.28 3.58 4.52 3.99 2.92 
CaO 0.79 4.38 19.96 0.04 0.03 1.06 19.25 10.34 
N a 2 0 0.00 0.04 0.33 0.00 0.04 0.02 0.35 1.76 
K : 0 0.00 0.00 0.00 0.00 8.88 0.00 0.00 1.30 
Cr :Oi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1X1 
BaO - - - - 0.43 - - -
F - - - 0.00 - - -
CI - - - 0.01 - -
total 100.52 100.99 1110.31 100.12 95.72 99.19 99.87 97.03 

O 6 6 6 4 22 6 6 23 
Si 2.006 1.998 1.991 1.007 5.530 2.005 1.986 6.390 
Al ' v - 0.002 0.009 - 2.470 0.000 0.014 1.610 
Al v l 0.000 0.017 0.025 0.000 0.071 0.012 0.018 0.198 
Ti 0.003 0.004 0.004 0.000 0.568 0.004 0.004 0.246 
F e ' - - - - - - - 0.579 
Fe 2 1.557 1.412 0.786 1.835 4.143 1.581 0.862 3.233 
Mn 0.034 0.033 0.016 0.036 0.023 0.048 0.023 0.050 
Mg 0.356 0.328 0.294 0.113 0.866 0.286 0.240 0.694 
Ca 0.035 0.193 0.850 0.001 0.005 0.048 0.832 1.766 
Na 0.000 0.003 0.025 0.000 0.013 0.002 0.027 0.544 
K 0.000 0.000 0.000 0.000 1.837 0.000 0.000 0.264 
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O.(KK) 
Ba - - - - 0.027 - - -
F - - - - 0.000 - - -
Ci - - - - 0.003 - - -
Total 3.991 3.990 4.001 2.993 15.556 3.986 4.006 15.575 

mg 18.6 18.9 27.2 5.8 17.3 15.3 21.8 17.7 

+ Total Fe as FeO. mg = atomic 100Mg/(Mg+total Fe), or l00Mg/(Mg+Fe 2 *) for hornblende. 
* F e u in hornblende calculated assuming total cations (excluding Ca. Na. and K) = 13. 

minerals. There is only a little altered pyroxene, although 
aggregates of hornblende and quartz in some rocks suggest 
replacement of original pyroxene. The quartz monzonite also 
contains quartz (10-25%), plagioclase (sodic oligoclase with 
albite rims: 15-35%), microcline perthite (35-50%), and 
minor opaque minerals, apatite, zircon, allanite, sphene and 
chevkinite or perrierite. K-feldspar phenocrysts are up to 4 cm 
long. Plagioclase is commonly sericitised, biotite is locally 
altered to chlorite and there has been minor recrystallisation. 
Metamict allanite, chevkinite and opaque minerals occur in 
unusual zoned intergrowths (Fig. 95). Representative analyses 
of chevkinite/perrierite and allanite are given in Table 19. 
Chevkinite/perrierite has been found in several other Antarctic 
intrusive rocks, including granite (Sheraton & Black 1988) 
and pegmatite (Grew & Manton 1979). 

Equilibration temperatures of 825-840°C (Wells 1977) and 
790-800°C (Wood & Banno 1973) estimated for the David 
Island batholith are similar to those (~80O-830°C) derived 
from pigeonite compositions (Fig. 45) and comparable to 
estimates for intrusions in the Bunger Hills. Pressure estimates, 
although not very consistent, are all significantly lower than 
for the Bunger Hills (Table 6). The Johnson & Rutherford 
(1989) method gives 4 . 2 ^ . 5 kb (equivalent to about 15 km 
depth), about 1.5 kb lower than Schmidt (1992), whereas the 
Ellis (1980) geobarometer gives a negative pressure for one 
sample (86286015) and a relatively low pressure (1.5kb) for 
the other (86286024). Inverted pigeonites from monzonite 
86286015 plot very close to the boundary of the 'forbidden 
zone', in which pigeonite is replaced by augite + olivine + 
quartz (Lindsley 1983), at 5kb (Fig. 45), so that the higher 

pressures are probably more realistic. It is unlikely that fayalite 
crystallised at a significantly lower pressure than pigeonite 
(e.g. during emplacement), because both minerals appear to 
have crystallised at the same time. 

All the syenitic rocks are characterised by high ALO,, 
N a 2 0 , LILE, LREE and HFSE, but low FeO, MgO, CaO,Cr, 
Ni, V, Sc and mg  values (17-27) (Table 20). Normative Q, Hy 
and Di tend to be low, but PI and Or are high; trends on 
Q-Ab-Or and Ab-Or-An diagrams (Figs 89,90) are quite different 

Figure 95. Zoned intergrowths of metamict chevkinite or 
perrierite (Ch) and allanite (Al), with opaque inclusions, in 
hornblende-biotite quartz syenite; 5 km southwest of Baldwin 
Rocks. Sample 86286021; width of field: 3mm. 
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Table 19. Representative analyses of chevkinite/perrierite and 
allanite from David Island batholith. 

/ 2 3 4 5 6 
S i 0 2 20.45 19.87 20.34 19.86 30.84 31.11 
TiC>2 18.35 18.49 18.30 17.07 1.53 1.88 
A1 2 0 3 1.50 1.43 1.06 0.07 14.55 14.23 
FeO* 10.39 10.38 10.25 10.06 15.15 16.07 
MnO - 0.01 - 1.01 0.25 0.35 
MgO 0.18 0.44 0.44 0.49 0.41 0.38 
CaO 2.94 3.43 3.19 3.20 9.81 9.65 
UO2 0.10 0.04 0.28 - - -
T h 0 2 2.52 2.63 2.22 1.62 0.49 0.86 
L a 2 0 3 11.22 11.11 12.05 23.76 7.33 7.74 
C e 2 0 3 21.19 20.57 21.08 19.26 12.33 12.83 
PT203 2.46 1.59 1.88 2.46 1.15 1.24 
N d 2 0 3 5.72 5.95 6.42 2.32 3.13 2.88 
S m 2 0 3 0.98 0.16 1.71 - 0.27 -
E u 2 0 3 0.72 0.08 0.91 - 0.14 -
G d 2 0 3 - - - - 0.26 -
T b 2 0 3 - - - 0.16 - -E r 2 0 3 - - 0.61 - - -
Y b 2 0 3 - - 0.41 0.06 0.05 0.18 
Total 98.72 96.18 101.15 101.40 97.69 99.40 

Cations per 22 (chevkinite) or 25 (allanite) oxygens 

Si 4.182 4.126 4.131 4.118 6.050 6.035 
Ti 2.823 2.887 2.794 2.662 0.225 0.274 
Al 0.361 0.351 0.254 0.017 3.366 3.255 
Fe 1.777 1.803 1.741 1.744 2.486 2.608 
Mn - 0.001 - 0.177 0.041 0.057 
Mg 0.055 0.136 0.133 0.152 0.120 0.110 
Ca 0.644 0.764 0.694 0.711 2.062 2.006 
U 0.005 0.001 0.012 - - -
Th 0.117 0.125 0.103 0.076 0.022 0.038 
La 0.847 0.851 0.903 1.817 0.530 0.554 
Ce 1.586 1.563 1.567 1.463 0.885 0.912 
Pr 0.183 0.120 0.139 0.186 0.083 0.087 
Nd 0.418 0.442 0.466 0.172 0.219 0.199 
Sm 0.069 0.011 0.120 - 0.018 -
Eu 0.050 0.006 0.063 - 0.009 -
Gd - - - - 0.017 -
Tb - - - 0.011 - -Er - - 0.039 - - -Yb - - 0.026 0.004 0.004 0.010 
Total 13.117 13.187 13.185 13.310 16.137 16.145 

+ Total Fe as FeO. 

1-3. Chevkinite, syenite. Watson Bluff (86286024). 
4. Chevkinite. syenite pegmatite, Bjorkedalen, Norway 

(Segelstad & Larsen, 1978). 
5. Allanite. monzonite, Baldwin Rocks (86286015). 
6. Allanite, syenite, Watson Bluff (86286024). 

from those of the Bunger Hills plutonic rocks (Figs 48, 49). 
Most of these rocks have highly irregular spidergrams 

showing strong enrichment in most incompatible elements 
(Fig. 96) and reflecting their highly fractionated nature. Many 
of their chemical features (e.g. high Nb, Zr and LREE; low 
mg) are characteristic of post-orogenic or anorogenic (A-type) 
granitoids, which are generally considered to have been derived 
by partial melting of lower crustal rocks (Collins et al. 1982; 
Whalen et al. 1987; Sheraton & Black 1988; Rogers & 
Greenberg 1990; Skjerlie & Johnston 1993). Such rocks have 
been termed 'within-plate granites' by Pearce et al. (1984). 

Irregular spidergrams are typical of partial melts of pla-
gioclase-rich crustal rocks, rather than mafic or ultramafic 
(i.e. mantle) sources (Tarney et al. 1987). The strong enrichment 
in many HFSE is explicable in terms of high-temperature 
partial melting of virtually anhydrous granulite-facies crustal 
rocks. For example, Zr is relatively soluble in high-temperature 
melts (Watson & Harrison 1983), although the solubility of 
P is much higher in peraluminous than metaluminous melts 
(Bea et al. 1992). 

and 

High Th/U (7^14) is also consistent with melting of 
a granulite-facies source. However, there seems to be 
no compelling reason to assume a refractory residual 
source, as suggested for A-type granitoids by Collins et 
al. (1982), because even the highest grade metamorphic 
terranes do not have particularly refractory compositions 
(Sheraton & Black 1988). Creaser et al. (1991) argued 
that A-type magmas may have been derived by melting 
of tonalitic to granodioritic source rocks which had not 
undergone previous melt depletion. 

The strong depletion of Ba, Sr, P and Ti, relative to 
LREE and Zr, shown by the spidergrams suggests frac
tionation of feldspar (plagioclase and/or K-feldspar), 
apatite and a Ti oxide phase. Many of the chemical 
variations within the suite can be explained by fractiona
tion of pyroxene, feldspar and, possibly, hornblende, as 
well as minor phases, but different degrees of melting 
were probably also important (Sheraton et al. 1992). 

In contrast to most of the syenitic rocks, the two 
Baldwin Rocks monzonites have much less irregular 
spidergrams, which closely resemble, apart from higher 
Ba, those of the Bunger Hills quartz monzogabbro 
(Figs 52, 96). This suggests that they may have a similar 
origin, namely, direct partial melting (with subsequent 
fractionation) of an enriched mantle source. The possi
bility that the other syenitic rocks represent more strongly 
fractionated mantle, rather than crustal melts, therefore 
needs to be assessed. 

The two available Sr< ratios (0.7111 for a monzonite 
and 0.7122 for syenite: Table 21) are similar to those 
of the Bunger Hills gabbroic rocks and, like the very 
low e N d (-14.4 and -13.1 , respectively), might reflect 
derivation from a long-enriched mantle source. Many 
other alkaline (syenitic to granitic) plutonic complexes 
have chemical and isotopic characteristics that suggest 
fractionation of mafic magma with or without significant 
crustal contamination (see various papers in Fitton & 
Upton 1987; Zhao et al. 1995). Nevertheless, certain 
chemical features (higher A1 2 0 3 , Th, U and mg;  lower 
P 2 0 5 and P/Ce) mean that the more evolved syenitic 
rocks cannot have been derived by fractionation of a 
monzonitic parent magma. Hence, the possibility that 
they are genetically unrelated to the monzonites and 
were derived by melting of lower crustal rocks, as argued 
above, or at least include a major crustal component is 
quite feasible. 

Syenite at Watson Bluff has given a conventional 
U-Pb zircon age of 516+1.5 Ma (Black et al. 1992b) 
which is broadly comparable to K-Ar ages (460, 470, 

560 Ma) quoted by Ravich et al. (1968). 

Felsic dyke s an d mino r intrusion s 
Dykes and subconcordant layers of granite and pegmatite are 
widespread, but their age is unknown. White to pink, slightly 
foliated medium to coarse-grained granite crops out at Jones 
Rocks, and pink aplite veins at Delay Point and Cape Kennedy. 
Such intrusives typically contain dark brown or reddish-brown 
biotite (2-5%), oligoclase (15-25%), quartz (-35%), micro
cline perthite (40-45%) and minor opaque minerals, apatite, 
zircon and monazite. Even-grained biotite granite occurs in 
rubble at Chugunov Island. 

Trachyte dykes (syenite porphyry of Ravich et al. 1968) 
cut monzonite at Baldwin Rocks and consist of anorthoclase 
(~5%) and rare altered ferromagnesian phenocrysts (possibly 
pyroxene) in a trachytic groundmass of alkali feldspar, hema
tite, and minor carbonate and opaque minerals (Fig. 97). A 
few platy pseudomorphs may be after biotite. Little quartz 
was noted, but some cryptocrystalline material in the ground-
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Table 20. Chemical analyses of syenitic rocks from David Island batholith. 
Sample no. 86286015 86286020 86286021 86286024 86286023 86286016 

Locality Baldwin Rocks Baldwin Rocks  W Baldwin Rocks  W Watson Bluff Watson Bluff Baldwin Rocks 

Lithology Ol-Cp-Op Hb-Bi quartz Hb-Bi quartz. Op-Cp-Hb Op-Cp-Hb Trachyte 
monzonite monzonite syenite syenite quartz syenite dyke ' 

S i O : 54 .00 63 .80 62 .20 59.50 60 .90 65.20 
T i O : 1.66 0.93 0.78 0.77 0.63 0.22 
AI2O3 15.70 14.85 16.44 17.43 18.20 15.75 
F e : 0 , 2.20 1.37 1.76 1.50 1.33 3.16 
F e O 9.66 4.78 3.44 4 .76 3.38 1.73 
M n O 0.18 0.09 0.11 0.12 0.09 0.12 
M g O 1.25 0.92 0.73 0.56 0.49 0.21 
C a O 4.61 2.72 2.17 3.13 2.93 0.72 
N a : 0 3.62 3.52 3.92 4.22 4.37 4 .79 
K2O 4.52 5.16 6.75 5.80 6.06 5.34 
P2O5 0.77 0.32 0.16 0.19 0.14 0.02 
H2O* - - _ - - 1.24 
H2O - - - - - 0.41 
C O : - - - - - 1.39 
LOI 0.93 0 .90 0.88 0.65 0.61 -
Rest 0 .82 0.51 0.67 0.90 0.81 0.25 
Total 99 .92 99.87 100.01 99.53 99 .94 100.55 

0 = F , S 0.03 0.01 0.03 0.02 0.00 0.01 
Total 99 .89 99 .86 99 .98 99.51 99.94 100.54 

C.I.P.W. norms 

Q 0.92 14.84 7.08 3.42 4.07 14.91 
C - - - - - 0.83 
Or 26.71 30.49 39.89 34.27 35.81 31 .56 
All 30 .63 29.79 33.17 35.71 36.98 40 .53 
An 13.24 9.48 7.33 11.49 12.15 3.44 
Di 3.98 1.64 2.03 2.43 1.27 -
H> 14.57 7.73 4.57 6.59 4 .80 0.95 
Ml 3.19 1.99 2.55 2.17 1.93 4.58 
II 3.15 1.77 1.48 1.46 1.20 0.42 
A p 1.82 0.76 0.38 0.45 0.33 0.05 
mg 18.7 25.5 27.4 17.3 20.5 17.8 

Trace elements in parts per million 

Ba 4 5 3 0 1908 1611 3010 3400 290 
Rb 71 162 180 104 109 141 
Sr 607 309 289 516 568 52 
Pb 26 53 52 56 59 15 
Th 2.80 38.7 96 108 76 30 
U 0.77 4 .16 3.5 2.30 2.5 2.5 
Zr 601 806 1030 1082 969 541 
N b 34 51 30 48 38 132 
Y 45 56 34 52 38 4 3 
L.i 91.4 152 Mis 736 417 143 
Ce 184 291 894 1020 747 230 
N d 88.0 126 284 408 24') 83 
Sin 15.8 20.8 - 46.8 - -
In 7.66 3.86 - 5.76 - -Th 1.72 2.21 - 3.39 - -
Vh 3.28 4 .39 - 3.85 - -Lu 0.55 0.74 - 0.61 - -
Sc 26 13 L9 12 12 2 
V <2 32 7 6 5 <2 
Cr <: <2 <2 <2 <2 <2 
Ni <: <2 <2 <2 <2 <2 
Cu III 6 2 4 3 6 
Zn 137 110 70 121 89 75 
Sn <1 2 <1 <1 <1 -

Ga 25 25 19 25 24 20 
S 700 200 200 100 Mill 145 
F - - 400 300 - -K/Rb 528 264 311 463 462 314 
Rb/Sr 0.117 0.52 0.62 0.202 0.192 2.7 
Ce /Y 4.2 5.5 26 19 20 5.4 
Th/U 3.6 9.3 27 4^ 30 12 
K/Zr 62 53 54 45 52 82 
P/Zr 5.6 1.7 0.68 0.77 0.63 0.16 
Nb/Zr 0 .057 0 .063 0.029 0.044 0.039 0 24 
Nb /Nb* 0.33 0 .36 0.09 0.11 0.13 0.94 
Sr/Sr* 0.34 0.11 0.04 0.06 0.09 0.03 
mg = atomic 100Mg/(Mg+Fe-*). 
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Table 21. Sr and Nd isotopic data for rocks from Denman Glacier area. 

Sample Rock type Locality S7Sr/^Sr(T)* ' DM 

8 6 2 8 5 8 9 3 Tonalitic or thogneiss Cape Charcot 3730** -29.7 
86286001 Gt-Bi paragneiss Mount Strathcona 0 .82352 2280 -17.7 
8 6 2 8 5 8 9 0 Diorite dyke Delay Point 0 .71090 1750 -14.1 
86286006 Gt granite Cape Harr ison 0 .73040 1660 -8.1 
86286015 Monzoni te Baldwin Rocks 0 .71113 2010 14.4 
8 6 2 8 6 0 2 4 Syenite Watson Bluff 0 .71221 1600 -13 .9 

* Calculated at the emplacement age for the syenitic intrusives (515Ma). 

The following parameters were used for model age calculations: 
( l 4 7 S m / m N d ) D M = 0.225 (**0.2I4), ( l 4 , N d / l 4 4 N d > o M = 0.51317 

mass may be silica. Ravich et al. (1968) reported a K-Ar age 
of 330 Ma, possibly that of emplacement, for these dykes. 
Chemically, the trachytes bear some resemblance to the syenitic 
rocks, but are even more fractionated (lower TiO : , MgO, 
CaO, P , 0 , , Ba, Sr and Sc) and slightly C-normative (fable 20, 
Figs 89-91). Spidergrams are highly irregular, but differ from 
those of the syenitic rocks in showing marked Ba depletion, 
which suggests extensive fractionation of K-feldspar, and in 
having no Nb anomalies (Fig. 98). There are also significant 
differences from the Geologov Island trachyte (see above), 
which is Si0 2-undersaturated (Ne and Ol-normative) and 
shows extreme enrichment in most incompatible elements 
except Ba (Fig. 98). 

Mafic dyke s 
Mafic dykes are rare west of the Denman Glacier, but a few 
in the Delay Point-David Island area may be related to the 
gabbros and diorites of Cape Kennedy and Delay Point. One 
such dyke (quartz diorite) from Delay Point has already been 
described and a thin dyke (10 cm), petrographically similar, 
but finer grained and more melanocratic. intrudes quartz 
syenite at Baldwin Rocks on western David Island. It consists 
of clinopyroxene + minor orthopyroxene (5%), well-crystal
lised reddish-brown biotite (13%), poikilitic greenish-brown 
hornblende (25%), andesine (54%), opaque minerals (3%) 
and minor apatite, and contains a few strongly zoned plagio
clase phenocrysts. In contrast, a mafic dyke at Cape Kennedy 
has, like the country rocks, an almost anhydrous assemblage-
clinopyroxene (15%), orthopyroxene (15%), calcic andesine 
(62%), opaque minerals (7%) and minor apatite and reddish-
brown biotite. Its texture is granoblastic, but there are a few 
plagioclase phenocrysts and irregular mafic schlieren of cli
nopyroxene and subordinate orthopyroxene. 

Both these dykes were apparently emplaced at considerable 
depths in the crust, probably soon after the associated plutonic 
rocks. The Baldwin Rocks dyke appears to be alkaline (Table 22, 
Figs 99, 100), although this may reflect addition of alkalies 
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Figure 96. Spidergrams for average David Island plutonic 
rocks. 

during metamorphism (with crystallisation of hornblende and 
biotite), as most incompatible element contents (and mg*  value) 
are similar to those of the Hy-normative Cape Kennedy dyke. 

Two dykes, one metre thick, at Cape Charcot have allo-
triomorphic granular to granoblastic inequigranular fabrics, 
which possibly represent much-recrystallised relict igneous 
textures. They contain clinopyroxene (10%), orthopyroxene 
(10%), reddish-brown biotite (~14%), greenish-brown horn
blende (15-20%), calcic andesine (45-50%) and minor opaque 
minerals, apatite and carbonate. In terms of chemical com
position, they are slightly Ne-normative alkali basalts or 
gabbros. They are much less evolved (high mg*,  Cr and Ni) 
and have higher Ba and Sr than the dykes described above 
(Table 22, Figs 99, 100). However, like most mafic intrusions 
in the Denman Glacier area, they have negative Nb anomalies 
and unusually high Ba/Rb (Fig. 101), suggesting an origin 
from generally similar enriched mantle source regions. 

Figure 97. Trachyte dyke, with anorthoclase phenocrysts in a 
trachytic groundmass of alkali feldspar, hematite, and minor 
carbonate and opaque minerals; Baldwin Rocks. Sample 
86286016; width of field: 3.6mm. 
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Figure 98. Spidergrams for trachyte dykes from Geologov 
Island and Baldwin Rocks. 
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Table 22. Chemical analyses of mafic dykes from Denman Glacier area, and metabasalt from moraines. 
Sample na. 86286022 86286029 86285892 86286236 86286028 86286010 

Locality SW Baldwin Cape Kennedy Cape Charcot Moraine Moraine Moraine 
Rocks (5km S  of (Cape Jones) (Cape Jones  AO 

Dobrowol.) 

Lithology Px-Bi-Hb-PI Cp-Op-Pl Alkali Metabasalt Metabasalt Metabasalt 
granulite granulite gabbro 

SiCh 47 .40 49 .30 46.90 45 .70 48 .80 48 .70 
T i O : 2.83 2.50 1.70 3.44 2.42 2.13 
AI2O3 16.27 15.58 14.48 14.65 13.74 13.68 

F e 2 0 j 1.82 5.06 2.01 4 .39 5.05 5.64 

F e O 9.72 7.73 7.89 10.00 8.69 7.34 

M n O 0.15 0.18 0.16 0.22 0.21 0.19 

M g O 5.35 5.05 8.79 5.37 5.60 6.24 

C a O 7.91 8.02 8.88 7.81 6.27 9.72 

N a : 0 4.16 3.22 2.58 3.30 2.24 1.39 

K2O 1.47 0.90 2.31 1.16 3.92 0.74 

P : 0 5 1.08 0.74 0.61 0.68 0.24 0.19 

H 2 0 * - 1.08 2.55 2.30 2.88 
H2O - - 0.23 0.13 0.03 0.10 

C O : - - 1.23 0.22 0.15 0.65 

LOI 1.69 1.38 - - - -
Rest 0.42 0.54 0.90 0.31 0.40 0.31 

Total 100.27 100.20 99.75 99.93 100.06 99 .90 

o = s , c i 0.04 0.07 0.07 0.03 0.09 0.05 

Total 100.23 100.13 99.68 99 .90 99.97 99.85 

C.I.P.W. norms 

Q - 0.33 - - - 5.50 

Ox 8.69 5.32 13.65 6.85 23.16 4.37 

Ab 31.22 27 .25 18.95 27.92 18.95 11.76 

An 21.38 25.40 21.11 21.74 15.86 28 .90 

Nc 2.16 - 1.56 - - -

l)i 8.90 7.93 15.36 10.43 11.35 14.92 

H) - 22.32 - 4.91 7.06 22.65 

01 15.20 - 18.63 13.18 12.15 -
Ml 2.75 2.97 2.34 3.37 3.20 3.00 

11 5.37 4 .75 3.23 6.53 4.60 4 .04 

A p 2.56 1.75 1.44 1.61 0.57 0.45 

mg 49.7 46 .3 65.5 44.7 47.0 51.3 

Trace elements in parts per million 

Ba 963 1485 3320 538 269 128 

Rb 30 12 53 38 56 26 

Sr 605 816 1146 262 241 313 

Pb 14 14 43 8 6 9 

Th 5 3 12 3 3 1 

U 1.0 0.5 1.5 0.5 0.5 <0.5 

Zr 297 153 225 240 172 139 

Nb 24 21 24 10 12 9 

Y 37 36 31 46 39 31 

La 99 64 90 21 24 15 

Ce 150 123 170 55 52 34 

Nd 75 64 78 34 27 18 

Sc 27 20 24 30 39 42 

V L85 1711 216 260 336 350 

Cr 37 21 366 74 65 130 

Ni 53 38 155 54 20 36 

Cu 12 28 57 34 40 72 

Zn 125 127 84 123 114 107 

Ga 18 20 15 19 22 19 

As <0.S <0.5 <0.5 <0.5 2.5 <0.5 

S 800 1400 1140 700 1900 1100 

CI - 155 5 7 0 - - -
K/Rb 407 623 362 253 581 236 

Rb/Sr 0 .050 0.015 0.046 0.145 0 .232 0.083 

Ce/Y 4.1 3.4 5.5 1.2 1.3 1.1 

K7Zr 41 49 85 40 189 4 4 

P/Zr 16 21 12 12 6.1 6.0 

Nb/Zr 0.081 0.14 0.11 0.042 0.070 0.065 

Nb /Nb* 0.35 0.48 0.32 0.39 0.19 0.53 
Sr/Sr* 0.42 0.68 0.72 0.45 0.47 0.93 

mg = atomic l(K)Mg/(Mg+().85Fe(tolal)) 
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Figure 99. Alkalies-SiO, plot for mafic dykes from the Den
man Glacier area and metabasalts. Boundary between 
alkaline and subalkaline fields after Irvine & Baragar (1971). 
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Figure 101. Spidergram for average alkali gabbro dyke from 
Cape Charcot. 
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Figure 100. A-F-M diagram for mafic dykes from the Den
man Glacier area and metabasalts. Boundary between 
tholeiitic and calc-alkaline (plus alkaline) fields after Irvine 
& Baragar (1971). Symbols as in Figure 99. 
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Mount Amundse n an d Moun t Sando w 
These small and isolated nunataks, about 110 km south of 
the Bunger Hills, were only examined from the air in 1986, 
as strong winds prevented helicopter landings. However, the 
rocks have been described in detail by Ravich et al. (1968), 
who assigned them to the Sandow Group (NE-Gss).  Sandstone 
and metabasalt, presumed to be related, are quite abundant 
in moraines of the western Bunger Hills and, in particular. 
Cape Jones and the Obruchev Hills, although, apparently, not 
west of the Denman Glacier, which suggests a wide sub-glacial 
distribution to the south or southeast. 

Sandow Grou p 
Sediments 
Ravich et al. (1968) published detailed sections of both 
Mounts Amundsen and Sandow. At Mount Sandow (Fig. 102), 
the strongly folded 130 m section comprises weakly meta
morphosed pinkish or greenish-grey quartzitic sandstone, with 
subordinate interbedded conglomerate and reddish-brown silt-
stone and argillite, and a basal conglomerate, which uncon-
formably overlies metabasalt ('greenschist'). Mount Amundsen 
consists of 80 m of arkosic sandstone with interbedded con
glomerate, siltstone and argillite. Clastic material in the sand
stone comprises quartz, plagioclase, K-feldspar, quartz-sericite 
schist, sericite-chlorite schist and microgranite. Metamorphic 
effects are largely confined to recrystallisation of quartz and 
intense sericitisation and saussuritisation of feldspar. Sericite 
is common in the sandstone matrix, as well as in the argillites, 
and clastic grains of tourmaline and zircon are widespread. 
Ravich et al. (1968) suggested a predominantly granitic source 
for the 'coastal-continental' (predominantly fluviatile, partly 
aeolian) sediments. They quoted a (?K-Ar) age of 610 Ma 
for sericite schist, apparently supported by microfossil deter
minations. Circular trace fossils, up to 20 cm across, of 
unknown affinity were found in a sandstone boulder in moraine 
at Cape Jones (Fig. 103). 

Metabasalt 
Eight metres of deformed and strongly altered metabasalt, 
exposed at the base of the sequence at Mount Sandow (Ravich 
et al. 1968), consists of chlorite-epidote-actinolite schist, with 
cross-cutting quartz, quartz-epidote and chlorite veins. In 
contrast, samples collected from moraines at Cape Jones and 
in the Bunger Hills are medium-grained (0.2-5 mm) with 
relict subophitic to intergranular textures, and are best termed 
metagabbro (Figs 104, 105). All contain abundant (10-20%) 
clinopyroxene, partly replaced by colourless to pale green 
amphibole. epidote, chlorite. ?prehnite and serpentine. Such 
alteration is extremely patchy on a centimetre scale. Relict 
olivine is present in one sample. Plagioclase (andesine) is 
more or less altered to sericite, and one rock contains pla
gioclase phenocrysts. Opaque minerals (5-7%) are partly 
replaced by leucoxene, and pyrite is conspicuous in hand 
specimen. Apatite is an accessory phase. 

In spite of its alteration, many of the major primary 
chemical characteristics of the metabasalt are preserved. All 
samples are Hy-normative olivine or quartz tholeiite, although 
at least one (86286028) appears to have been strongly enriched 
in K : 0 (Table 22, Figs 99, 100). Spidergram patterns are 
fairly consistent from Nb to Y (Fig. 106). but the two more 
evolved (low mg*)  samples have negative Sr anomalies, 
probably resulting from plagioclase fractionation. LILE (espe
cially K) show much greater variation. 

Figure 102. Mount Sandow, showing folded quartzitic sand
stone, with interbedded conglomerate, siltstone, and argillite, 
unconformably overlying metabasalt. Height of nunatak 
about 150m. 

Figure 103. Possible trace fossil in pink sandstone boulder in 
moraine at Cape Jones. 

Figure 104. Metabasalt, showing sericitised plagioclase phe
nocrysts in an altered subophitic to intergranular 
groundmass containing relict clinopyroxene, pale green am
phibole, chlorite, epidote, altered plagioclase, and opaque 
minerals; moraine at Cape Jones. Sample 86286028; width of 
field: 6.5mm. 
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The metabasalt was apparently derived from an enriched 
mantle source similar to that of the Bunger Hills dolerites 
(groups 3 and 4), showing similar variations in P/Zr. but 
probably having slightly higher Ce/Zr (see above). 

• | _ 

Figure 105. Metabasalt, showing subophitic texture with 
partly altered clinopyroxene, secondary chlorite and amphi
bole, sericitised plagioclase, and opaque minerals (including 
ilmenite andpyrite); moraine in southern Bunger Hills. Sam
ple 86286236; width of field: 5.3mm. 
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Figure 106. Spidergrams for metabasalts from moraines in 
Bunger Hills area. 
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Structural Geolog y 

Bunger Hill s area 
The only detailed structural mapping in 1986 was carried out 
in the main Bunger Hills outcrops by geologists from the 
universities of Melbourne (Stiiwe & Wilson 1990) and Adelaide 
(Ding & James 1991). This section therefore relies to a large 
extent on the data and interpretations of these authors, sup
plemented by our own observations in nearby parts of the 
area. Because the structural histories postulated in the above 
two papers differ in a number of important respects, we have 
attempted to reconcile them as far as possible to produce a 
consistent, although tentative, sequence of structural events. 
Clearly, more detailed mapping will be required if a definitive 
structural history is to be obtained. 

The most fundamental disagreement is over the age of 
the major plutonic bodies relative to the deformation events, 
specifically the Paz Cove batholith and Algae Lake pluton. 
Stiiwe & Wilson (1990) described two major ductile defor
mations, followed by a late doming (i.e. post-plutonic), and 
proposed that the Paz Cove batholith is of syn-D, age and 
the Algae Lake pluton is post-D 2 . Ding & James (1991) 
postulated four fold phases and considered both bodies to be 
of pre or syn-D 4 age, their D, -D 4 being more or less equivalent 
to D 2 of Stiiwe & Wilson (1990). 

We believe that both Bunger Hills intrusions are the same 
age and were emplaced during the last major deformation 
(our D 3 ) . The two bodies have, within very narrow error 
limits, the same zircon U-Pb age (1170+3 Ma), whereas the 
metamorphic peak was significantly earlier (1190+15 Ma). 
As shown above, they are petrographically very similar. The 
only significant difference is that the Paz Cove batholith has 
a much stronger marginal foliation. However, we interpret 
this foliation to be of igneous origin, the rocks having a 
hypidiomorphic or allotriomorphic granular texture (Figs 40, 
41), which contrasts with the granoblastic texture of the 
country rocks. The parallelism of the foliation in the plutons 
with the contacts would be a consequence of syn-deformational 
emplacement. In contrast to Stiiwe and Wilson (1990), we 
have obtained virtually identical P-T estimates for the two 
bodies, using various methods (Table 6), and they are geo-
chemically and isotopically indistinguishable. 

Di deformatio n 
The earliest recognisable deformation (D,) produced the domi
nant foliation (S,) and associated structures during granulite-
facies metamorphism (M,). Stiiwe & Wilson (1990) inferred 
that it was an intense flattening event, which resulted in high, 
but varied, degrees of boudinage of mafic and ultramafic 
layers (Fig. 107), and which they therefore attributed to crustal 
extension. 

S, is generally parallel to the compositional layering, 
except at F, fold hinges, and is defined by discontinuous 
layers and lenses of mafic minerals and lensoid aggregates 
of quartz and feldspar. Textures are granoblastic interlobate 
in felsic gneisses, but polygonal in mafic and ultramafic rocks. 
In metasedimentary rocks the compositional layering presum
ably represents transposed sedimentary bedding, whereas in 
more massive orthogneiss units such layering may partly 
reflect the presence of a variety of now-deformed xenoliths. 
However, the well-defined compositional layering in F, fold 
hinges may well be a metamorphic feature (S 0), reflecting 
earlier tectonothermal activity. 

F, folds are commonly mesoscopic intrafolial isoclines 
and are most common in more strongly layered gneiss 
(Fig. 108). Associated lineations (L,) are defined either by 

Figure 107. Mafic granulite boudins in felsic gneiss; north
east of Edgeworth David Base. (University of Melbourne 
photograph.) 

Figure 108. Fl folds in interlayered garnet-cordierite parag
neiss and pyroxene gneiss, with garnet developed along the 
layer boundaries; southeastern Bunger Hills. (University of 
Melbourne photograph.) 

the intersection of S„ with S, or by a preferential alignment 
of acicular minerals (e.g. sillimanite), mineral aggregates, or 
small partial-melt bodies. 

D2 deformatio n 
The predominant mesoscopic structures in the Bunger 

Hills area are open to tight or isoclinal, commonly asymmetric 
folds (F : ), which probably formed during a major shortening 
event (Stiiwe & Wilson 1990) under granulite-facies conditions 
(M 2 ). The small separations of D : boudins (Fig. 109) and 
minor flattening component suggest a much smaller finite 
strain than during D,. 

F , fold hinges (Figs 110, 111) have highly variable ori
entations, owing to the effects of D,; they commonly plunge 
west-southwest or east in the southern Bunger Hills, but more 
north or south near the Paz Cove batholith. The D 2 axial 
planar foliation (S 2) and lineation (L 2) are only weakly de
veloped. FT folds are commonly nearly coplanar (but not 
coaxial) with F, folds (Fig. 112) and, according to Stiiwe & 
Wilson (1990), interference patterns are mostly types 2 or 3 
of Ramsay & Huber (1987) (Figs 113, 114). 

Interference structures are well displayed on central Thomas 
Island, where F, isoclines are refolded by open to tight F 2 folds. 
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Figure 111. Disharmonic F, folds in hinge of major F2fold; near Edgeworth David Base. (University of Melbourne 
photograph.) 

Both these fold phases have steeply plunging axes and steeply 
dipping axial planes where affected by east-west-trending 
major folds (F 3). Ding & James (1991) described two major 
F : folds in the southwestern and southeastern Bunger Hills, 
the former being associated with many tight recumbent parasitic 
folds. 

D3 deformatio n 
The regional strike in most of the Bunger Hills area is the 
result of a third major ductile deformation (DO, still under 
granulite-facies conditions (M,), which is thought to have 
been accompanied by emplacement of the Algae Lake and 
Paz Cove intrusions. F 3 folds are major upright structures, 
commonly asymmetric with shallow east or west-plunging 
axes (Figs 115-117). They clearly refold F, and F : structures 
on Thomas Island and elsewhere (Fig. 118). Two tight, upright, 
east-west-trending folds in the southwestern and southeastern 
Bunger Hills, attributed by Ding & James (1991) to F,, have 
axes plunging at low angles (0-30°) to the west-southwest. 
Other major folds next to the Paz Cove batholith trend 

north-south to north-northwest-south-southeast, but may also 
have been formed during D v Their axial planes dip at 40-80° 
to the west or west-southwest and axes plunge at 30-80° to 
the west-northwest. 

This varied orientation of F 3 folds is interpreted as due 
to deformation having been contemporaneous with emplace
ment of the two major Bunger Hills plutons. which would 
explain the presence of an igneous, rather than a metamorphic, 
foliation in these bodies. It is only near the Paz Cove batholith, 
which has the stronger marginal foliation, that the major F 3 

folds have a roughly north-south trend. Elsewhere the dominant 
strike is west-southwest. Thus, D 4 of Ding & James (1991) 
does not appear to have been a regionally extensive defor
mation. 

Plots of foliation orientation for other parts of the Bunger 
Hills area (including the Obruchev Hills) tend to define girdles 
consistent with regional folding about west-southwest-trending 
axes, suggesting that north-northwest-south-southeast com
pression was the main factor determining the regional strike 
(Fig. 119). Stiiwe & Wilson (1990) also attributed the varied 
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orientation of F , (their F : ) folds to the effects of the Paz 
Cove batholith. although they considered this body to have 
been emplaced during D,. In contrast. Ding & James (1991) 
interpreted the north-south folds as a separate generation 
(F 4), on the basis of superimposed folding relationships with 
the west-southwest-trending F, folds. However, such relation
ships could be explained if the plutonic bodies were emplaced 
late in D 3 , after the west-southwest-trending F, folds had 
started to form, so that D, and D 4 of Ding & James (1991) 
could represent two phases of a single progressive deformation 
(i.e. were essentially contemporaneous). 

Figure 112. Coaxial F , (below hammer) and F2folds; east of 
Paz Cove. (University of Melbourne photograph.) 

Figure 113. F , isocline folded by F2fold in interlayered mafic 
granulite and felsic orthogneiss; near Edgeworth David Base. 
(University of Melbourne photograph.) 

Figure 115. Minor F3 folds; northeastern Bunger Hills. (Uni
versity of Melbourne photograph.) 

Figure 116. Asymmetric F}fold; near Edgeworth David Base. 
(University of Melbourne photograph.) 

Figure 114. Probable F,/F2 interference pattern; south of Figure 117. Asymmetric F}fold; near Edgeworth David Base. 
Algae Lake. (University of Melbourne photograph.) (University of Melbourne photograph.) 
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Much of the Booth Peninsula batholith (the unfoliated 
quartz monzodioritic and probably the granitic rocks) is about 
20 Ma younger than the Bunger Hills plutons and clearly 
cuts D 3 structures (e.g. at eastern Thomas Island). Metamor
phosed dykes that cut this body include probable syn-plutonic 
dykes, which have some chemical features (e.g. high Nb) in 
common with the quartz monzodioritic rocks. Undeformed 
amphibolite dykes described by Stiiwe & Wilson (1990) from 
the Bunger Hills possibly belong to this suite. Group 1 
dolerites might also be of similar age. However, subconcordant, 

Figure 118. Tight F2folds on steep limb of major Fyfold; near 
Edgeworth David Base. Height of cliff: about 30m. (Univer
sity of Melbourne photograph.) 
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folded and metamorphosed mafic dykes that cut the country 
rocks are presumably pre-D, (and possibly pre-D 2). 

Ding & James (1991) inferred a major post-D,, pre-D 4 

(their terminology) west-southwest-east-northeast-trending 
thrust in the southeastern Bunger Hills, which was taken to 
imply compression directed north-northwest. This is similar 
to the orientation of the stress field during our D 3 , so the 
thrusting may have occurred as part of this event. However, 
the existence of this thrust was disputed by Stiiwe & Wilson 
(1990), as the field evidence is equivocal and rapid uplift 
and subsequent reburial of the terrane would be implied. They 
postulated a post-D, (our terminology) regional asymmetric 
doming event, which was not recognised by Ding & James 
(1991). Clearly, more work is required to resolve this. 

D4 deformatio n 
The major ductile deformations described above were followed 
by a complex sequence of more localised brittle-ductile and 
brittle deformation (summarised as D 4 ) . Several generations 
of retrograde shear zones, mylonites, and faults are present 
(Figs 120, 121). Stiiwe & Wilson (1990) identified two major 
sets of steeply dipping shear zones, which trend 110° and 
160° and are up to 15 km long and 50 m wide (but mostly 
1-10 m). Both sets have dextral displacements and, therefore, 
do not form a conjugate set. Mylonitic fabrics were developed, 
commonly with mortar structures, and there is a strong pene
trative foliation (Fig. 122). Extensive recrystallisation resulted 
in fine-grained polygonal aggregates. Garnet porphyroclasts 
were rounded and rotated, or fragmented (Fig. 123). Retro
grade assemblages contain bluish-green hornblende, biotite, 
and chlorite, but in some places pyroxene is only slightly 
altered (Fig. 124). Earlier shear zones have a steeply plunging 
lineation, but late ultramylonites have a shallow lineation 
associated with the observed dextral displacement. 

Tight minor folds with a strong axial planar foliation, 
defined by biotite, and lineation occur in shear zones in the 
southern Liberty Islands (4 km north of eastern Thomas 
Island). Felsic layers in gneiss near the shear zones were 
bleached during the associated retrogression (Fig. 120). 

Many shear zones appear to be roughly contemporaneous 
with the intrusion of dolerite dykes at about 1140 Ma, and 
so cannot be much younger than the major ductile folding 
events and plutonic activity already described. However, age 
relationships between shear zones, pegmatites, and dolerite 
dykes are complex (Fig. 125). In the southeastern Highjump 
Archipelago, two sets of mylonites are cut by pink pegmatite 
veins that predate the dolerites. In contrast, mylonite zones 
at Mars Island are clearly younger than garnet + biotite-bearing 
pegmatites. Both mylonites and pegmatites are older than 
dolerite dykes at eastern Thomas Island, whereas other mylonite 

Figure 119. Stereographic plots of poles to foliations meas
ured in four subareas (A to D) of the Obruchev Hills-Bunger 
Hills area. 

Figure 120. North-south trending retrograde shear zone in 
garnet paragneiss and mafic granulite; southern Liberty Is
lands. Note bleaching of felsic layers. 
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zones are clearly younger than the dykes, some of which 
have sheared margins. Deformation of metamorphosed mafic 
dykes in the northeastern Highjump Archipelago was associated 
with garnet formation. 

Evidence for the contemporaneity of dyke emplacement 
and shear zone formation comes from the southern Liberty 
Islands, where a group 3E dolerite is cut by a shear zone, 
which is cut, in turn, by a second group 3E dyke. The two 
dykes are chemically identical and almost certainly belong 
to the same intrusive episode. 

Figure 121. Ultramylonite zone cutting Paz Cove batholith. 
Note pegmatitic segregations in latter. (University of Mel
bourne photograph.) 

Figure 122. Hinge of isoclinal fold in shear zone of Figure 
120, showing strong axial planar foliation (vertical in photo) 
defined by biotite grains. 

Figure 123. Gneiss from northeast-trending mylonite zone, 
showing porphyroclasts of plagioclase, garnet, and minor 
orthopyroxene in a very fine-grained biotite-rich matrix; Cur
rituck Island. Sample 86285609; width offield: 6.5mm. 

Pseudotachylite veins are commonly associated with the 
shear zones, and are interpreted as the result of reactivation 
under brittle, as opposed to brittle-ductile, conditions. The 
range of deformation structures in the shear zones (mylonite, 
ultramylonite, and pseudotachylite) and the presence of brittle 
faults suggest a change from plastic to brittle conditions 
during uplift. However, although some pseudotachylites clearly 
cut older shear zones (StUwe & Wilson 1990), others appear 
to have been redeformed by ductile processes. A possible 
explanation of this is that during deformation the plastic strain 

Figure 124. Thin ultramylonite zones cutting orthopyroxene 
granite of the Booth Peninsula batholith; 7 km east of Miles 
Island. Note little-altered orthopyroxene, and crushed and 
strained feldspar and quartz. Sample 86286277; cross polar
ised light in lower photo; width of field: 7mm. 

Figure 125. Pegmatite cutting ultramylonite zones; Bunger 
Hills. (University of Melbourne photograph.) 
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rate was not high enough to compensate for the applied stress, 
which therefore led to failure and pseudotachylite generation. 
The consequent stress drop could then have resulted in a 
return to plastic deformation (P. Marsh. University of Mel
bourne, personal communication 1989). 

Denman Glacie r are a 
and Mount s Amundse n 
and Sando w 
There was no opportunity for detailed structural observations 
in this area in 1986, as only a few hours were available for 
examining all the outcrops. The regional strike is roughly 
west-southwest, similar to that in the Bunger Hills. 

Many outcrops west of the Denman Glacier have a par
ticularly strong foliation. For example, garnet-biotite granite 
at Cape Harrison and Possession Rocks locally has a flaser 
structure. Similar granite interlayered with quartzite at Mount 
Barr-Smith has been deformed to an augen gneiss (Fig. 131). 
Garnet-quartz-feldspar gneiss at Mount Gist commonly has 
a cataclastic texture (Ravich et al. 1968). Metasediments at 
Jones Rocks have a strong lineation, defined by quartz rods, 
plunging south about 10°. 

Rocks of the Sandow Group have variable orientations. 
Those at Mount Sandow dip east at 2 5 ^ 0 ° , whereas the dip 
at Mount Amundsen is 15-25° to the south-southeast (Ravich 
et al. 1968). From the air, the sediments at Mount Sandow 
appear to have been affected by open folds with shallow 
plunges. 
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Metamorphism 

Bunger Hill s are a 
Peak metamorphis m 
The metamorphic grade in most of the Bunger Hills area is 
intermediate-pressure granulite facies (Green & Ringwood 
1967). Orthopyroxene is common in felsic rocks and orthopy
roxene + clinopyroxene in mafic rocks throughout the area. 

The usual assemblage in aluminous metasediments is 
• garnet + sillimanite + cordierite ± biotite (+ K-feldspar 

+ plagioclase + quartz + Fe-Ti oxide). 
Well-crystallised primary biotite is common, but many rocks 
contain secondary biotite, in some cases rimming garnet. In 
many metapelites there is evidence for original coexisting 
spinel and quartz, although most of the spinel is now enclosed 
by grains of garnet, cordierite or sillimanite, which apparently 
represent reaction coronas (Stiiwe & Powell 1989a). The 
assemblage 

• garnet + cordierite + orthopyroxene ± biotite 
is rare, and mostly occurs in migmatitic metapelites close to 
the Booth Peninsula batholith. Hence, the assemblage on the 
left of the reaction 

• garnet + biotite + quartz —> cordierite + orthopyroxene 
+ K-feldspar + H 2 0 

(Winkler 1974) appears to have been stable in most of the 
Bunger Hills area (Fig. 34). Nevertheless, Clarke et al. (1989) 
pointed out that all these phases (together with spinel, rutile 
and ilmenite) may coexist because T i 0 2 and F e 2 0 3 are normally 
present in addition to the components of the KFMASH 
(K 2 0-FeO-MgO-Al ,0 3 -S i0 2 -H 2 0) system. The assemblage 
corundum + magnetite + spinel may have been formed by 
an oxidation reaction 

• spinel 1 + oxygen —> spinel 2 + magnetite + corundum 
during cooling (Ellis et al. 1980). Unlike in the Napier 
Complex (Sheraton et al. 1987c), none of the higher pressure 
and/or temperature associations — sillimanite + orthopy
roxene, sapphirine + quartz, and osumilite (Hensen & Green 
1973; Newton et al. 1974; Ellis et al. 1980) —has been found. 

The high pressure assemblage 
• garnet + orthopyroxene + clinopyroxene + plagioclase 

is rare, but occurrences in subconcordant metamorphosed 
mafic dykes in the northeastern Highjump Archipelago suggest 
a reaction, apparently during deformation, such as 

• orthopyroxene + anorthite —> clinopyroxene + garnet 
+ quartz. 

Its presence in an olivine tholeiite (86285984: Table 10) is 
consistent with the observations of Green & Ringwood (1967, 
1972) that garnet forms at pressures as low as 7-8 kb at 
900°C in SiO :-undersaturated (Ol-normative) compositions. 
A garnet-orthopyroxene-quartz-feldspar gneiss (86285979) 
from the same area contains two generations of garnet, one 
partly replacing orthopyroxene (Fig. 126), suggesting reac
tions such as 

• orthopyroxene + anorthite —> garnet + quartz, or 
• aluminous orthopyroxene —> garnet + orthopyroxene 

(Green & Ringwood 1967). Such reaction coronas are con
sistent with near-isobaric cooling after the peak of metamor
phism, as was the case in the Napier Complex (Ellis 1980; 
Harley 1985). 

Similar high-pressure associations and coronas are rare in 
most of the Bunger Hills area, although garnet coronas surround 
orthopyroxene in the Paz Cove granite (Fig. 54) and garnet-
bearing reaction zones occur locally around boudinaged mafic 
granulite layers (Stiiwe & Powell 1989a). In contrast, sym-
plectites of orthopyroxene + cordierite + plagioclase around 
garnet (Fig. 127) in a metapelite (86286263) from north of 

Raketa Island suggest a decompression reaction: 

Figure 126. Garnet partly replacing orthopyroxene, which is 
slightly altered, in garnet-orthopyroxene-quartz-feldspar 
gneiss, consistent with near-isobaric cooling; northeastern 
Highjump Archipelago. Sample 86285979; width of field: 
5.2mm. 

Figure 127. Symplectite of orthopyroxene+cordierite+plagio-
clase partly replacing garnet in orthopyroxene-
biotite-garnet-plagioclase gneiss, suggesting decompression; 
2km north of Raketa Island. Sample 86286263; cross-polar
ised light in lower photo; width offield: 2.0mm. 
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Pressure and temperature estimates for rocks from the 
Bunger Hills area are summarised in Table 23. The Wood & 
Banno (1973) two-pyroxene geothermometer is thought to 
overestimate temperatures for crustal granulites by about 
50°C, and that of Wells (1977) possibly even more (Harley 
1983), so that equilibration temperatures of about 800°C are 
probably more realistic. They would also be more consistent 

Mafic granulite s Felsi c gneisse s 
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Figure 128. Pyroxene compositions for two pyroxene-bearing 
metamorphic rocks from the Bunger Hills area and Cape 
Charcot (Denman Glacier area), plotted on the graphical 
geothermometer of Lindsley (1983) for a pressure of 5kb. 

with those obtained using the graphical pyroxene geother
mometer of Lindsley (1983) (~800°C, Fig. 128), the Al i v-in-
amphibole geothermometer of Blundy & Holland (1990) 
(~760°C), and the rather variable results of the garnet + 
orthopyroxene geothermometer of Harley (1984a) (700-
800°C). Hence, the best estimate of peak metamorphic tem
peratures (during M,) in the Bunger Hills is about 750-800°C. 
Temperatures in the northeastern Highjump Archipelago were 
apparently slightly lower (~700-750°C), although the data 
are not very consistent. The low temperature (627°C) obtained 
for granulite 86285984 using the Harley (1984a) method may 
be due to the garnet being of secondary origin, produced 
during cooling. 

Pressure estimates from the garnet + orthopyroxene geo-
barometers of Harley & Green (1982) and Harley (1984b) 
range from 2 kb to 6 kb, probably because rocks with high 
Kd<£°£% (e.g. 86285821, for which Kd = 2.9) give results 
which can be several kilobars too low (Harley 1984b). The 
higher pressures (~5 kb), obtained from rocks with low Kd 
values, are, therefore, probably the better estimates and are 
more consistent with pressures (mostly 5-6 kb) obtained using 
the Newton & Perkins (1982) orthopyroxene 4- garnet + 
plagioclase geobarometer. They are similar to the 4.7-5.2 kb 
(at 650-700°C) obtained using the method of Powell & 
Holland (1988), but slightly lower than the 6-7 kb quoted 
by Stiiwe & Powell (1989a). 

Hence, on the available data, the best P-T estimate for 
the Bunger Hills metamorphism is about 75O-800°C and 

Figure 129. P-T diagram showing estimated peak conditions of metamorphism in the Bunger Hills and northeast Highjump 
Archipelago, and at Cape Charcot (Denman Glacier area), based on methods given in Table 23. Dry granite solidus after Huang 
& Wyllie (1975); estimated granite solidus for P m o = 0.5PtoUI based on Cann (1970) and Huang & Wyllie (1975); appearance 
of garnet in mafic rocks of olivine tholeiite and quartz tholeiite compositions after Green & Ringwood (1967, 1972); 
kyanite-sillimanite boundary after Holdaway (1971); stability field of hercynite-rich spinels-quartz after Shutters & Bohlen 
(1989). Arrow indicates a possible near-isobaric cooling path for the northeastern Highjump Archipelago area. Aim, almand-
ine; Here, hercynite. 
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5-6 kb. Pressures in the northeastern Highjump Archipelago 
area were significantly higher at about 8 kb, assuming a 
temperature of 750°C (Table 23, Fig. 129), which is consistent 
with the stability of garnet in mafic granulites (Green & 
Ringwood 1967, 1972). 

Stiiwe & Powell (1989a) interpreted their P-T estimates 
(6-7 kb, 750°C) as reflecting a 'post-peak' event (M,). equiva
lent in age to the Algae Lake pluton. They considered the 
presence of apparently relict spinel in metapelitic rocks to 
indicate the originally more widespread occurrence of the 
association spinel + quartz, which formed during an earlier 
'peak' event (M,) at about 4 kb and 800°C, and which was 
largely destroyed during subsequent compression in the reaction. 

• spinel + quartz —> garnet + cordierite + sillimanite. 
This interpretation may not necessarily be correct, because 

some metapelites contain spinel either in contact with quartz 
or separated from it by only a very thin rim of cordierite 
(Figs 27, 29), and virtually all metapelites contain accessory 
amounts of spinel (< 1%). Such a widespread, but volumet-
rically minor, occurrence of spinel is difficult to reconcile 
with partial overprinting by higher pressure assemblages, 
which would be expected to result in much more variable 
modal spinel than is actually observed. In particular, spinel 
is just as abundant in migmatitic metapelites near the plutons, 
which, if the migmatisation was coeval with the plutonism, 
must have formed at pressures of at least 5 kb. Moreover, 
cordierite + sillimanite + garnet-bearing metapelites in the 
Windmill Islands, which equilibrated at about 760°C and 
5.5-6.5 kb, also contain spinel (Blight & Oliver 1982). It 
therefore seems more likely that spinel was stable during the 
peak metamorphism. 

The stability field of hercynite-rich spinel + quartz possibly 
extends to higher pressures than are indicated by experimental 
data ( - 3-4 kb at 800°C: Shulters & Bohlen 1989) if minor 
components such as Zn (i.e. gahnite) are present or oxygen 
fugacity is high (Hensen & Green 1971). The experimental 
data of Bertrand et al. (1991) show that spinel + quartz is 
stable at pressures as high as 9-10 kb at temperatures of 
1000°C. Whether or not spinel formed during the lower 
pressure stage of a compressional event, we think the pre
dominant assemblages (in mafic rocks and felsic orthogneiss, 
as well as metapelites) that produced the above P-T estimates 
were essentially formed about 20 Ma before emplacement of 
the plutonic rocks, during an event we term M,. Nevertheless, 
at least some of the significant variations in the P-T estimates 
(Table 23) are probably due to partial re-equilibration between 
M|-D, and M , - D v 

Estimated equilibration temperatures of the plutonic rocks 
(Table 6), emplaced during M,-D 3 , are very similar to those 
of the country rocks. The compositions of original pigeonite 
in some plutonic rocks are consistent with temperatures of 
800-850°C (Fig. 45), rather than the considerably higher 
940-1000°C postulated by StUwe & Powell (1989a). The 
amphibole geothermometer of Blundy & Holland (1990) gives 
temperatures very similar to those obtained from pyroxene 
compositions. Pressures (~5-6 kb) are also very similar to 
those obtained for the country rocks, suggesting that there 
was no major uplift before emplacement of the plutonic rocks. 
Nevertheless, P-T estimates for core-rim pairs in the country 
rocks (Table 23) suggest a decrease in both temperature and 
pressure. The presence of retrograde shear zones of similar, 
or in some cases older, age to the 1140 Ma dolerite dykes 

Table 23. Pressure-temperature estimates for Bunger Hills metamorphic rocks and dolerite dykes, and felsic gneiss from 
Cape Charcot (Denman Glacier area). 
Sample Rock type Locality 2 3 4 5 6 7 8 9 10 

°c kb 

86285979 Gt -Op-Qz-Kf -PI gneiss NE Highjump Arch. 671* 
688* 

6.7* 
9.0* 

6.3* 
9.7* 

8.1 
8.2* 

86285984 Gt -Op-Cp-P l granulite NE Highjump Arch. 813 788 627* 757 10.6* 6.5* 7.4* 
86286056 Op-Gt -Kf -Q z -P l gneiss E Miles Island 713 3.7 2.8 5.5 
86286261 G t - O p - P I - Q z gneiss S Liberty Islands 773(r) 

802(c) 
2.4 4.6 5.7 

86285650 Cp-Op-P l granulite Thomas Island 848 840 
86285855 G t - O p - Q z - P l gneiss Fuller Island 706 

763 
3.8 
3.8 

2.5 
4.8 

5.5 
5.6 

86285859 Cp-Op-P l granulite Fuller Island 863 N45 

86285871 G t - O P - P l - K f - Q z gneiss Aviatorov Peninsula 706 
712 

4.8 
5.0 

4.2 
4.3 

6.0 
6.2 

86286072 Gt -Op-Qz-P l gneiss E of Paz Cove 797 4.6 7.1 7.0 
86285821 Gt -Op-Qz-Kf -P I gneiss Edgeworth David 692 

745 
2.5 
2.5 

-0 .5 
1.6 

5.9 
6.2 

86285679 G t -Op-Kf -Q z -P l gneiss W of Lake Dolgoe 717(r) 
740(c) 

5.2(r) 
5.2(c) 

5.1(r) 
5.9(c) 

6.8(r) 
6.9(c) 

86285956 Cp-Op-P l granulite SW Bunger Hills 852 839 
86286012 C p - O p - Q z - P l gneiss Cape Jones S44 836 751 

766 
4.2 
4.8 

5.6 
6.3 

86285603 Group 2 dolerite SE Currituck Island 1001-
1093 

9 7 1 -
1063 

86285913 Group 3A dolerite Foster Island 797 778 
86285811 Group 4E dolerite NE Obruchev Hills 778(r) 

1057(c) 
762(r) 
944(c) 

86285893 C p - O p - Q z - P l gneiss Cape Charcot 933 882 745* 3.5 4.8 

r = rim. c = core. 

1. Wells (1977). 
2. Wood & Banno (1973). 
3. Harley (1984a), assuming 5kb (*8kb). Temperatures are about 6°C higher at 6kb. 
4. Blundy & Holland (1990), assuming 5kb (*3.5kb). Temperatures are about 15°C lower at 6kb. 
5. Ellis & Green (1979). assuming 8kb. 
6. Harley & Green (1982). assuming 800°C (*750°C). Pressures are about l.8kb lower at 750°C. 
7. Harley (1984b). assuming 800°C (*750°C). Pressures are 0.3-0.6kb higher at 750°C. 
8. Newton & Perkins (1982). assuming 800"C (*750°C). Pressures are about 0.2kb lower at 750°C. 
9. Johnson & Rutherford (1989). 

10. Schmidt (1992). 
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also indicates some uplift into the zone of brittle-ductile 
deformation very soon after emplacement of the plutonic rocks. 

Retrograde metamorphis m 
The effects of retrograde greenschist to amphibolite-facies 
metamorphism are widespread, particularly in the southeastern 
Bunger Hills. In some areas, retrogression was clearly asso-

Figure 130. Retrogressed, but undeformed mafic granulite; 
east end of Algae Lake. Pyroxene is replaced by aggregates of 
pale green secondary amphibole, commonly rimmed by 
darker green to bluish-green amphibole, with minor epidote 
and brown biotite. Some primary olive-green hornblende sur
vives. Sample 86286202; width of field: 5mm. 

Figure 131. Augen gneiss (garnet-biotite granite), with 
strained and crushed quartz and microcline porphyroclasts 
enclosed in very fine-grained polygonal aggregates of quartz, 
feldspar, biotite, and minor garnet; Mount Barr-Smith. Sam
ple 86286005; cross-polarised light in lower photo; width of 
field: 15mm. 

ciated with post-dolerite dyke shearing, which may have 
allowed water to get into relatively anhydrous rocks (Fig. 123). 
However, most altered rocks are virtually undeformed and in 
some mylonite zones pyroxene is little altered (Fig. 124). 
Generally, in retrograde mafic rocks pyroxene is replaced by 
pale green, fine-grained aggregates of hornblende or actinolite. 
with subordinate greenish-brown to brown biotite (particularly 
next to Fe-Ti oxide grains), and, locally, quartz, epidote and 
carbonate (Fig. 130). Dolerite dykes commonly retain a rec
ognisable sub-ophitic texture. 

Biotite is the most common alteration product of ortho
pyroxene in felsic gneiss, but yellowish-brown iddingsite is 
also widespread. Some pseudomorphs after orthopyroxene 
have cores of iddingsite and rims of pale green to colourless 
clinoamphibole, suggesting that the latter formed during an 
earlier retrogressive phase than the former. Some rocks show 
alteration of pyroxene to biotite (or chlorite) + quartz + 
epidote ± carbonate. 

Other retrograde effects include chloritisation of biotite. 
sericitisation and saussuritisation of feldspar, and replacement 
of olivine (in mafic dykes) by ferruginous serpentine, rimmed 
by amphibole. Calc-silicate bodies are locally converted to 
phlogopite-tremolite schist. Cordierite in metapelites is locally 
replaced by biotite + sillimanite, and commonly by pinite. 
Although both reactions are consistent with an increase in 
P H 2 0 (Grant 1985), the former indicates a higher grade ret
rogression, implying at least two retrograde events. 

The age of these retrogressions is unknown, but they 
clearly postdate the 1140 Ma dolerite dykes, and may be 
Neoproterozoic-Cambrian, when resetting of Rb-Sr isotopic 
systems occurred on a mineralogical scale (Sheraton et al. 
1990). 

Dolerites in the Obruchev Hills show evidence of a higher 
grade overprint (amphibolite to granulite-facies), but it is not 
known whether this occurred soon after emplacement or much 
later. 

Denman Glacie r are a 
Like the Bunger Hills area, the Denman Glacier area was 
metamorphosed at granulite facies. Orthopyroxene and clinopy
roxene are widespread in felsic and mafic rocks. There are 
few diagnostic assemblages in metasediments, but garnet + 
biotite + sillimanite-bearing rocks crop out at Mounts Strath
cona and Gist. The association sillimanite + muscovite at 
Mount Strathcona (Nockolds 1940) is presumably a retrograde 
effect. Garnet amphibolite inclusions in granite gneiss at Cape 
Harrison and Possession Rocks contain coexisting garnet and 
clinopyroxene. 

j V * 

m 
Figure 132. Hornblende-biotite-quartz-feldspar gneiss, show
ing sieve-like aggregates of hornblende and quartz, possibly 
replacing pyroxene, and preferred orientation of biotite; 
Jones Rocks. Sample 86285886; width of field: 2.7mm. 
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P-T estimates are only available for the Archaean two-py
roxene felsic orthogneiss from Cape Charcot, but they suggest 
slightly higher temperatures than for similar rocks in the 
Bunger Hills area (Table 23; Fig. 129). Allowing for the 
likely overestimates of the Wood & Banno (1973) and Wells 
(1977) geothermometers, an equilibration temperature of about 
800-850°C for this rock is probable. The Johnson & Rutherford 
(1989) Al-in-hornblende geobarometer gives a relatively low 
pressure of 3.5 kb. 

The effects of retrograde metamorphism are widespread 
in gneiss and many of the intrusive rocks, and are commonly 
associated with strong deformation. Granite at Mount Barr-
Smith has been deformed to augen gneiss, with strongly 

aligned biotite and strained and recrystallised quartz and 
feldspar (Fig. 131). Orthopyroxene is partly replaced by cum-
mingtonite in quartzite at Mount Strathcona. Felsic gneiss at 
Jones Rocks, like the diorite at Delay Point (Fig. 88), contains 
sieve-like aggregates of hornblende and quartz (Fig. 132), 
suggesting replacement of original pyroxene. The age of this 
apparent retrogression is not known for certain, but is most 
probably Neoproterozoic to Cambrian (500-600 Ma), when 
Pb loss from older zircon and growth of new zircon occurred 
in the Mount Charcot orthogneiss (Black et al. 1992b). It 
may also have been contemporaneous with greenschist-facies 
metamorphism of basalt at Mount Sandow. 



70 Discussion 

Discussion 
Geological histor y o f th e 
Bunger Hill s are a 
Isotopic age data are summarised in Table 24 and a provisional 
geological history of the Bunger Hills area is given in Table 25. 

The only indication of Archaean rocks in the area is an 
Y-depleted tonalite from the Obruchev Hills, which was 
emplaced about 2640 Ma ago. The earliest dated events in 
the Bunger Hills were emplacement of felsic igneous rocks 
(granodiorite) about 1500 and 1700 Ma ago. T% d

M ages for 
these, and for 1150-1170 Ma plutonic rocks, are significantly 
older at 1840-2310 Ma (Table 8). However, the chemical 
compositions of all but one of these rocks suggest either 
direct mantle derivation (the gabbroic intrusives) or partial 
melting of a mafic source (the Y-depleted granodiorite), and 
the model ages may, therefore, reflect earlier mantle enrichment 
or melting, or crustal contamination, rather than generation 
of felsic crust (Rudnick 1990). Hence, in the absence of 
further isotopic data, the age of formation of felsic crust in 
the Bunger Hills (event 2 on Table 25) is uncertain. The 
limited data do, nevertheless, suggest that rocks in the Obruchev 
Hills and Bunger Hills formed at quite different times before 
both underwent high-grade metamorphism at about 1190 Ma. 

Granulite-facies metamorphism, at least three deformations 
and emplacement of voluminous compositionally diverse suites 
of plutonic rocks all occurred within a period of 40 Ma or 
so. A similar situation has been reported for the Vestfold 
Block, where granulite-facies metamorphism, deformation and 

2526 and 2480 Ma ago (Black et al. 1991b). However, most 
of the analysed rocks there contain no isotopic evidence of 
a significantly older crustal history, although zircon cores in 
two orthogneisses from the northern Vestfold Block are up 
to 2800 Ma old. They differ in this respect from the Bunger 
Hills, where, on the basis of the limited data available, felsic 
crust appears to have formed in the Palaeo-Mesoproterozoic, 
well before the 1190 Ma granulite-facies metamorphism. 

High-grade metamorphism and plutonism in the Bunger 
Hills were followed by a complex sequence of brittle-ductile 
deformation (formation of shear and mylonite zones), em
placement of minor granite and pegmatite bodies and intrusion 
of dolerite dykes of several chemically distinct suites (events 
10-15 on Table 25). Many of these events apparently took 
place between emplacement of the plutonic rocks and the 
dolerite dykes, but granite/pegmatite emplacement and shear 
zone formation may have continued until (or resumed at) 
about 500 Ma. Rb-Sr and K-Ar isotopic systems were partly 
reset at about that time (Ravich et al. 1968; Sheraton et al. 
1990) and, as discussed below, this may be correlated with 
the Ross orogeny of the Transantarctic Mountains (Elliot 
1975) and the Pan-African orogeny elsewhere in Gondwana 
(Clifford 1974; Cooper 1990). Much of the retrograde meta
morphism of both dolerite dykes and country rocks, which 
is particularly evident in the southeastern Bunger Hills, may 
be of similar Cambrian age. The only reasonably precisely 
dated event of this age in the Bunger Hills is the emplacement 
of alkaline mafic dykes about 500 Ma ago (Sheraton et al. 1990). 

emplacement of various plutonic rocks all took place between 

Table 24. Isotopic age determinations from the Bunger Hills-Obruchev Hills and Denman Glacier areas. 
Locality Rock type Method Age (Ma) Remarks Reference 

NE Obruchev Hills Tonalitic orthogneiss U-Pb(Z) 2641 +|J Emplacement age Sheraton et al. (1992) 

SW Bunger Hills Granodioritic orthogneiss U-Pb(Z-IM) 1699 +_\\ Emplacement age Sheraton et al. (1992) 

Thomas Island Granodioritic orthogneiss U-Pb(Z-IM) 1521±29 Emplacement age Sheraton et al. (1992) 

Thomas Island Granodioritic orthogneiss U-Pb(Z-IM) 1190±15 Pb loss (high-grade 
metamorphism) 

Sheraton et al. (1992) 

NE Obruchev Hills Tonalitic orthogneiss U-Pb(Z-IM) 1040±53 Pb loss Sheraton et al. (1992) 

SW Bunger Hills Granodioritic orthogneiss U-Pb(Z-IM) 990 + 1 4 0 yyv _ 1 7 0 Pb loss Sheraton et al. (1992) 

SW of Algae Lake Quartz monzogabbro U-Pb(Z) 1171+3 Emplacement age Sheraton et al. (1992) 

E of Paz Cove Quartz monzogabbro U-Pb(Z) 1170+4 Emplacement age Sheraton et al. (1992) 

Booth Peninsula Quartz monzodiorite U-Pb(Z) 1151+4 Emplacement age Sheraton et al. (1992) 

Various Bunger Hills Group 3A dolerites Rb-Sr(WR) 1220±80 IR 0.7043±0.0006 Sheraton et al. (1990) 

Mainly Obruchev Hills Group 4E dolerites Rb-Sr(WR) 1110±160 IR 0.7029+0.0003 Sheraton et al. (1990) 

Geomorfologov Peninsula Group 4D dolerite Sm-Nd(Min) 1120±40 IR 0.51132+0.00005 Sheraton et al. (1990) 

Thomas Island Group 2 high-Mg dolerite Rb-Sr(WR+Min) 645±121 IR 0.7057+0.0005 
(reset age) 

Sheraton et al. (1990) 

NE Obruchev Hills Group 4E dolerite Rb-Sr(WR+Min) 550±24 IR 0.704+0.001 
(reset age) 

Sheraton et al. (1990) 

Currituck Island Group 2 high-Mg dolerite Rb-Sr(WR+Min) 514+6 IR 0.7062±0.0007 
(reset age) 

Sheraton et al. (1990) 

Miles Island Alkali basalt Rb-Sr(WR+Min) 502+12 IR 0.7168+0.0002 Sheraton et al. (1990) 

N Taylor Islands Trachybasalt Rb-Sr(WR+Min) 502±7 IR 0.7085+0.0002 Sheraton et al. (1990) 

Cape Charcot Tonalitic orthogneiss U-Pb(Z-IM) 3003±8 Emplacement age Black et al. (1992b) 

Cape Charcot Tonalitic orthogneiss U-Pb(Z-IM) 2889±9 New zircon growth 
(high-grade metamorphism) 

Black et al. (1992b) 

Mount Sandow Sericite schist ?K-Ar 610 Ravich et al. (1968) 

Cape Charcot Tonalitic orthogneiss U-Pb(Z-IM) 600, ?550 New zircon growth Black et al. (1992b) 

Cape Charcot Tonalitic orthogneiss U-Pb(Z-IM) 573+57 Pb loss Black et al. (1992b) 

Cape Charcot Tonalitic orthogneiss U-Pb(Z-IM) 567±49 Pb loss Black et al. (1992b) 

Watson Bluff Syenite U-Pb(Z) 516+1.5 Emplacement age Black et al. (1992b) 

David Island "Granosyeni te" K-Ar 560, 470, 460 Ravich et al. (1968) 

Baldwin Rocks Trachyte dyke K-Ar 330 Ravich et al. (1968) 

IM, ion microprobe; IR, initial 8 7 S r / 8 6 S r or 1 4 3 N d / 1 4 4 N d ratio; Min, mineral; WR, whole rock; Z, zircon. 



J.W. Sheraton et al 71 

There are several possible explanations for the apparent 
lack of isotopic evidence for Mesoproterozoic metamorphism 
in the Denman Glacier area. The Neoproterozoic-Cambrian 
tectonothermal event was much more intense than in the 
Bunger Hills, and evidence of the earlier metamorphism may 
have been obliterated. However, this would make it difficult 
to explain the survival of evidence for Archaean igneous and 
metamorphic events. Alternatively, the Denman Glacier region 
may have been at a relatively high crustal level in the 
Mesoproterozoic, and any metamorphism of only low to 
medium grade. Finally, and perhaps most likely, the two areas 
may not have been juxtaposed at that time (Black et al. 1992b). 

Although granulite-facies metamorphism apparently oc
curred in the Archaean, the time of the most extensive new 
zircon growth, T% d

M model ages for other rocks in the area 
(intermediate to felsic intrusives and a garnet-biotite parag
neiss) are much younger at 1600-2280 Ma (Table 21), indi
cating considerable continental crust formation and at least 
one period of high-grade metamorphism in post-Archaean 
times. It is possible that metadolerite xenoliths, some of which 
have relict igneous textures, in intermediate to felsic intrusives 
at Mount Strathcona (Ravich et al. 1968) and Mount Barr-Smith 
(Nockolds 1940) are the deformed equivalents of the Bunger 

Table 25. Summary of the geological history of the Bunger Hills area. 
Approximate age (Ma) 

1. Emplacement of oldest granitic rocks, predominantly tonalite (Obruchev Hills). 2640 

2. ?Felsic crust formation. -2000-2200 

3. Deposition of sediments; emplacement of felsic intrusives/extrusives; ?high-grade 
metamorphism. 

1500-1700 

4. Emplacement of mafic and ultramafic bodies (dykes?), now boudinaged. 

5. Granulite-facies metamophism (M,) at about 750-800°C and 5-6kb, and 
deformation (D,); formation of present foliation, intrafolial folds (F,), and 
lineation (L,); emplacement of granitic rocks and migmatisation. 

1190 

6. Emplacement of mafic dykes (subconcordant granulites). 

7. Formation of open to tight or isoclinal, variably plunging, commonly asymmetric 
or recumbent folds (F 2 ) under granulite-facies conditions (M 2 ). 

8. Major asymmetric, open to tight, shallow plunging, upright folding (F,) on 
WSW-trending axes; north or NNW-trending major folds may be of the same 
generation or may represent a slightly younger event (F 4); syn-deformational 
emplacement of Paz Cove and Algae Lake intrusions (predominantly quartz gabbro 
and quartz monzogabbro), probably still at granulite fades (M,). 

1170 

9. Emplacement of quartz monzodioritic and probably granitic rocks of Booth Peninsula 
batholith; emplacement of syn-plutonic mafic granulite dykes; ?emplacement of 
flat-lying dolerite dykes (group 1 tholeiites) (these pre-date dolerites of event 13, 
but may post-date some or all of events 10-12). 

1150 

10. Formation of shear/mylonite zones of at least two sets. 

11. Emplacement of pink granites and pegmatites (biotite ± hornblende or garnet), possibly 
associated with the plutonic rocks. 

12. Formation of shear/mylonite zones (events 10-12 are probably of very similar age, 
and all probably associated with retrograde metamorphism). 

13. Emplacement of abundant NW-trending mafic dykes (group 2 magnesian dolerites, 
groups 3 and 4 dolerites, and probably picrite/ankaramites). 

1140 

1 4 . Formation of shear/mylonite zones (at least some co-eval with mafic dyke emplacement). 

15. Emplacement of pink granites and pegmatites (muscovite + biotite); 
?retrograde metamorphism (particularly in southeast Bunger Hills); 
possibly co-eval with some mylonites of event 14. 

1 6 . Emplacement of east-trending alkali basalt and trachybasalt dykes 
(age relations with pink granites (15) not known). ?Final uplift towards the surface. 

500 

17. ?Emplacement of trachyte dykes (Geologov Island). 

Regional correlation s 
The geological histories of the adjacent parts of the East 
Antarctic Shield are mostly poorly known and there is a 
dearth of modern geochronological data. 

As has been shown, granulite-facies metamorphic rocks 
in the area west of the Denman Glacier differ from those of 
the Bunger Hills area in having only a small proportion of 
clearly sedimentary origin, and no unmetamorphosed dolerite 
dykes have been found. The only metamorphic rock to have 
been dated, a tonalitic orthogneiss from Cape Charcot, was 
emplaced about 3000 Ma ago and underwent high-grade 
metamorphism at about 2890 Ma; there is no evidence for 
metamorphism at 1190 Ma, but new zircon grew and Pb was 
lost from older zircon at 500-600 Ma (Black et al. 1992b). 
The Sandow Group (to the east of the present Denman Glacier) 
may have been deposited shortly before this time, in association 
with mafic intrusive and extrusive activity. Extensive syenitic 
to granitic plutons, with post-orogenic or anorogenic (A-type) 
chemical characteristics, were emplaced at 516 Ma. A-type 
magmatism in some other terranes appears to be an early 
manifestation of continental rifting (Anderson & Cullers 1978; 
Emslie 1978). 
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Hills dolerites, but there are no chemical or isotopic data to 
confirm this. Indeed, gabbro and diorite at Cape Kennedy 
and Delay Point do not appear to be chemically related to 
the gabbroic plutons of the Bunger Hills. 

A similar range of rock types near the Soviet base at 
Mirny (Fig. 133), about 250 km west of David Island, have 
been described in detail by Ravich et al. (1968). The granulite-
facies country rocks consist mainly of interlayered tonalitic 
orthogneiss and mafic granulite. with minor garnet-bearing 
paragneiss. These are intruded, in turn, by commonly dyke-like 
gabbroic bodies (tholeiitic dolerite and gabbronorite), 'char-
nockites' (mainly orthopyroxene monzodiorite. quartz mon
zodiorite and granodiorite, and fayalite quartz monzonite and 
granite) and several generations of aplite and pegmatite. 

The Mirny gabbroic bodies commonly have chilled margins 
and essentially igneous textures, although locally much re
crystallised, and, hence, they postdate the peak of high-grade 
metamorphism. In this respect they resemble the Bunger Hills 
intrusions, which were emplaced shortly after the metamorphic 
peak. However, the gabbroic rocks are chemically different 
from either the Bunger Hills gabbroic plutons or dolerite 
dykes. They have much higher T iO : and P 2 O s than the Bunger 
Hills gabbroic rocks, and, unlike most of the dykes, are 
strongly Hy-normative and have lower K 2 Q. They are also 

different from the Denman Glacier mafic intrusives, none of 
which has both the high T i 0 2 and P 2 0 5 of the Mirny rocks. 
In contrast, the fayalite quartz monzonite and granite appear, 
on major element data (Ravich et al. 1968), to be composi
tionally similar to the David Island quartz monzonite, and 
have given a similar Rb-Sr isochron age of 502+24 Ma 
(McQueen et al. 1972). 

As in the Denman Glacier area, this igneous activity was 
accompanied by much resetting of the K-Ar system in the 
country rocks (Ravich et al. 1968). However, in the absence 
of definitive geochronological data, the ages of high-grade 
metamorphism and mafic intrusives at Mirny, as in the Denman 
Glacier area, are uncertain and regional correlations (Table 26) 
can only be tentative. 

The nearest major outcrops east of the Bunger Hills are 
the Windmill Islands (Fig. 133), about 400 km distant and 
the site of Casey Station. The geology of this area has been 
described by Blight & Oliver (1977, 1982). The Windmill 
Metamorphics consist of amphibolite to granulite-facies 
metabasite, felsic orthogneiss , and cordierite±silliman-
iteaegarnet-bearing metapelites. They are intruded by the Ardery 
Charnockite (mainly clinopyroxene-biotite-hornblende-or-
thopyroxene granite, granodiorite and quartz monzonite), em
placed between D 2 and D 3 , the Ford Granite (porphyritic 

? Late  Archaean  to  Mesoproterozoic 
high-grade metamorphics  (includes 
Mesaproterozoic sediments,  volcanics, 
granites and  low  to  medium  grade 
metamorphics in  Gawler  Craton) 

Mesoproterozoic high-grade 
metamorphics 

Neoproterozoic sediments  and  volcanics 

Neoproterozoic to  early  Mesozoic 
sediments, low-grade  (locally  high-grade) 
metasediments, volcanics,  and  granitic 
intrusives (includes  Devonian  to  Jurassic 
Beacon Group  sediments  and  mafic 
igneous rocks  in  Antarctica) 

Boundary between  S  -  and  I  - type  granitoids 

Figure 133. Reconstruction of Australia and Antarctica, showing their relative positions at the time of Gondwana breakup (at 
about 95Ma) and prior to an inferred period of continental extension (rifting) which began 160Ma ago (after Veevers & Eittreim 
1988). Major Precambrian metamorphic terranes and Neoproterozoic to Mesozoic fold belts are indicated. The boundary 
between S- and I-type granitoids in the Ross and Lachlan fold belts is from Borg (1983), Stump et al. (1986), and Sheraton et 
al. (1987a). 
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hornblende-biotite granite), and various tholeiitic to alkaline 
mafic dykes (Blight & Oliver 1977). 

Unfortunately, as in much of East Antarctica, reliable 
isotopic ages for the Windmill Islands are few, so that un
ambiguous correlations are presently impossible. Oliver et al. 
(1983) reported a lower concordia intercept zircon U-Pb age 
of 1275121 Ma (interpreted as the age of metamorphism) 
and an upper intercept age of 2529±108 Ma (taken to represent 

a provenance age of the sediment) for a paragneiss. However, 
ages from conventional U-Pb dating of zircon can be geologi
cally meaningless, particularly, as in this case, for 'reverse 
discordia' (see Black & Sheraton 1990). The younger age 
may, therefore, not be as accurate an estimate of the time of 
metamorphism as the error limits suggest, and the older age 
might also be in error. Williams et al. (1983) obtained U-Pb 
zircon ion-microprobe ages of 1450 and 2990 ^{J Ma for 

Table 26. Provisional correlation of events in the Bunger 
Islands and Albany Mobile Belt. 

Hills and Denman Glacier areas with those in the Windmill 

Bunger Hills  Area Denman Glacier-Mirny  Area Windmill Islands Albany Mobile Belt  (AMB) Age (Ma) 

Emplacement of granitic rocks 
(tonalite); ?high-grade metamorphism 

2. Emplacement of granitic 
intrusives (mainly tonalite) 
(Obruchev Hills) 

3. 

4. ?Felsic crust formation 

5. ?Deposition of sediments; 
emplacement of granitic 
intrusives; ?high-grade 
metamorphism 

6. Emplacement of mafic 
and ultramafic bodies 

8. Granulite-facies metamorphism 
and deformation (D,); emplace
ment of granitic intrusives 

9. Emplacement of mafic dykes 

10. Granulite-facies metamorphism 
and deformation (D 9 ) 

11 Major asymmetric folding (D 3 ) ; 
emplacement of gabbroic to 
quartz monzogabbroic intrusives 
under high-grade conditions 

12. Emplacement of quartz monzodioritic 
and granitic intrusives, and 
flat-lying dolerites 

13. Brittle deformation; emplacement 
of minor granitic bodies and pegmatites 

Emplacement of abundant dolerite dykes 

?Felsic crust formation 

?Felsic crust formation 

14. 

15. 

16. Retrograde metamorphism; 
brittle deformation; emplacement 
of minor granitic bodies and pegmatites 

17. Partial resetting of Rb-Sr and 
K-Ar systems in minerals 

18. Emplacement of alkaline 
mafic dykes 

19. ?Emplacement of trachyte 
dykes 

?Metamorphism (Denman Glacier). 
Greenschist-facies metamorphism 
(Mt Sandow). Resetting of K-Ar 
system (Mirny) 

Emplacement of syenitic to 
granitic intrusives (David Island, 
Mirny) 

Emplacement of trachyte dykes 

Felsic crust formation 

?Deposition of sediments: 
emplacement of granitic 
intrusives; high-i 
metamorphism 

?Metamorphism 

?Metamorphism 

Felsic crust formation; 2900->3200 
emplacement of granitic intrusives; 
deposition of sediments; high-grade 
metamorphism (northern part of AMB, 
adjacent to Yilgarn Craton). 

Emplacement of granitic intrusives 2550-2750 
and volcanics; high-grade 
metamorphism and deformation 
(northern AMB) 

Emplacement of dolerite dykes 2410 

Felsic crust formation; ?deposition -2000 -2200 
of sediments 

-1450-1700 

?Emp3acement of dolerite dykes 

Emplacement of tonalitic intrusives; ~1290 
?high-grade metamorphism. Felsic 
crust formation at about this time in 
Leeuwin Block 

Granulite-facies metamorphism 1190 
and deformation (D,); emplacement 
of granitic intrusives and pegmatites 

Emplacement of granitic 
intrusives (Ardery Charnockite); 
high-grade metamorphism 

1170 

1150 

1140 

Emplacement of granitic 
intrusives (Ford Granite); 
uplift and cooling (closure 
of K-Ar and Rb-Sr systems 
in minerals); ?brittle deformation 
?emplacement of dolerite dykes 

Uplift and cooling (closure of K-Ar 
and Rb-Sr systems in minerals); 
?brittle deformation; 

-1060-1160 

?Emplacement of dolerite 
dykes 

?Emplacement of alkaline 
dykes 

Emplacement of granitic intrusives - 4 5 0 - 6 5 0 
and dolerite dykes; granulite-facies 
metamorphism (in Leeuwin Block). 
Resetting of Rb-Sr and K-Ar systems 
(in adjacent parts of Yilgarn Craton) 

500-520 

330 

Data sources: Black et al. (1992a, b), Blight & Oliver (1977, 1982), Ding & James (1991), Fletcher et al. (1983), 
Myers (1990a,b), Oliver et al. (1983), Pidgeon (1990), Ravich et al. (1968), Sheraton et al. (1990, 1992), 
Stuwe & Powell (1989a), Stuwe & Wilson (1990), Wilde & Murphy (1990), Williams et al. (1983). 
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a paragneiss, the former being attributed to high-grade meta
morphism. A Rb-Sr isochron age of 1477173 Ma (Sr/j 
0.7032±0.0004) was also reported for a tonalitic orthogneiss. 

Emplacement of felsic igneous rocks was thus apparently 
coeval with high-grade metamorphism about 1500 Ma ago. 
However, it is probable that metamorphism continued at least 
until (or also occurred at) about 1200 Ma, as the Ardery 
Charnockite was emplaced at about that time (Rb-Sr isochron 
age of 1172±68 Ma: Tingey 1991), and possibly as late as 
1070±36 Ma (Rb-Sr isochron age of the Ford Granite); biotite 
Rb-Sr and K-Ar ages are mostly between 1060 and 1160 Ma 
(Tingey 1991). 

The age of the Windmill Islands dolerite dykes is unknown, 
but some appear to have been derived from a similar mantle 
source to some of the Bunger Hills dykes. The resemblance 
is not close enough to allow an unequivocal correlation, but, in 
view of the chemical heterogeneity of dykes in the Bunger 
Hills alone, this is not surprising. An alkali basalt dyke is 
quite different in composition to those in the Bunger Hills 
(Sheraton unpublished data) and is therefore probably unre
lated. 

There are thus marked geological and geochronological 
similarities with the Bunger Hills area (Table 26). Indeed, it 
is likely that emplacement of granitic rocks in the Bunger 
Hills about 1500-1700 Ma ago was also accompanied by 
metamorphism. However, in contrast to the Bunger Hills-
Denman Glacier region, there appears to have been little 
resetting of Rb-Sr and K-Ar isotopic systems in the Windmill 
Islands rocks during the Cambrian. 

Mesoproterozoic metamorphism in the East Antarctic Shield 
east of the Windmill Islands appears to have been much 
earlier than in the Bunger Hills. At Point Martin in Adelie 
Land, 2440 Ma granodioritic orthogneiss was intruded by 
1700 Ma late granite veins (zircon U-Pb ion microprobe data: 
Menot et al. 1993), whereas at Point Geologie, amphibolite-
facies migmatitic gneiss was metamorphosed about 1700 Ma 
ago (Monnier et al. 1993). Micas from pegmatite and or
thogneiss in the Cape Denison area of Commonwealth Bay, 
George V Land (Fig. 133), have Rb-Sr ages mostly between 
1300 and 1650 Ma (Tingey 1991), and granodioritic ortho
gneiss was emplaced much earlier (2366±33 Ma U-Pb zircon 
age: Oliver et al. 1983). 

In contrast, high-grade metamorphism in the extensive 
Mesoproterozoic terrane west of the Bunger Hills (Fig. 1) 
was significantly later (Sheraton et al. 1987c). U-Pb zircon 
ion-microprobe ages of 1030 and 1000 Ma for granitic gneiss 
in the Prydz Bay area, Princess Elizabeth Land (Kinny et al. 
1993), are similar to that of zircon growth (1025±56 Ma) in 
a 1250 Ma dolerite dyke in the Archaean Vestfold Block, just 
to the north (Black et al. 1991a). Zircon from high-grade 
gneiss in the Rayner Complex of Enderby Land crystallised 
somewhat later at 960-980 Ma, the time of emplacement of 
the late orogenic (between D 2 and D 3 ) Mawson Charnockite 
(Black et al. 1987; Young & Black 1991). Generally similar 
U-Pb zircon ion microprobe (L.P. Black, unpublished data) 
and Rb-Sr isochron (Tingey 1991) ages have been reported 
from the northern Prince Charles Mountains of MacRobertson 
Land. 

Al though comparable Rb-Sr isochron ages ( 1 0 3 0 -
1130 Ma) have been reported for granulite-facies metamor
phics in the Liitzow-Holm Bay area of eastern Dronning 
Maud Land (Yoshida et al. 1983; Shibata et al. 1986), more 
recent ion microprobe U-Pb zircon dating has shown that the 
regional metamorphism in this area was only about 530 Ma 
ago (Shiraishi et al. 1992). However, Shiraishi & Kagami 
(1989) obtained a Sm-Nd isochron age of 999+164 Ma for 
metamorphics in the S0r Rondane Mountains to the west and 
magmatic activity and metamorphism occurred between 1130 

and 1060 Ma (U-Pb zircon ages) in the Kottas Mountains of 
western Dronning Maud Land (Arndt et al. 1989). The latter 
may be correlated with the Kibaran metamorphics of southern 
Africa (Weber & Arndt 1991; Groenewald 1993). 

It is noteworthy that the Bunger Hills metamorphic rocks 
are considerably younger than other, mostly Archaean, parts 
of the East Antarctic Shield cut by dolerite dyke swarms. All 
three well-documented Archaean cratonic blocks, the Napier 
Complex of Enderby Land (Sheraton et al. 1980, 1987c), the 
Vestfold Hills of Princess Elizabeth Land (Oliver et al. 1982; 
Collerson & Sheraton 1986; Black et al. 1991b) and the 
southern Prince Charles Mountains (Tingey 1982, 1991), 
contain dolerite dyke swarms (Fig. 1). The most abundant 
dolerites in the Vestfold Hills (Group II), correlated with 
geochemically similar dykes in the Napier Complex and 
southern Prince Charles Mountains (Sheraton et al. 1987b), 
were emplaced in two distinct episodes at 1241 ±5 and 
1380±7 Ma ago (zircon U-Pb ion microprobe ages, Lanyon 
et al. 1993); other dykes are as old as 2240 Ma (Sheraton 
et al. 1987b; Lanyon et al. 1993). 

Because such dykes are absent from the nearby -1000 
Ma high-grade terrane, except as deformed and metamorphosed 
relics, they have proved useful stratigraphic markers. However, 
it is clear from the Bunger Hills that the presence of dolerite 
dyke swarms does not necessarily indicate an Archaean age 
for the country rocks. 

The Bunger Hills dykes are younger (-1140 Ma) than 
those in the Archaean cratons. They are also geochemically 
distinct from these, but were derived from generally similar 
mantle sources (Sheraton et al. 1990). It is noteworthy that 
mafic dykes in the Bunger Hills, Vestfold Block, and Napier 
Complex were emplaced relatively deep in the crust not long 
after high-grade metamorphism, although those in the last 
two areas are Palaeoproterozoic (-2240 Ma). 

Gondwana reconstructio n 
and tectoni c synthesi s 
Gondwana reconstructions place the Bunger Hills area next 
to southwestern Australia. The Antarctica-Australia fit of 
Veevers (1990), based on satellite mapping of oceanic fracture 
zones, is shown in Figure 133. This reconstruction is similar 
to those of Sproll & Dietz (1969) and Smith & Hallam (1970), 
which were based on computer best fits of the 1000 and 500 
fathom isobaths, respectively, but an inferred initial north
westerly spreading direction puts Tasmania roughly midway 
between Cape Adare (Antarctica) and Cape Howe (southeastern 
Australia). However, Veevers & Eittreim (1988) postulated, 
from structural and geophysical evidence, that a period of 
southwest-directed crustal extension occurred during pre-
breakup rifting between 160 and 95 Ma ago. Their pre-160 Ma 
Gondwana reconstruction is also indicated in Figure 133. 

This pre-rifting reconstruction is broadly consistent with 
many geological criteria, including the correlation of the early 
Palaeozoic Bowers Group of northern Victoria Land with the 
Dundas Trough of western Tasmania (Laird et al. 1977) and 
the correlation of distinct terranes and boundaries between 
S-type and I-type granitic rocks in northern Victoria Land 
and southeastern Australia (Fig. 133) (Borg 1983; Stump et 
al. 1986; Sheraton et al. 1987a; Flottmann et al. 1993). 

The juxtaposition of Palaeoproterozoic orthogneiss and 
Proterozoic mafic dykes of Commonwealth Bay with similar 
rocks in the southern part of the Gawler Craton in the Eyre 
Peninsula, South Australia (Oliver et al. 1983; Sheraton et al. 
1989) is not as good as in the reconstruction at the time of 
breakup (95 Ma), but this might be due to the earlier crustal 
extension having been less extensive in this area than proposed 
by Veevers & Eittreim's (1988) model or, possibly, to a 
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1 6 / 0 9 / 2 7 5 

Mesoproterozoic high-grade  metamorphics 

Reworked Archaean  Yilgarn  Craton 

Figure 134. Pre-rifting reconstruction of southwestern Aus
tralia and the adjacent part of East Antarctica (from Figure 
133), showing Mesoproterozoic metamorphic terranes and 
areas of reworked Archaean rocks in the northern part of the 
Albany Mobile Belt (after Beeson et al., 1988). T^d

M model 
ages (in Ga) for felsic gneisses are indicated, using data from 
Black et al. (1992a, b), Fletcher et al. (1983, 1985, 1991), 
McCulloch (1987), McCulloch et al. (1883a, b), and Myers 
(1990b). Parameters used are (uiNd/luNd)UM = 0.51317, and 
(ulSm/u*Nd)nM = 0.225 (0.214 for Archaean rocks); 
uiNd/u*Nd was adjusted where necessary to allow for present 
day normalisation to l 4 l VVW/ I J 4iV7/. 

structural discontinuity in the rift zone. Certainly, continental 
breakup is likely to have been tectonically highly complex. 
For example, Willcox & Stagg (1990) have proposed, from 
geophysical data, a period of northwest-southeast crustal 
extension in the Great Australian Bight during the late Jurassic 
to early Cretaceous, whereas Harris & Li (1991) suggested, 
on structural evidence, that northeast-southwest extension 
may have occurred during the early Cretaceous (as well as 
the Cambrian) in the Albany Mobile Belt of southwestern 
Australia. 

The Commonwealth Bay and Adelie Land metamorphic 
rocks can probably be correlated with those affected by the 
Kimban orogeny in the Gawler Craton, where metamorphism 
and emplacement of granitic and volcanic rocks occurred 
between 1580 and 1820 Ma ago (Parker & Lemon 1982; 
Webb et al. 1986). This event was followed by the much 
weaker Wartakan event, about 1450-1500 Ma ago, possibly 
coeval with high-grade metamorphism in the Windmill Island s 
and eastern Albany-Fraser Province (see below). 

Overall, the Gondwana reconstruction of Veevers & Eittreim 
(1988) appears to fit the geological and geophysical evidence 

reasonably well, although, of course, it may yet be revised. 
It is therefore used as the basis for the following discussion 
and its implications for the geological evolution of the Bunger 
Hills-Denman Glacier region will be considered. It places the 
Bunger Hills about 400 km southwest of Albany at 160 Ma 
(Figs 133, 134), in this respect being somewhere between 
the two reconstructions discussed by Oliver et al. (1983) and 
Black et al. (1992b). 

Recent U-Pb zircon ion-microprobe analyses of rocks from 
the western part of the Albany-Fraser Province (the Albany 
Mobile Belt) by Black et al. (1992a) have shown that am-
phibolite-granulite facies metamorphism and deformation (M, -
D|), as well as several episodes of felsic magmatism, occurred 
within 10 Ma or so of 1190 Ma. i.e. essentially coeval with 
metamorphism and deformation in the Bunger Hills ( M r D | 
and probably M : -D,) . Granulite-facies metamorphism also 
occurred in the Musgrave Block of central Australia (Fig. 135) 
at about the same time (Gray 1978; Sun & Sheraton 1992). 

The northern part of the Albany Mobile Belt consists 
partly of reworked Archaean (3000 Ma) gneiss of the southern 
Yilgarn Craton (Fig. 134) (Fletcher et al. 1983; Black et al. 
1992a), although there is also evidence for a late Archaean 
component, probably correlating with further metamorphism 
and widespread felsic magmatism in the Yilgarn Craton (Wilde 
1990; Myers 1990a). There are, however, some compositional 
differences between the northern Albany Mobile Belt — the 
Biranup Complex, which consists of intensely deformed tec
tonic slices of gneiss and gabbro — and the southern Yilgarn 
Craton (Myers 1990a). 

Crust in the southern part of the Albany Mobile Belt is 
younger, T^i model ages being mostly Palaeoproterozoic 
(1850-2350 Ma: Fletcher et al. 1983; Black et al. 1992a); 
tonalite was emplaced 1289+10 Ma ago, probably during 
high-grade metamorphism (Pidgeon 1990). Rb-Sr whole-rock 
isochron ages from the eastern part of the Albany-Fraser 
Province (the Fraser Range area) are older (1300-1700 Ma), 
and reflect a complex metamorphic history (Arriens & Lambert 
1969; Bunting et al. 1976). Sm-Nd and Pb-Pb data for gabbro 
from the Fraser Complex indicate emplacement and meta
morphism about 1300 Ma ago (Fletcher et al. 1991). These 
ages are generally comparable to those obtained from the 
Windmill Islands and consistent with the Veevers & Eittreim 
(1988) reconstruction of Gondwana (Fig. 135). 

There are thus significant geological parallels between the 
Albany Mobile Belt and both the Bunger Hills and Windmill 
Islands (Table 26). The first two areas, at least, contain 
Archaean and Paleo-Mesoproterozoic protoliths and under
went high-grade metamorphism 1190 Ma ago, which was 
apparently the culmination of up to several hundred million 
years of metamorphism and felsic igneous activity. Paragneiss 
in the Windmill Islands contains Archaean detrital zircon 
(Oliver et al. 1983; Williams et al. 1983). In the Bunger Hills, 
mafic to felsic magmatism continued for 50 Ma or so after 
peak metamorphism, but, apparently, for no more than about 
10 Ma in the Albany Mobile Belt. This phase of tectonic 
activity ended with the intrusion of dolerite dyke swarms in 
the Bunger Hills and possibly the Windmill Islands, but dykes 
of this age have not been found in the Albany Mobile Belt. 
Emplacement of the northwest-trending Boyagin dyke swarm, 
which is largely confined to the southwestern part of the 
Yilgarn Craton, was considered by Myers (1990b) to be 
related to Palaeoproterozoic-early Palaeozoic orogenic activity, 
and dolerite dykes in the Albany Mobile Belt itself were 
thought by Harris & Li (1991) to be of Cambrian age. 

These similarities suggest that the Bunger Hills, Windmill 
Islands and the Albany-Fraser Province (orogen of Myers 
1990a) once formed part of the same metamorphic belt. There 
are several possibilities for the nature of the tectonic event 
which caused this metamorphism. Myers (1990a) proposed 
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Figure 135. Reconstruction of part of Gondwana (using the pre-rifting 160 Ma fit of Figure 133), showing major Precambrian 
metamorphic terranes and Neoproterozoic to Mesozoic fold belts. Representative isotopic ages (in Ga) of metamorphic events, 
as well as provenance ages (in brackets), are shown for the former. Ages ofProterozoic protoliths and Archaean to Proterozoic 
provenance ages for metasediments and S-type granitoids in the Ross Fold Belt are also indicated (Black & Sheraton 1990; 
Borg et al. 1990). Nature of the Palaeoproterozoic (~2.2 Ga) event in southern India and Sri Lanka is unclear, but detrital 
zircons of about this age have been reported from both areas (German-Sri Lankan Consortium 1987; Kroner et al. 1987; 
Soman et al. 1989). Kagami et al. (1990) reported a Sm-Nd isochron age of2330±30 Ma for metamorphic rocks from the Sri 
Lankan Highland Complex, and igneous emplacement ages of1850-1900 Ma from the same area were obtained by Hblzl et al. 
(1994). Approximate extent of Neoproterozoic to early Palaeozoic resetting of Rb-Sr and K-Ar isotopic systems in the East 
Antarctic Shieldis indicated. Data sources comprise Grew & Manton (1979), Grew etal. (1988) (Antarctica); Page etal. (1984) 
(Australia); Newton (1990), Rogers (1986), Sugden et al. (1990) (India); and Kagami et al. (1990) (Sri Lanka), together with 
other references quoted in the text. 

a major continental collision event about 1200 Ma ago. The 
older protolith ages in the northern part of the Albany Mobile 
Belt, next to the Yilgarn Craton, are matched by Archaean 
rocks in the Obruchev Hills, southwest of the Bunger Hills. 
Evidence for collision in the Albany-Fraser Province includes 
tectonic interleaving of different crustal segments (Myers 
1990a), a predominantly north to northwest-directed com-
pressional deformation (Beeson et al. 1988; Black et al. 
1992a), and increasing deformation towards the southern 
margin of the Yilgarn Craton (Harris et al. 1989a). Moreover, 
the last major regional deformation in the Bunger Hills (D,) 

resulted from north-northwest-south-southeast compression, 
similar to that in the Albany-Fraser Province. 

Stiiwe & Powell (1989a) postulated that metamorphism 
in the Bunger Hills area took place during an extensional 
event, which was followed by compressive deformation caused 
by 'gravitational collapse'. They interpreted the apparently 
originally more widespread occurrence of coexisting spinel 
and quartz as reflecting an earlier metamorphic event at lower 
pressure (and possibly higher temperature) and, hence, deduced 
an anticlockwise P-T-time path for the area. Such an extensional 
model would imply essentially isobaric cooling after the 
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metamorphic peak (Sandiford & Powell 1986; Bohlen 1987; 
Sandiford 1989a). In contrast, continental collision, which 
would be accompanied by major crustal thickening, is con
sidered to produce a clockwise P-T-time path (England & 
Richardson 1977; Thompson & England 1984). In fact, as 
discussed above, we consider the petrographic evidence for 
an anticlockwise P-T-time path in the Bunger Hills to be 
inconclusive. 

Although there is little evidence for the alternative clockwise 
path expected for a collisional model (i.e. no early high-pressure 
minerals or associations, such as kyanite), Bohlen (1987) has 
pointed out that the majority of granulite terranes contain no 
such evidence. A possible explanation is that many high-grade 
terranes may have been deep in the crust for a long time, so 
that any early mineral associations would have been destroyed, 
particularly during penetrative deformation (Harley et al. 
1990). Ellis (1987) has postulated that granulites formed in 
the lower part of a doubly thickened crust would undergo 
only limited uplift before experiencing an extended period 
of near-isobaric cooling towards the base of a crust of normal 
thickness. In addition, more efficient detachment of thickened 
thermal boundary layers in the lithosphere beneath convergent 
orogens in the Precambrian, resulting from more vigorous 
mantle convection processes, may well have resulted in the 
obliteration of early high-pressure, low-temperature assem
blages (Sandiford, 1989b). 

Both collisional and crustal extension models have been 
invoked to explain the prolonged near-isobaric cooling of the 
Napier Complex (Sandiford 1985; Harley 1985; Ellis 1987; 
Harley et al. 1990). Either model would require a second 
orogenic cycle to uplift the lower crustal segment to the 
surface. Any early low-pressure event in the Bunger Hills 
may not have been directly related to the pervasive metamor
phism (our M i ) . Isotopic data show that felsic igneous activity 
(and presumably deformation and metamorphism) occurred 
over a period of several hundred million years up to 1200 Ma 
in the area. There is also evidence for a pre-D] layering (e.g. 
in F, fold hinges), which could well be of metamorphic 
origin. Moreover, the originally sub-horizontal (recumbent) 
foliation is not unequivocal evidence of extension, and could 
equally well have been formed during compression (Escher 
& Watterson 1974; Park 1981; Clarke 1988). 

A third possibility is that high-grade metamorphism in 
the Bunger Hills area occurred in a continental arc tectonic 
environment (Andean or Cordilleran type of Pitcher 1982), 
which would have involved voluminous magmatism (Bohlen 
1977), but relatively limited crustal thickening. In the Gond
wana reconstruction used in Figures 133 and 134, the Bunger 
Hills are close to the line of the eastern edge of the Perth 
Basin (the Darling Fault), which marks the western limit of 
the Albany Mobile Belt. Hence, depending on the amount 
and direction of crustal extension and the consequent pre-rifting 
position of the Bunger Hills area relative to the Albany Mobile 
Belt, a continental collision (Himalayan or Hercynotype) 
tectonic setting for the Albany-Fraser Province and Windmill 
Islands may still be consistent with a continental arc envi
ronment for the Bunger Hills — although whether or not what 
is now the Australian continent extended significantly further 
west at that time is unknown. In this model, the subduction 
zone would have been oriented roughly east-west (in pre
sent-day terms), with a southerly dip. 

The presence of abundant, largely mantle-derived plutonic 
rocks in the Bunger Hills is consistent with a continental arc 
setting (cf. Pitcher 1982), whereas granite (s.s.)  plutons (pre
sumably representing intracrustal melts) are more prominent 
in the Albany Mobile Belt and Windmill Islands. The Palaeo
proterozoic model ages of granitic rocks in the Albany Mobile 
Belt (Fig. 134) (Fletcher et al. 1983; Black et al. 1992a) are 
consistent with this model. Moreover, the northeastern High-

jump Archipelago apparently underwent metamorphism at 
significantly higher pressures than the rest of the Bunger 
Hills area, possibly due to a greater thickness of crust there. 

There are significant analogies with the Cordilleran batho-
liths of the Andes, where the most voluminous (mafic to 
felsic) plutonism occurred during compressive deformation 
associated with active subduction, whereas predominantly 
mafic magmatic activity took place during periods of extension 
(Pichowiak et al. 1990; Soler & Bonhomme 1990). For 
example, in central Chile a pre-Andean (late Palaeozoic) 
phase of mostly tonalitic and granodioritic plutonism was 
followed by a transitional (Triassic to early Jurassic) phase 
of bimodal (leucogranite, gabbro) plutonism and dyke em
placement, and a final Andean (middle Jurassic to late Tertiary) 
phase, dominated by gabbro, diorite and tonalite (Parada 
1990). The pre-Andean and Andean plutonism occurred in 
magmatic arcs developed during plate convergence, whereas 
the transitional phase was associated with an extensional 
regime. 

Similarly, in the Bunger Hills, Y-depleted tonalitic to 
granodioritic magma, derived by melting of a mafic source 
(presumably subducted oceanic crust), was emplaced about 
1700 Ma ago, and granodiorite at about 1500 Ma. Emplace
ment of voluminous mantle-derived gabbroic to granitic mag
mas at 1 1 5 0 - 1 1 7 0 Ma was c lear ly a s soc ia ted with 
compression, but a change to an extensional regime was 
marked by intrusion of dolerite dykes 1140 Ma ago. It is 
therefore quite possible that the 1200 Ma metamorphic peak 
(Mj-D,) was also preceded by extension, as suggested by 
Stuwe & Powell (1989a). 

There is some evidence for evolution of granitoids in the 
Bunger Hills from early (pre-M,) tonalitic to granodioritic 
primitive arc type (low LILE, HFSE), through normal con
tinental arc granite (higher LILE, low HFSE), to mature arc 
types (quartz monzodiorite with high LILE and HFSE), cor
responding to an increasing within-plate component (Brown 
et al. 1984; Pearce et al. 1984). True within-plate granitoids 
(post-orogenic or anorogenic, commonly alkaline types) are 
apparently not represented (unless the rapakivi granites are 
such), but are present in the Denman Glacier area (the David 
Island batholith), albeit associated with a much younger 
tectonic event, as well as elsewhere in East Antarctica (Sheraton 
& Black 1988). The 1150-1170 Ma plutons appear to have 
been derived from much more isotopically enriched mantle 
source regions (perhaps with a higher subducted sedimentary 
component) than typical Andean batholiths (cf. Parada 1990; 
Soler & Rotach-Toulhoat 1990). However, this feature could 
be due to melting of enriched (sub-continental type) lithosphere 
associated with the continental crustal plates. 

Although the presence of shear zones indicates some uplift 
before the intrusion of abundant dolerite dykes in the Bunger 
Hills 1140 Ma ago, extensive resetting of the Rb-Sr system 
on a mineralogical scale during the Cambrian suggests that 
final uplift towards the surface was delayed and that the 
Mesoproterozoic metamorphism was accompanied by only 
relatively limited crustal thickening. This contrasts with closure 
of the Rb-Sr and K-Ar systems within 100 Ma or so of 
high-grade metamorphism in the Windmill Islands and Albany 
Mobile Belt, consistent with relatively rapid post-collisional 
uplift in these areas. It is, of course, possible that resetting 
in the Bunger Hills was the result of early Palaeozoic igneous 
activity, although this would only be likely if the terrane was 
still deep in the crust. 

Formation of the Bunger Hills metamorphics in a convergent 
tectonic regime is therefore considered to best fit the available 
geological constraints. Continental collision between the Yil
garn Craton and the East Antarctic Shield does not preclude 
the present Bunger Hills area from having been situated on 
an Andean plate margin at that time. Collisional terranes are, 
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of course, likely to be tectonically and metamorphically 
complex, and P-T-time paths will vary considerably from 
place to place, particularly when there is extensive plutonic 
activity (Harley et al. 1990; Stiiwe & Sandiford 1995). 

The extensive Neoproterozoic-Cambrian plutonic activity 
in the Denman Glacier and Mirny areas indicates a major 
tectonothermal event, which may well have caused the eventual 
uplift of the Bunger Hills area. It may be correlated with 
high-grade metamorphism and magmatism that occurred in 
the Leeuwin Block (Fig. 134) between 550 and 600 Ma ago, 
based on zircon data for a felsic orthogneiss (Wilde & Murphy 
1990). An event of this age in northwestern and central 
Australia was termed the Paterson orogeny by Myers (1990a), 
although in the extreme southwest of Australia it appears to 
have been largely confined to renewed activity in the Meso
proterozoic Pinjarra orogen. 

The Veevers & Eittreim (1988) reconstruction (Fig. 135) 
places the Leeuwin Block next to the Denman Glacier area, 
which appears to define the eastern limit of major early 
Palaeozoic plutonism in this part of East Antarctic Shield. 
Moreover, this limit may also be marked by sedimentation 
and mafic igneous activity (the Sandow Group) of broadly 
similar age. The predominant foliation trend in the Leeuwin 
Block (and the Pinjarra orogen) is north-south (Myers 
1990a,b), whereas it is north-northeast near Mirny (Ravich 
et al. 1968), and east-northeast in the Denman Glacier area, 
where many of the rocks have undergone considerable semi-
brittle deformation. Hence, the Neoproterozoic-Cambrian 
event in the Denman Glacier and Mirny areas may well 
represent extension, to the south and west, of high-grade 
metamorphism in the Leeuwin Block. 

There are, nevertheless, significant differences in the Pre
cambrian histories of the two areas: Tp d

M model ages of rocks 
from the Leeuwin Block (1130-1570 Ma) are considerably 
younger than those from the Denman Glacier area (mostly 
1600-2280 Ma, although Archaean orthogneiss is also present) 
(Myers 1990b; Black et al. 1992b), as well as those from 
the Bunger Hills and Albany Mobile Belt (Fig. 134). The 
Leeuwin Block protoliths may thus have been formed during 
the Mesoproterozoic Pinjarra orogeny of the extreme west of 
Western Australia (1000-1300 Ma; Myers 1990a,b). Black et 
al. (1992b) pointed out that these protoliths apparently formed 
at about the time of metasomatism of the source of the Bunger 
Hills dolerite dykes. Similarly, the protoliths of the Denman 
Glacier area rocks may have formed at about the same time 
as metasomatism of the mantle sources of the Bunger Hills 
gabbroic plutons and 500 Ma alkaline dykes, as well as being 
roughly coeval with felsic crust in the Albany-Fraser and 
Pinjarra orogens (Myers 1990b; Black et al. 1992a) and 
Bunger Hills. 

It has already been pointed out that model ages (particularly 
those of mafic rocks) may be misleading, as a significant 
part of the LILE and LREE may have been derived from 
older subducted sedimentary material during magma genera
tion above the subduction zone (Soler & Rotach-Toulhoat 
1990). Nevertheless, even if the timing is not well constrained, 
there is evidence for several cycles of mantle metasomatism 
and felsic crust formation, which, if at least some of the 
David Island syenitic rocks are mantle derived, extended into 
the early Palaeozoic. It remains to be seen whether or not 
the equivalents (in terms of crustal formation ages) of the 
Leeuwin Block gneisses are present in Antarctica. 

Myers (1990a) has pointed out that assembly of this part 
of Gondwana was probably not completed until the beginning 
of the Palaeozoic, possibly following breakup of an even 
larger supercontinent (Dalziel 1991). Thus, the Denman Glacier 
and Bunger Hills areas may represent distinct terranes that 
only moved together at about that time, thus accounting for 
their different lithologies and metamorphic histories. 

According to Wilde & Murphy (1990), there was a change 
from compressional to extensional tectonics in the Leeuwin 
Block as early as 570 Ma ago, as indicated by the abundance 
of anorogenic (A-type) granitoids and metadolerite dykes. 
However, unlike the 516 Ma David Island A-type intrusions, 
those in the Leeuwin Block are foliated, and possibly not, 
therefore, truly anorogenic. Nevertheless, it is possible that 
the Perth Basin began to form at about this time. This major 
rift zone was certainly in existence by the early Silurian, and 
the Darling Fault Zone, which marks its eastern boundary, is 
much older (Myers, 1990b). 

The proposed pre-breakup alignment of the Perth Basin 
and Denman Glacier (Fig. 134) suggests that the latter, which 
occupies a major trough (Drewry & Jordan 1983), may define 
a southerly extension of the Perth Basin rift. As has been 
shown, both structures define major geological discontinuities, 
whereas there are marked similarities in the geological histories 
of terranes to the east (Mesoproterozoic metamorphic rocks 
of the Bunger Hills area and Albany Mobile Belt) and west 
(Neoproterozoic-Cambrian metamorphic and plutonic rocks 
of the Denman Glacier area and Leeuwin Block). Such an 
alignment gives considerable support to the Veevers & Eittreim 
(1988) reconstruction, particularly because these are two of 
the very few major north-south trending structures that can 
be used to constrain Gondwana fits. The tectonic significance 
of the Sandow Group, which crops out immediately east of 
the Denman Glacier, is uncertain, but sedimentation in a 
'coastal-continental' environment (Ravich et al. 1968) is con
sistent with continental collision followed by ensialic rifting. 

Extensive Neoproterozoic-Cambrian ('Pan-African') reset
ting of K-Ar, Rb-Sr, and U-Pb systems, commonly accom
panied by felsic magmatism (emplacement of granite and 
pegmatite), has been documented for large areas of the East 
Antarctic Shield, including the sector between 0° and 102°E 
(Ravich et al. 1968; Yoshida et al. 1983; Sheraton et al. 
1987c; Moyes & Barton 1989; Tingey 1991; Shiraishi et al. 
1992; Kinny et al. 1993). Metamorphic and felsic igneous 
activity at about 500-600 Ma was also common in Sri Lanka 
(Cooray 1984; Baur et al. 1991; Holzl et al. 1994) and much 
of India (Sakar 1968; Grew & Manton 1986; Unnikrishnan-
Warrier et al. 1995). The exact nature of this event, which 
apparently resulted in the final uplift of this part of East 
Antarctica (Harley 1988), is uncertain, although collision may 
again have been involved (Harris et al. 1989b). Clarke (1988) 
attributed the formation of late mylonite and shear zones in 
the Rayner Complex of Kemp Land to northward thrusting 
at this time. In Australia, this event seems to have been one 
of crustal extension, possibly related to the breakup of a 
Proterozoic supercontinent (Lindsay et al. 1987). 

In contrast, as already noted, most K-Ar and Rb-Sr biotite 
ages from the Windmill Islands are between 1060 and 1160 
Ma, and Rb-Sr ages of micas from the Commonwealth Bay 
area are mostly between 1300 and 1650 Ma (Tingey 1991). 
There is thus no evidence for Neoproterozoic-Cambrian re
setting in these areas — the lower 'reverse discordia' intercept 
for felsic orthogneiss from Commonwealth Bay given by 
Oliver et al. (1983) may well be geologically meaningless. 
However, if greenschist-facies phyllite at Cape Hunter, west 
of Commonwealth Bay (Stillwell, 1918), is a correlative of 
the Meso-Neoproterozoic Adelaidean sediments (deformed 
and metamorphosed during the Cambro-Ordovician Delamer-
ian orogeny) of South Australia, as proposed by Grew (1982), 
then Commonwealth Bay may have been close to the western 
limit of this metamorphic event in this part of the East 
Antarctic Shield. Stuwe & Oliver (1989) suggested that the 
grade of this metamorphism increases markedly east of Com
monwealth Bay. The event was presumably related to the 
Ross orogeny in the Trans antarctic Mountains (Elliot 1975; 
Grew 1982), a collisional terrane involving several microplates 
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(Weaver et al. 1984; Gibson & Wright 1985). 
Similarly, the Bunger Hills may have been close to an 

eastern limit of Cambrian activity. Only partial resetting of 
the Rb-Sr system occurred (mineral-whole rock isochron ages 
of dolerite dykes range from about 1200 to 500 Ma: Sheraton 
et al. 1990) and igneous activity was much less intense at 
that time than in the area west of the Denman Glacier. In 
Australia, the geographical limits of such resetting (and as
sociated geological activity) are relatively well constrained, 
being confined to the western margin of the Yilgarn Craton, 
near the Darling Fault (Myers 1990b), and to the area east 
of the Gawler Craton (the Adelaide Fold Belt, metamorphosed 
during the Cambro-Ordovician Delamerian orogeny) (Webb 
et al. 1986; Foden et al. 1991); these features correlate quite 
well with the proposed Gondwana reconstruction (Fig. 135). 

Gondwana correlation s 
There are clearly considerable differences in the ages of 
Mesoproterozoic high-grade metamorphic events in the East 
Antarctic Shield, which range from a poorly constrained 
1600-1700 Ma in the Commonwealth Bay area to about 
1000 Ma in the western Rayner Complex of Enderby Land 
and in parts of Dronning Maud Land. Superficially, this might 
suggest a general decrease from east to west over about 
4000 km, but geochronological data indicate a far more 
complex pattern. Several Archaean cratonic blocks and smaller 
relics are present, and T  f% model ages indicate a wide range 
of protolith ages throughout the shield. 

Much of the Mesoproterozoic (-1000 Ma) terrane, from 
Princess Elizabeth Land to Enderby Land, preserves pet-
rographic evidence for substantial (2-4 kb) post-peak decom
pression (Harley, 1988). Interpreted P-T-time paths are 
generally clockwise, although only a small, relatively late 
part of the overall P-T-time path is usually recorded. Early 
high-pressure associations (relict kyanite + staurolite enclosed 
in garnet) have been reported from the Liitzow-Holm Complex 
of Dronning Maud Land (Motoyoshi 1990), but this area 
apparently underwent high-grade metamorphism during the 
Cambrian (Shiraishi et al. 1992). After decompression the 
Mesoproterozoic granulite terrane appears to have undergone 
near-isobaric cooling at middle crustal levels (3-5 kb) (Harley 
1988; Stiiwe & Powell 1989b). 

This Mesoproterozoic P-T history can only be explained 
by major crustal thickening in a convergent tectonic regime 
— continental collision and/or continental arc. Clarke (1988) 
showed that deformation of the Rayner Complex in Mac-
Robertson and Kemp Lands was due to westward thrusting 
against the stable craton of the Archaean Napier Complex, 
and Young & Ellis (1991) argued on geochemical grounds 
that the Mawson Charnockite was generated at pressures high 
enough to allow garnet fractionation. Moreover, Harley (1988) 
has shown that the gradients of the P-T-time paths commonly 
imply a heat budget enhanced by magmatic underplating. He 
also suggested that unusually rapid uplift in the Rauer Islands 
of Prydz Bay required extension of the previously thickened 
crust. Such a model fits the known geological history of the 
Bunger Hills quite well, although there is evidence for only 
limited uplift after voluminous, mantle-derived plutonic rocks 
were emplaced during compression in the area. However, the 
intrusion of a slightly younger dolerite dyke swarm suggests 
at least some subsequent extension. Presumably, the absence 
of coeval dolerite dyke swarms in the Albany Mobile Belt is 
because the terrane did not undergo extension at that time. 

Mesoproterozoic ages comparable to those of East Ant
arctica have been reported from once contiguous parts of 
India and Sri Lanka (Fig. 135). The Grenville orogenic belt 
of North America is also of similar age (Park 1988; Connelly 

& Heaman 1993) and includes both mantle and crust-derived 
plutonic rocks of very similar age to those in the Bunger 
Hills (1130-1160 Ma: Emslie & Hegner 1993). Indeed, 
Moores (1991) suggested that the Grenville orogen may once 
have extended around the present coast of East Antarctica 
into India and Australia in a Neoproterozoic supercontinent, 
which eventually broke apart in the Neoproterozoic or early 
Palaeozoic, isolating North America (Laurentia) and resulting 
in formation of the Gondwana supercontinent (Dalziel 1991, 
1992). 

In India, granulite and charnockite from the Eastern Ghats 
and elsewhere in the northeast have been dated at about 
1000 Ma (Sakar 1968; Grew & Manton 1986), although much 
of these areas is significantly older (Radhakrishna & Naqvi 
1986), suggesting correlations with MacRobertson and Kemp 
Lands, and possibly also the Albany-Fraser Province (Harris 
1993). It is therefore tempting to invoke collision of the 
Archaean to Palaeoproterozoic rocks of the Indian Shield 
with those of East Antarctica (the southern Prince Charles 
Mountains and Napier Complex) about 1000 Ma ago. If this 
was the case, then it is quite possible that the Bunger Hills 
were near a continental margin during and after collision 
between the Yilgarn and East Antarctic plates about 200 Ma 
earlier. 

Further west, there are significant geological similarities 
between the Liitzow-Holm Complex of Dronning Maud Land, 
and the Highland Complex of Sri Lanka (Yoshida 1988; 
Motoyoshi 1990; Yoshida et al. 1990). Both complexes were 
originally thought to be Mesoproterozoic (-1100 Ma), al
though derived from Archaean to Palaeoproterozoic protoliths 
(Shibata et al. 1986; German-Sri Lankan Consortium 1987; 
Kroner et al. 1987; Cooray 1991), but recent U-Pb zircon 
ion-microprobe dating has shown that both underwent high-
grade (amphibolite-granulite facies) metamorphism in Neo
proterozoic-Cambrian times: about 530 Ma ago in the 
Liitzow-Holm Complex (Shiraishi et al. 1992) and 550-660 Ma 
ago in the Highland Series (Baur et al. 1991; Holzl et al. 
1994). The classic 'in  situ  charnockitisation' in orthogneiss 
of the Highland Complex apparently occurred during the 
latter event. There is, however, some evidence for 1000-
1100 Ma geological activity in both areas, including granitoid 
emplacement the Highland Complex (Kroner et al. 1987; 
Burton & O'Nions 1990) and -1000 Ma zircon cores in some 
paragneiss from the Liitzow-Holm Complex (Shiraishi et al. 
1992). 

Shiraishi et al. (1987) postulated a collisional plate tectonic 
model for the development of the Liitzow-Holm and adjacent 
Yamato-Belgica Complexes, and Shiraishi et al. (1992) pointed 
out that this is the first reported occurrence of a Pan-African 
mobile belt in East Antarctica. There is also isotopic evidence 
(U-Pb zircon ages of granitic rocks) for a high-grade meta
morphic event of Pan-African age in the Larsemann Hills 
area of Princess Elizabeth Land (Zhao et al. 1992; Dirks 
et al. 1993; Hensen & Zhou 1995). It is quite probable that 
the Denman Glacier-Mirny area represents another example 
of such a terrane, although further isotopic dating is needed 
to confirm this. Whether or not this terrane also evolved in 
a collision zone is uncertain, particularly as it is not known 
how far east (i.e. towards Australia) the Indian portion of 
Gondwana — in particular, the Meghalaya Province (Harris 
1993) — extended at that time (Powell et al. 1988), but some 
sort of association, either direct or indirect, with collisional 
tectonics would explain the major subsequent uplift it expe
rienced. Magmatic underplating may also have been an im
portant factor (Stiiwe & Sandiford 1993). The Tan-African' 
event was clearly of much greater significance in this part 
of Gondwana than was previously thought, having involved 
much more than relatively minor felsic magmatism and re
setting of isotopic systems. 
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The tectonic significance of a further, older phase of 
granite and pegmatite emplacement about 770 Ma ago in the 
Rayner Complex of western Enderby Land (Black et al. 1987) 
is presently unclear, but this event may also have been quite 
widespread. Similar ages have been obtained for rocks from 
the Liitzow-Holm Complex (Rb-Sr isochron ages, of uncertain 
reliability, for felsic gneiss: Shibata et al. 1986; Nakajima et al. 
1988) and the Sri Lankan Highland Complex (771 +JJ Ma 
U-Pb zircon ion microprobe age, interpreted as dating em
placement, for a granitic orthogneiss: Baur et al. 1991). Such 
ages are comparable to those of high-grade metamorphism 
in the Mozambique Belt of central Africa (Stern et al. 1992; 
Moseley 1993), which may also have been the time of breakup 
between Laurentia and Antarctica-Australia (Dalziel 1992). 

There are thus systematic variations in the age of Meso
proterozoic metamorphism and magmatism and the intensity 
of the Neoproterozoic-early Palaeozoic event in East Antarc
tica, which can, to some extent, be correlated with events in 
once contiguous parts of Gondwana. Many of these geochro-
nological data, as well as geological evidence, support the 
Antarctica-Australia reconstruction of Veevers & Eittreim 
(1988). Nevertheless, there are still significant uncertainties 

in the correlations, notably between the Denman Glacier area 
and southwestern Australia (cf. Black et al. 1992b) and 
between Commonwealth Bay and South Australia (cf. Oliver 
et al. 1983), which are exacerbated by poor outcrop on the 
Antarctic side. Many more isotopic ages, combined with 
structural, petrographic, geochemical and, in particular, marine 
geophysical studies, will be required before more definitive 
correlations and tectonic interpretations can be made. As more 
such data become available, the geological history of East 
Antarctica will certainly be shown to be far more complex 
than the above outline would suggest, as has been the case 
for other Precambrian shields, such as southern Africa (Cooper 
1990), the Canadian Shield (Card 1990), and the Yilgarn 
Craton (Wilde 1990; Myers 1990a). It should eventually be 
possible to correlate metamorphic and magmatic activity in 
the East Antarctic Shield with major collisional and breakup 
events involving Precambrian continental plates prior to the 
formation of Gondwana. If Sri Lanka is 'the jewel in the 
crown of Gondwana' (Ellis 1988), then East Antarctica is 
surely the key piece of the Gondwana jigsaw, as Du Toit 
(1937) suggested in spite of general scepticism about conti
nental drift at that time. 
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Appendix: Chemica l analyse s o f roc k sample s 
from th e Bunge r Hill s and Denma n Glacie r area s 

Samples ar e liste d i n th e sam e orde r i n whic h the y ar e 
described i n th e text . 

Analytical method s 
All analyse s wer e carrie d ou t i n AGSO' s laboratories . Majo r 
and most trace elements were determined by X-ray fluorescenc e 
spectrometry (XRF ) o n Philip s PW140 4 o r PW145 0 equip -
ment. 

Major element s wer e measure d o n glass fusio n disc s usin g 
the metho d o f Norris h &  Hutto n (1969) . Calibratio n wa s 
against internationa l an d secondary roc k standards , using S i 0 2 

and Ca O blanks . Matri x corrections , wit h alph a factor s fo r 
the rhodiu m tube , wer e applie d t o al l majo r oxide s (a s wel l 
as S) . 

N a 2 0 wa s als o analyse d b y atomi c absorptio n spectro -
photometry (AAS) , th e result s agreein g wel l wit h thos e fro m 
XRF; average s ar e give n i n th e listings . Ferrou s iro n (FeO ) 
was determined separately by titration with standard potassium 
dichromate solution , an d F e 2 0 3 estimate d b y difference . Los s 
on ignitio n (LOI ) wa s measure d b y ignitin g abou t 5  g  o f 
sample a t 1050°C . Quote d LO I value s hav e bee n correcte d 
for the Fe O content s o f th e samples . Combine d wate r ( H 2 0 + ) , 
moisture (H 20"), an d tota l carbo n (carbonat e an d carbon , 
quoted a s C 0 2 ) wer e determine d gravimetrically . 

Most trac e element s (Ba , Rb , Sr , Pb , Th , U , Zr , Nb , Y , 
La, Ce , Nd , Pr , Sc , V , Cr , Sn , Ga , As , an d CI ) wer e analyse d 
by XR F o n powde r pellets , usin g th e technique s o f Norris h 
& Chappel l (1977) . Molybdenum , rhodium , an d gol d targe t 
X-ray tubes were used to give optimu m excitatio n fo r differen t 
groups o f elements . Syntheti c standard s wer e employe d fo r 
calibration, except for Rb (NBS-70A an d MA-N), S r (AGV-1), 
V (AGV-1 , BCR-1 , an d W-l) , an d C r (PCC- 1 an d DTS-1) . 

Mass absorptio n correction s utilise d th e Compto n scatte r 
method fo r wavelengths les s than 1.74 A (F e absorptio n edge) , 
and coefficient s calculate d fro m majo r elemen t composition s 
for longe r wavelengths . Empirica l interfering-elemen t correc -
tions wer e mad e wher e necessary . Li , Ni , Cu , an d Z n wer e 
determined with a Varian AA-975 spectrophotometer , L i being 
analysed b y th e metho d o f standar d addition . F  was measure d 
by specifi c io n electrode . 

Estimated detectio n limit s ar e give n i n Tabl e I . Thos e fo r 
elements determine d by XRF were calculated a t the 95 percen t 
confidence leve l fo r detectio n o f pea k abov e background , 
using th e relatio n give n b y Jenkin s &  d e Vrie s (1967) : 

detection limit = — — — \L— 
(Rp-Rb) V  t 

where, R p =  pea k coun t rat e (counts/sec) , 
Rb =  backgroun d coun t rat e (counts/sec) , 

t =  backgroun d countin g tim e (sees) , 
c =  elemen t concentration . 

The detection limits given are twice these calculated theoretica l 
values, an d ar e considere d t o b e mor e realistic . Detectio n 
limits for elements for which there are significant inter-elemen t 
corrections (e.g. , Ba , Ce , Sc , Y ) ar e probabl y eve n higher . 

Table Al.  Detection  limits  (in  weight  percent  for  major 
oxides and  ppm  for  trace  elements). 

S i 0 2 0.006 Nb 2 
T i 0 2 0.008 Y 1 
AI2O3 0.007 La 3 
F e 2 0 3 0.005 Ce 4 
MnO 0.004 Nd 2 
MgO 0.006 Pr 3 
CaO 0.0014 Sc 2 
N a 2 0 0.02 V 2 
K 2 0 0.0004 Cr 2 
P 2 0 5 

0.003 Ni 2 
Ba 5 Cu 2 
Li 2 Zn 1 
Rb 1 Sn 2 
Sr 1 Ga 1 
Pb 2 As 0.5 
Th 2 S 12 
U 0.5 F 200 
Zr 2 c 14 

Precision an d accurac y 
Precision o f th e XR F techniqu e i s generall y good , a s th e 
effects o f al l bu t ver y short-ter m drif t i n machin e condition s 
are practicall y eliminate d b y ratioin g eac h measuremen t t o a 
monitor standard . Th e precisio n ( l a level ) fo r trac e elemen t 
analyses i s typicall y ± 3 pe r cen t a t th e 3 0 t o 10 0 pp m level . 
The correspondin g precisio n fo r AA S analyse s i s betwee n ± 4 
and ± 6 percent . 

Accuracy wa s assesse d b y analysin g internationa l roc k 
standards. Comparison s o f XR F an d AA S result s fo r tw o 
standard rock s (GSP- 1 an d BCR-1 ) ar e give n i n Tabl e A2 . 
Table A2.  Comparison  of  analyses  of  standard  rocks  with 
recommended values  of  Abbey  (1983). 

GSP-1 BCR-1 
AGSO Recom. AGSO Recom. 

S i 0 2 67.97(0.29)* 67.32 54.42(0.16) 54.53 
T i 0 2 0.67(0.004) 0.66 2.26(0.015) 2.26 
A 1 2 0 3 

15.16(0.08) 15.28 13.51(0.06) 13.72 
F e 2 0 3 ( t ) 4.26(0.016) 4.28 13.29(0.03) 13.44 
FeO 2.25 2.32 8.89 8.96 
MnO 0.04 0.04 0.17 0.18 
MgO 0.99(0.015) 0.97 3.53(0.012) 3.48 
CaO 1.97(0.006) 2.03 6.97(0.06) 6.97 
N a 2 0 2.74 2.81 3.27(0.05) 3.30 
K 2 0 5.56(0.012) 5.51 1.71(0.010) 1.70 
P2O5 0.28 0.28 0.36 0.36 
Ba 1300 1300 702 680 
Li 25 30 11 14 
Rb 253 250 46 47 
Sr 237 240 329 330 
Pb 54 54 14 14 
Th 104 105 6 6 
U 2.0 2.1 1.5 1.7 
Zr 507 500 187 185 
Nb 25 ?23 13 19 
Y 28 29 37 40 
La 165 195 29 27 
Ce 391 360 55 53 
Nd 187 ?190 32 ?26 
Pr 46 ?50 4 ?7 
Sc 8 7 31 33 
V 49 54 416 420 
Cr 11 12 6 15 
Ni 7 9 7 10 
Cu 30 33 17 16 
Zn 91 105 117 125 
Sn 8 ?5 2 3 
Ga 24 23 21 22 
As <0.5 <0.5 1.0 ?0.8 
S 400 ?300 400 ?400 
F 500 500 

Standard deviation . 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 8 6 2 8 5 6 4 3 8 6 2 8 5 6 0 4 8 6 2 8 5 9 1 0 8 6 2 8 5 9 1 6 8 6 2 8 5 9 3 8 8 6 2 8 5 9 8 1 8 6 2 8 5 6 1 3 8 6 2 8 5 6 2 5 

L o c a l i t y T h o m a s C u r r i t u c k 1km S  o f F o s t e r 5km S W o f H i g h j u m p C u r r i t u c k C u r r i t u c k 

I s l a n d S W I s l a n d S E E d g e w o r t h I s l a n d D o b r o w o l - A r c h i p e l - I s l a n d I s l a n d S 

D a v i d s k i a g o N E 

L i t h o l o g y B i - O p - Q z - O p - Q z - K f O p - P l - Q z - C p - B i - O p - B i - O p - Q z - Q z - O p - P l O p - Q z - P l O p - Q z - P l 

P l g n e i s s g n e i s s Kf g n e i s s Q z - P l P l g n e i s s g n e i s s g n e i s s g n e i s s 

g n e i s s 

C l a s s i f i c a t i o n U n d e p l e t e d U n d e p l e t e d U n d e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d 

t o n a l i t e g r a n i t e g r a n i t e q u a r t z q u a r t z q u a r t z t o n a l i t e t o n a l i t e 

d i o r i t e d i o r i t e d i o r i t e 

S i 0 2 
6 8 . 0 0 7 4 . 1 0 6 9 . 7 0 5 8 . 2 0 5 5 . 4 0 5 5 . 1 0 6 4 . 6 0 6 0 . 0 0 

T i 0 2 
. 5 9 . 4 8 . 7 2 . 6 0 . 6 4 1 . 1 0 . 5 5 . 7 7 

A l 2 ° 3 
1 4 . 3 3 1 1 . 4 8 1 2 . 7 5 1 5 . 6 2 1 9 . 4 8 1 5 . 6 0 1 7 . 2 6 1 6 . 1 6 

P e 2 ° 3 
2 . 5 4 1 . 3 9 2 . 7 1 . 7 2 1 . 8 7 1 . 0 7 1 . 7 9 2 . 5 8 

FeO 2 . 7 6 1 . 8 5 3 . 1 8 6 . 0 2 5 . 5 5 9 . 8 0 2 . 9 5 4 . 5 8 

MnO . 0 9 . 0 5 . 0 6 . 1 0 . 1 3 . 1 5 . 1 1 . 0 9 

MgO 1 . 5 2 1 . 2 5 1 . 1 2 6 . 4 5 3 . 9 3 6 . 5 6 1 . 7 3 2 . 9 8 

CaO 3 . 9 0 1 . 3 2 2 . 1 7 6 . 1 0 7 . 0 5 7 . 1 0 5 . 3 3 6 . 4 6 

N a 2 ° 
3 . 6 1 2 . 0 5 3 . 1 3 4 . 0 8 3 . 7 9 2 . 6 7 3 . 7 6 4 . 0 8 

K 2 ° 
. 8 5 5 . 3 7 3 . 2 5 . 6 0 . 7 6 . 4 1 1 . 3 4 1 . 0 5 

P 2 ° 5 
. 1 5 . 0 8 . 1 1 . 1 7 . 3 0 . 1 4 . 1 1 . 1 8 

LOI . 8 3 . 5 5 . 7 9 . 7 5 1 . 0 7 . 8 1 . 4 9 . 5 4 

R e s t . 2 0 . 2 3 . 2 9 . 2 7 . 2 3 . 1 9 . 1 8 . 3 7 

T o t a l 9 9 . 3 7 1 0 0 . 2 0 9 9 . 9 8 9 9 . 6 8 1 0 0 . 2 0 1 0 0 . 7 0 1 0 0 . 2 0 9 9 . 8 4 

0 = F , S , C I . 0 2 . 0 1 . 0 1 . 0 0 . 0 1 . 0 1 . 0 1 . 0 6 

T o t a l 9 9 . 3 4 1 0 0 . 1 9 9 9 . 9 6 9 9 . 6 7 1 0 0 . 1 9 1 0 0 . 6 9 1 0 0 . 1 9 9 9 . 7 7 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 8 1 8 0 77 1 6 3 2 3 4 

S r 1 8 5 1 3 2 2 8 2 4 6 2 4 8 3 1 8 4 3 5 5 5 0 1 

P b 1 3 22 19 4 1 1 1 0 1 8 1 3 

Th 1 6 26 < 1 1 1 < 1 < 1 

U . 5 0 1 . 0 0 . 5 0 . 5 0 . 5 0 1 . 0 0 < . 5 0 < . 5 0 

Z r 3 2 2 3 1 6 4 3 8 9 7 79 7 6 8 1 1 5 5 

Nb 4 6 10 2 8 7 2 5 

Y 2 6 17 2 5 11 2 2 2 3 16 2 8 

L a 2 1 39 8 0 1 3 2 9 2 1 16 3 3 

C e 4 5 6 3 1 6 3 26 5 4 3 8 3 0 6 5 

Nd 19 19 6 0 13 2 3 19 12 2 8 

S c 1 5 8 10 19 2 1 39 12 19 

V 46 2 2 37 1 1 4 8 5 2 5 6 6 7 1 3 0 

C r 12 5 2 9 4 4 2 7 4 1 5 0 8 4 0 

N i 9 7 7 1 4 5 17 4 8 2 2 36 

Cu 16 5 10 16 9 16 2 4 1 0 2 

Zn 6 0 3 5 7 1 76 99 1 3 4 5 8 4 4 

S n < 1 1 1 < 1 1 < 1 < 1 1 

Ga 17 12 2 0 2 1 2 4 19 17 19 

S 5 0 0 2 0 0 3 0 0 1 0 0 3 0 0 2 0 0 3 0 0 1 3 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

C l a s s i f i c a t i o n 

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

T h o m a s O b r u c h e v O b r u c h e v O b r u c h e v O b r u c h e v 

I s l a n d C  H i l l s S W H i l l s S W H i l l s N E H i l l s N E 

O p - Q z - P l O p - Q z - P l C p - O p - Q z - C p - O p - Q z - O p - Q z - P l 

g n e i s s g n e i s s P i g n e i s s P i g n e i s s g n e i s s 

D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d 

t o n a l i t e t o n a l i t e t o n a l i t e t o n a l i t e t o n a l i t e 

8 6 2 8 5 8 2 0 

1km S  o f 

E d g e w o r t h 

D a v i d 

O p - Q z - P l 

g n e i s s 

8 6 2 8 5 9 2 8 

S T a y l o r 

I s l a n d s 

C p - O p - Q z -

P i g n e i s s 

D e p l e t e d D e p l e t e d 

t o n a l i t e t o n a l i t e 

8 6 2 8 5 9 5 8 

W e n d o f 

L a k e 

D o l g o e 

B i - C p - O p -

Q z - P l 

g n e i s s 

D e p l e t e d 

t o n a l i t e 

S i 0 2 6 2 . 5 0 6 9 . 8 0 6 6 . 1 0 6 9 . 9 0 7 2 . 7 0 5 9 . 7 0 6 4 . 7 0 6 1 . 3 0 

T i o 2 . 7 2 . 3 7 . 5 0 . 4 0 . 2 8 . 8 4 . 7 7 . 8 2 

A l 2 ° 3 
1 6 . 4 6 1 5 . 6 4 1 5 . 9 4 1 5 . 8 9 1 4 . 7 5 1 7 . 2 5 1 6 . 1 2 1 5 . 1 1 

F 8 2 ° 3 
2 . 3 9 1 . 0 5 1 . 3 3 1 . 4 1 . 7 5 . 4 5 1 . 6 2 . 8 4 

FeO 4 . 0 2 2 . 1 0 2 . 9 1 1 . 3 8 . 8 5 6 . 8 7 3 . 6 2 6 . 4 6 

MnO . 1 0 . 0 5 . 0 7 . 0 3 . 0 2 . 1 2 . 0 7 . 1 1 

MgO 3 . 8 1 1 . 3 9 2 . 0 9 . 9 8 . 8 2 3 . 4 1 2 . 2 5 3 . 9 5 

CaO 4 . 5 8 3 . 8 0 5 . 2 5 3 . 8 8 3 . 5 9 6 . 2 0 5 . 6 1 7 . 0 1 

N a 2 0 3 . 6 7 4 . 3 8 4 . 0 0 4 . 6 7 4 . 2 9 3 . 0 4 3 . 9 5 2 . 5 1 

K 2 0 . 8 7 . 7 7 . 8 5 . 8 8 . 7 0 . 9 4 . 6 7 . 9 6 

P 2 ° 5 
. 1 6 . 0 9 . 1 4 . 1 2 . 0 4 . 1 7 . 2 5 . 1 3 

LOI . 5 3 . 5 8 . 7 0 . 3 9 . 5 3 . 8 9 . 4 0 . 8 6 

R e s t . 2 1 . 1 7 . 2 4 . 1 9 . 2 6 . 1 8 . 1 5 . 2 5 

T o t a l 1 0 0 . 0 2 1 0 0 . 1 9 1 0 0 . 1 2 1 0 0 . 1 2 9 9 . 5 8 1 0 0 . 0 6 1 0 0 . 1 8 1 0 0 . 3 1 

0 = F , S , C l . 0 0 . 0 0 . 0 2 . 0 0 . 0 1 . 0 1 . 0 0 . 0 3 

T o t a l 1 0 0 . 0 2 1 0 0 . 1 9 1 0 0 . 1 0 1 0 0 . 1 1 9 9 . 5 6 1 0 0 . 0 5 1 0 0 . 1 8 1 0 0 . 2 7 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 4 9 6 5 2 0 5 5 4 5 9 9 7 0 4 2 8 0 3 9 6 5 3 7 

Rb 7 2 2 4 2 5 1 1 36 

S r 3 5 7 5 4 2 6 1 8 5 3 5 8 2 8 2 6 7 3 2 4 1 9 6 

P b 12 6 6 6 6 1 4 6 1 1 

Th 8 < 1 < 1 < 1 1 1 6 < 1 6 

U . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 1 . 0 0 . 5 0 1 . 0 0 

Z r 1 3 7 8 2 99 1 6 9 1 4 8 1 0 6 1 4 5 9 2 

Nb 5 1 3 2 1 7 5 5 

Y 2 0 2 8 2 2 1 7 16 1 8 

La 4 0 16 1 5 15 46 2 5 2 5 2 7 

C e 8 2 2 4 2 9 2 5 7 5 5 8 52 5 3 

Nd 3 5 7 13 9 2 0 2 2 2 2 2 3 

S c 2 1 9 14 8 6 2 6 1 5 2 7 

V 1 1 0 3 8 7 1 32 2 2 1 5 7 7 3 1 6 5 

c r 1 5 4 2 1 5 0 10 6 2 8 2 9 6 2 

N i 3 4 8 2 6 12 12 1 3 17 2 9 

Cu 1 1 1 1 2 3 8 17 1 1 6 3 1 

Zn 6 8 4 4 5 2 4 0 2 4 8 9 5 0 6 2 

s n 1 < 1 < 1 < 1 < 1 2 < 1 1 

Ga 18 16 18 19 1 5 2 1 19 19 

S 1 0 0 1 0 0 5 0 0 1 0 0 3 0 0 3 0 0 < 1 0 0 7 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

8 6 2 8 6 0 0 9 8 6 2 8 6 0 1 2 8 6 2 8 6 0 9 6 8 6 2 8 6 2 1 0 

C a p e J o n e s C a p e J o n e s B u n g e r L a k e 

H i l l s S E M i r r o r 

H b - O p - Q z - C p - O p - Q z - B i - O p - Q z - C p - O p - Q z -

P l g n e i s s P i g n e i s s P i g n e i s s P i g n e i s s 

8 6 2 8 6 2 3 8 

5km S  o f 

D o b r o w o l -

s k i 

B i - O p - Q z -

P l g n e i s s 

8 6 2 8 5 6 0 0 

C u r r i t u c k 

I s l a n d S E 

Op-QZ-Mp 

g n e i s s 

8 6 2 8 5 6 2 3 

C u r r i t u c k 

I s l a n d S 

O p - P l - Q z -

Kf g n e i s s 

8 6 2 8 5 8 7 3 

S o f 

P a r r o t 

I s l a n d 

O p - K f - Q z -

P l g n e i s s 

C l a s s i f i c a t i o n D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d 

t o n a l i t e t o n a l i t e t o n a l i t e t o n a l i t e t o n a l i t e g r a n o d i o r . g r a n o d i o r . g r a n o d i o r . 

S i 0 2 
6 8 . 6 0 6 2 . 4 0 7 0 . 5 0 5 6 . 0 0 7 0 . 2 0 7 1 . 1 0 7 3 . 2 0 6 1 . 2 0 

T i 0 2 . 4 7 . 7 1 . 3 6 1 . 0 6 . 3 5 . 3 3 . 3 0 . 8 1 

A 1 2 0 3 1 5 . 7 2 1 6 . 5 8 1 5 . 2 5 1 5 . 7 1 1 5 . 3 6 1 4 . 8 3 1 3 . 6 6 1 6 . 9 9 

F e 2 ° 3 
1 . 3 8 2 . 1 5 . 9 4 . 6 0 1 . 0 2 1 . 0 4 . 8 9 . 3 1 

FeO 1 . 9 0 2 . 9 0 1 . 2 8 9 . 5 6 1 . 2 8 1 . 4 2 1 . 1 5 5 . 5 5 

MnO . 0 4 . 0 7 . 0 2 . 2 0 . 0 3 . 0 3 . 0 2 . 1 0 

MgO 1 . 3 7 2 . 9 1 1 . 1 7 5 . 4 4 1 . 2 0 . 9 4 . 6 9 2 . 5 3 

CaO 4 . 4 0 6 . 1 5 2 . 5 7 7 . 6 1 2 . 5 7 2 . 9 0 2 . 2 0 5 . 4 1 

N a 2 0 4 . 4 0 4 . 4 3 4 . 8 9 1 . 9 1 5 . 2 2 3 . 9 9 3 . 6 9 3 . 1 6 

K 2 0 . 5 9 . 8 7 1 . 4 0 . 3 7 1 . 3 4 2 . 8 3 2 . 9 4 2 . 0 9 

P 2 ° 5 
. 1 5 . 2 2 . 0 3 . 1 6 . 0 9 . 1 3 . 0 3 . 2 0 

LOI . 5 5 . 7 4 . 7 8 1 . 0 5 . 5 4 . 5 5 . 9 9 1 . 1 2 

R e s t . 1 9 . 2 9 . 2 0 . 2 5 . 1 8 . 2 1 . 2 2 . 3 0 

T o t a l 9 9 . 7 6 1 0 0 . 4 2 9 9 . 3 9 9 9 . 9 2 9 9 . 3 8 1 0 0 . 3 0 9 9 . 9 8 9 9 . 7 7 

0 = F , S , C l . 0 2 . 0 3 . 0 0 . 0 4 . 0 0 . 0 1 . 0 2 . 0 2 

T o t a l 9 9 . 7 4 1 0 0 . 3 8 9 9 . 3 9 9 9 . 8 8 9 9 . 3 8 1 0 0 . 2 9 9 9 . 9 6 9 9 . 7 5 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 3 7 8 5 6 0 6 9 9 3 0 3 7 4 0 7 6 5 6 9 6 9 9 0 

Rb 1 3 14 3 1 1 6 0 4 8 5 5 

S r 4 6 5 5 9 1 3 9 0 1 2 3 2 6 7 3 5 2 2 2 5 4 2 9 

P b 4 9 19 9 1 1 1 0 2 1 1 1 

Th < 1 < 1 2 1 < 1 2 7 6 1 < 1 

U < . 5 0 < . 5 0 < . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 

Zr 1 4 3 1 7 5 2 1 5 1 7 4 2 0 7 1 6 3 1 8 8 1 5 8 

Nb 2 4 4 7 2 3 2 7 

Y 5 13 2 2 8 6 6 3 10 

La 1 8 2 3 5 5 18 2 2 3 5 62 4 0 

Ce 3 1 47 8 3 36 3 8 59 1 0 2 7 0 

Nd 1 3 2 5 22 17 1 3 18 26 2 3 

S c 1 0 18 6 3 3 7 7 4 19 

V 46 9 7 32 1 9 0 34 2 3 2 2 9 2 

Cr 14 6 0 6 1 2 9 1 3 1 1 4 3 4 

N i 10 3 3 9 8 4 8 9 9 2 1 

Cu 3 0 37 6 2 4 4 19 36 17 

Zn 4 5 66 3 3 1 0 1 3 7 2 6 2 2 1 1 8 

S n 1 2 < 1 < 1 < 1 < 1 2 < 1 

Ga 17 19 16 1 8 17 16 16 2 0 

S 4 0 0 7 0 0 1 0 0 8 0 0 1 0 0 2 0 0 4 0 0 5 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

C l a s s i f i c a t i o n 

8 6 2 8 5 9 6 0 8 6 2 8 6 0 9 4 8 6 2 8 6 2 0 0 8 6 2 8 6 2 0 8 8 6 2 8 6 2 0 9 8 6 2 8 6 2 3 5 8 6 2 8 6 2 5 4 8 6 2 8 5 6 6 5 

W e n d o f B u n g e r E  e n d o f L a k e L a k e 5k m S  o f H u s k y D o g D i e g l m a n 

L a k e H i l l s S E A l g a e M i r r o r M i r r o r D o b r o w o l - I s l a n d I s l a n d 

D o l g o e L a k e s k i 

O p - K f - Q z - O p - K f - Q z - O p - K f - Q z - O p - P l - Q z - O p - Q z - M p O p - Q z - P l B i - O p - K f - O p - Q z - M p 

P i g n e i s s P i g n e i s s P i g n e i s s K f g n e i s s g n e i s s g n e i s s Q z - P l g n e i s s 

g n e i s s 

D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d D e p l e t e d 

g r a n o d i o r . g r a n o d i o r . g r a n o d i o r . g r a n o d i o r . g r a n o d i o r . g r a n o d i o r . g r a n o d i o r . g r a n i t e 

S i 0 2 6 2 . 0 0 5 9 . 9 0 7 1 . 2 0 7 3 . 4 0 7 3 . 2 0 7 0 . 6 0 7 1 . 2 0 7 2 . 0 0 

T i 0 2 . 7 0 . 7 5 . 3 6 . 1 5 . 1 7 . 2 9 . 1 5 . 2 3 

A l 2 ° 3 
1 6 . 1 6 1 7 . 9 1 1 4 . 3 0 1 4 . 9 2 1 4 . 6 1 1 5 . 1 5 1 5 . 3 3 1 4 . 4 7 

F e 2 ° 3 
1 . 1 7 1 . 2 8 1 . 2 9 . 6 1 . 7 6 1 . 1 8 . 4 4 . 5 7 

F e O 4 . 8 2 3 . 9 4 1 . 6 8 . 4 4 . 5 0 1 . 0 2 1 . 0 4 1 . 1 5 

MnO . 1 0 . 1 0 . 0 3 . 0 1 . 0 1 . 0 2 . 0 2 . 0 2 

MgO 3 . 4 2 3 . 3 3 1 . 4 0 . 3 1 . 3 8 . 8 9 1 . 0 0 . 6 7 

CaO 3 . 8 5 4 . 7 0 2 . 8 9 1 . 3 4 1 . 8 7 1 . 9 3 2 . 0 4 1 . 5 2 

N a 2 ° 
3 . 7 1 4 . 4 6 4 . 0 6 4 . 9 8 5 . 1 9 5 . 3 5 4 . 9 5 3 . 8 4 

K 2 0 2 . 2 8 2 . 1 4 1 . 8 0 2 . 9 6 2 . 0 4 1 . 8 8 2 . 4 9 4 . 5 2 

P 2 ° 5 
. 1 6 . 1 5 . 0 6 . 0 4 . 0 4 . 0 5 . 0 2 . 1 1 

LOI . 6 6 . 9 9 . 6 7 . 4 0 . 6 3 . 8 0 . 5 7 . 5 3 

R e s t . 2 7 . 3 0 . 2 4 . 1 9 . 1 5 . 2 0 . 4 2 . 2 5 

T o t a l 9 9 . 3 0 9 9 . 9 5 9 9 . 9 8 9 9 . 7 5 9 9 . 5 5 9 9 . 3 6 9 9 . 6 7 9 9 . 8 8 

0 = F , S , C l . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5 . 0 0 

T o t a l 9 9 . 2 9 9 9 . 9 3 9 9 . 9 7 9 9 . 7 5 9 9 . 5 5 9 9 . 3 5 9 9 . 6 2 9 9 . 8 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 1 0 8 8 9 5 9 1 1 0 2 1 1 8 3 7 5 5 9 5 8 1 5 5 9 1 4 1 4 

Rb 5 6 2 4 1 1 39 16 1 5 2 3 6 8 

S r 4 1 2 5 2 1 3 6 5 2 3 5 2 5 7 2 2 7 8 4 6 2 0 3 

P b 1 3 2 3 12 1 3 1 1 15 2 6 2 3 

Th 1 0 < 1 2 2 1 7 5 < 1 2 5 

U < . 5 0 < . 5 0 . 5 0 < . 5 0 < . 5 0 . 5 0 < . 5 0 1 . 0 0 

Z r 1 6 5 2 6 5 1 8 4 7 8 9 5 1 9 4 8 0 1 8 5 

Nb 6 4 2 2 2 2 1 3 

Y 1 1 4 3 1 4 2 1 12 

L a 4 0 2 2 47 12 15 3 4 18 5 5 

C e 7 7 3 4 79 1 8 2 4 5 8 2 8 9 5 

Nd 2 9 1 0 2 1 5 8 16 7 2 9 

S c 2 0 12 6 4 3 5 8 5 

V 1 0 7 8 8 2 7 7 1 1 2 3 1 5 18 

C r 2 8 2 5 8 < 2 3 4 1 1 8 

N i 1 1 5 1 9 < 2 2 3 1 1 4 

Cu 9 2 2 2 4 1 4 7 3 8 

Zn 6 6 76 3 5 1 5 1 7 2 7 2 0 1 5 

S n < 1 1 < 1 < 1 < 1 < 1 < 1 < 1 

Ga 1 8 2 0 15 1 8 2 0 17 14 16 

S 1 0 0 4 0 0 1 0 0 < 1 0 0 < 1 0 0 1 0 0 1 0 0 0 < 1 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

C l a s s i f i c a t i o n 

8 6 2 8 5 8 0 1 

O b r u c h e v 

H i l l s C 

O p - Q z - P l -

Kf g n e i s s 

D e p l e t e d 

g r a n i t e 

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

lkm S  o f A l g a e 

E d g e w o r t h L a k e N E 

D a v i d 

O p - P l - Q z - B i - O p - Q z -

Kf g n e i s s K f - P l 

g n e i s s 

D e p l e t e d D e p l e t e d 

g r a n i t e g r a n i t e 

8 6 2 8 6 2 4 1 

3km S E o f 

D o b r o w o l -

s k i 

B i - P l - Q z -

Kf g n e i s s 

D e p l e t e d 

g r a n i t e 

8 6 2 8 5 6 2 8 

T h o m a s 

I s l a n d N 

O p - K f - P l -

Qz g n e i s s 

8 6 2 8 5 8 4 4 

S a t u r n 

I s l a n d 

8 6 2 8 5 8 5 8 

F u l l e r 

I s l a n d S 

B i - O p - P l - O p - Q z - P l 

K f - Q z g n e i s s 

g n e i s s 

8 6 2 8 5 8 7 0 

A v i a t o r o v 

P e n i n s u l a 

s 

C p - O p - B i -

P l - Q z 

g n e i s s 

s i o 2 7 3 . 2 0 7 0 . 8 0 6 5 . 1 0 7 1 . 0 0 7 3 . 4 0 7 9 . 6 0 7 2 . 7 0 6 9 . 8 0 

T i 0 2 . 2 1 . 2 9 . 5 7 . 3 3 . 7 3 . 1 7 . 3 6 . 7 6 

A l 2 ° 3 
1 4 . 0 0 1 5 . 3 1 1 5 . 3 2 1 4 . 9 6 1 1 . 6 6 1 0 . 7 4 1 4 . 1 1 9 . 2 8 

F e 2 ° 3 
. 9 0 . 7 5 1 . 4 2 . 3 2 1 . 0 1 . 6 2 . 9 5 . 8 4 

FeO . 8 1 . 8 4 3 . 3 5 1 . 0 4 3 . 2 5 1 . 1 2 1 . 4 8 4 . 0 2 

MnO . 0 3 . 0 2 . 0 8 . 0 1 . 0 6 . 0 3 . 0 2 . 1 0 

MgO . 5 1 . 5 1 2 . 4 1 . 5 4 1 . 6 4 . 9 4 1 . 3 0 5 . 1 7 

CaO 2 . 2 8 1 . 9 0 2 . 9 1 2 . 0 3 2 . 6 8 1 . 3 2 5 . 1 4 7 . 3 6 

N a 2 0 3 . 1 0 3 . 8 0 2 . 9 1 2 . 8 7 3 . 0 2 2 . 1 6 2 . 4 9 . 5 4 

K 2 0 3 . 9 2 4 . 8 5 4 . 3 1 5 . 7 2 1 . 7 7 2 . 6 7 . 5 7 . 5 8 

P 2 ° 5 
. 0 6 . 0 8 . 1 8 . 1 3 . 1 0 . 0 4 . 0 1 . 1 0 

LOI . 4 8 . 5 5 . 9 6 . 5 3 . 4 9 . 6 7 . 5 8 1 . 3 7 

R e s t . 3 4 . 3 4 . 3 4 . 3 6 . 2 2 . 1 9 . 2 0 . 1 5 

T o t a l 9 9 . 8 4 1 0 0 . 0 4 9 9 . 8 6 9 9 . 8 4 1 0 0 . 0 3 1 0 0 . 2 7 9 9 . 9 1 1 0 0 . 0 7 

0 = F , S , C 1 . 0 0 . 0 0 . 0 2 . 0 0 . 0 1 . 0 1 . 0 2 . 0 0 

T o t a l 9 9 . 8 3 1 0 0 . 0 4 9 9 . 8 4 9 9 . 8 4 1 0 0 . 0 1 1 0 0 . 2 6 9 9 . 8 9 1 0 0 . 0 7 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 1 9 0 2 1 6 9 6 1 3 6 9 2 0 2 0 3 7 9 7 6 8 2 9 2 2 6 2 

Rb 7 4 8 3 9 3 1 2 8 2 8 59 5 4 9 

S r 5 1 7 5 4 9 4 0 1 4 0 6 1 9 7 2 2 4 5 1 5 1 1 4 

P b 16 46 19 3 5 9 3 4 5 5 

Th 4 3 5 7 1 1 2 3 < 1 < 1 1 

U < . 5 0 . 5 0 < . 5 0 1 . 0 0 1 . 0 0 < . 5 0 . 5 0 1 . 0 0 

Z r 1 4 1 2 1 9 1 9 4 2 7 5 4 0 0 1 0 2 2 0 1 2 9 0 

Nb < 1 5 5 8 1 8 1 2 8 

Y 4 3 12 1 1 19 7 2 2 1 

La 3 5 6 0 5 3 4 0 79 37 12 1 8 

Ce 52 1 0 0 97 7 4 1 5 9 62 2 2 39 

Nd 14 27 34 26 59 18 7 2 0 

S c 5 5 14 4 9 7 8 17 

V 17 18 7 0 1 5 4 3 19 6 4 8 1 

c r 5 4 34 3 16 2 5 2 2 1 0 3 

Ni 1 0 4 1 3 5 1 1 18 9 2 6 

Cu 5 12 2 4 5 13 1 1 15 4 

Zn 17 3 1 55 3 1 42 2 4 2 2 4 9 

S n < 1 < 1 < 1 < 1 1 1 < 1 1 

Ga 1 3 18 15 16 16 1 1 15 1 1 

S 1 0 0 < 1 0 0 4 0 0 < 1 0 0 3 0 0 2 0 0 5 0 0 1 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

C l a s s i f i c a t i o n 

8 6 2 8 5 6 0 8 

C u r r i t u c k 

I s l a n d 

G t - P l - Q z -

Kf g n e i s s 

8 6 2 8 5 6 1 0 

C u r r i t u c k 

I s l a n d 

G t - P l - Q z -

Kf g n e i s s 

8 6 2 8 5 6 3 9 

T h o m a s 

I s l a n d S W 

B i - G t - X f -

P l - Q z 

g n e i s s 

8 6 2 8 5 6 6 9 

D i e g l m a n 

I s l a n d 

G t - B i - P l -

K f - Q z 

g n e i s s 

8 6 2 8 5 6 7 3 

D i e g l m a n 

I s l a n d N 

G t - K f - P l -

Qz g n e i s s 

8 6 2 8 5 6 7 9 

W o f L a k e 

D o l g o e 

G t - O p - K f -

Q z - P l 

g n e i s s 

8 6 2 8 5 6 8 4 

4km S  o f 

E d g e w o r t h 

D a v i d 

G t - Q z - P l 

g n e i s s 

8 6 2 8 5 8 1 9 

l k m s  o f 

E d g e w o r t h 

D a v i d 

B i - G t - P l -

Qz g n e i s s 

S i 0 2 7 3 . 1 0 6 3 . 8 0 6 8 . 9 0 7 7 . 5 0 6 5 . 7 0 6 1 . 8 0 7 6 . 6 0 6 9 . 8 0 

T i 0 2 . 5 0 . 7 6 . 6 8 . 1 7 . 5 4 . 6 8 . 2 4 . 6 6 

A l 2 ° 3 
1 2 . 7 1 1 2 . 8 9 1 5 . 2 1 1 1 . 5 8 1 3 . 5 5 1 6 . 4 2 1 2 . 7 7 1 4 . 0 9 

F 6 2 ° 3 
. 9 1 4 . 9 7 . 9 9 . 2 4 2 . 6 5 1 . 1 9 . 2 8 . 7 4 

FeO 2 . 6 2 9 . 2 2 2 . 8 8 1 . 2 6 7 . 5 1 5 . 4 1 1 . 9 0 4 . 3 4 

MnO . 0 9 . 2 9 . 0 5 . 0 3 1 . 5 0 . 1 1 . 0 5 . 1 0 

MgO . 9 0 2 . 4 4 1 . 6 7 1 . 2 9 2 . 5 1 4 . 6 3 . 7 5 1 . 9 8 

CaO 1 . 7 2 1 . 0 0 2 . 8 3 1 . 3 1 2 . 7 4 3 . 8 6 1 . 6 4 3 . 4 7 

N a 2 ° 
1 . 6 2 1 . 2 0 3 . 1 3 2 . 1 0 1 . 4 4 3 . 2 2 3 . 8 8 2 . 6 2 

K 2 0 4 . 5 9 3 . 2 7 2 . 4 9 3 . 7 1 1 . 2 6 1 . 8 9 1 . 0 5 1 . 3 3 

P 2 ° 5 
. 1 1 . 1 1 . 0 5 . 0 1 . 2 0 . 0 9 . 0 6 . 1 0 

LOI . 3 9 . 3 3 . 6 1 . 7 5 . 3 3 . 8 0 . 3 0 . 8 2 

R e s t . 1 9 . 2 4 . 3 1 . 2 2 . 2 5 . 2 3 . 1 1 . 2 1 

T o t a l 9 9 . 4 5 1 0 0 . 5 2 9 9 . 8 0 1 0 0 . 1 7 1 0 0 . 1 8 1 0 0 . 3 3 9 9 . 6 3 1 0 0 . 2 6 

0 = F , S , C 1 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 1 . 0 0 . 0 2 

T o t a l 9 9 . 4 5 1 0 0 . 5 2 9 9 . 7 8 1 0 0 . 1 7 1 0 0 . 1 7 1 0 0 . 3 2 9 9 . 6 2 1 0 0 . 2 4 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 9 2 1 8 4 7 9 5 6 7 9 4 1 2 6 6 6 3 3 2 1 2 3 1 1 

Rb 1 4 9 1 0 2 5 7 8 3 2 3 4 0 9 52 

S r 1 1 0 1 4 0 3 3 0 4 3 1 3 2 3 5 4 1 8 3 2 3 2 

P b 2 2 2 0 22 4 3 18 1 1 2 0 16 

Th < 1 17 2 7 2 0 7 1 3 7 12 

U . 5 0 1 . 0 0 . 5 0 2 . 0 0 < . 5 0 1 . 0 0 . 5 0 1 . 0 0 

Z r 1 9 7 2 5 0 2 6 3 3 9 3 1 8 4 1 4 8 1 8 2 2 6 7 

Nb 6 7 7 1 4 9 5 3 6 

Y 3 2 3 7 14 3 2 3 2 19 12 2 2 

La 2 7 4 3 9 3 6 9 3 7 4 2 3 4 4 2 

C e 4 8 8 6 1 9 6 1 3 6 7 8 8 1 6 7 8 7 

Nd 16 3 3 7 4 5 3 2 8 2 8 2 4 3 2 

S c 8 12 9 4 1 0 19 7 16 

V 3 1 8 0 6 1 2 5 2 1 1 4 14 1 1 0 

C r 16 1 3 5 2 6 2 6 3 4 9 2 6 4 

N i 7 3 4 1 4 6 12 19 2 1 3 

Cu 4 8 17 9 5 10 6 16 

Zn 2 1 49 6 1 4 8 4 4 6 2 16 5 4 

S n < 1 2 1 2 1 < 1 1 < 1 

Ga 12 14 16 16 1 4 1 8 1 3 17 

S < 1 0 0 1 0 0 4 0 0 1 0 0 1 0 0 3 0 0 1 0 0 4 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

C l a s s i f i c a t i o n 

8 6 2 8 5 8 2 5 

l k m E  o f 

E d g e w o r t h 

D a v i d 

B i - G t - K f -

Qz g n e i s s 

8 6 2 8 5 8 5 4 

F u l l e r 

I s l a n d S 

B i - G t - O p -

Q z - P l 

g n e i s s 

8 6 2 8 5 8 5 6 

F u l l e r 

I s l a n d S 

B i - G t - P l -

Q z - K f 

g n e i s s 

8 6 2 8 5 8 7 1 

A v i a t o r o v 

P e n i n s u l a 

S 

G t - O p - P l -

K f - Q z 

g n e i s s 

8 6 2 8 5 8 9 9 

P a z C o v e 

SE 

B i - G t - Q z -

P l g n e i s s 

8 6 2 8 5 9 0 7 

l k m S  o f 

E d g e w o r t h 

D a v i d 

B i - G t - P l -

Q z - K f 

g n e i s s 

8 6 2 8 5 9 6 1 

W o f L a k e 

D o l g o e 

B i - G t - P l -

Q z - K f 

g n e i s s 

8 6 2 8 5 9 8 2 

H i g h j u m p 

A r c h i p e l -

a g o N E 

G t - Q z - P l 

g n e i s s 

s i o 2 7 5 . 6 0 6 1 . 5 0 7 2 . 1 0 6 9 . 0 0 6 4 . 0 0 6 9 . 7 0 7 3 . 7 0 7 5 . 0 0 

T i 0 2 . 5 3 . 7 9 . 2 5 . 9 3 1 . 7 7 . 6 1 . 1 3 . 0 6 

A l 2 ° 3 
1 1 . 2 8 1 7 . 8 7 1 4 . 5 0 1 2 . 8 0 1 5 . 5 1 1 4 . 2 0 1 4 . 4 1 1 4 . 0 4 

F e 2 ° 3 
. 3 5 . 8 9 . 2 1 1 . 1 6 . 9 6 . 3 1 . 1 9 . 2 7 

FeO 3 . 3 2 5 . 0 0 2 . 3 4 4 . 9 7 7 . 7 8 3 . 6 7 1 . 6 7 1 . 7 4 

MnO . 0 8 . 0 4 . 0 9 . 1 0 . 2 5 . 0 6 . 0 3 . 0 5 

MgO 1 . 3 9 3 . 1 1 . 9 9 2 . 2 4 2 . 0 1 2 . 2 7 . 6 1 . 7 6 

CaO . 3 3 3 . 8 0 1 . 9 0 2 . 3 7 2 . 6 6 1 . 5 2 1 . 5 8 3 . 0 4 

N a 2 ° 
1 . 2 6 3 . 8 4 3 . 1 1 2 . 1 1 3 . 3 0 2 . 2 4 3 . 2 5 3 . 3 0 

K 2 0 5 . 6 5 2 . 1 8 3 . 7 2 3 . 3 8 1 . 0 0 4 . 4 6 4 . 0 6 1 . 4 1 

P 2 ° 5 
. 0 4 . 0 4 . 0 7 . 1 5 . 1 2 . 0 6 . 0 7 . 0 4 

LOI . 4 2 . 7 1 . 5 1 . 5 5 . 5 3 . 7 5 . 3 4 . 3 3 

R e s t . 2 4 . 2 8 . 1 5 . 3 6 . 3 1 . 2 5 . 1 8 . 0 8 

T o t a l 1 0 0 . 4 9 1 0 0 . 0 5 9 9 . 9 4 1 0 0 . 1 2 1 0 0 . 2 0 1 0 0 . 1 0 1 0 0 . 2 2 1 0 0 . 1 2 

0 = F , S , C 1 . 0 1 . 0 1 . 0 0 . 0 3 . 0 2 . 0 0 . 0 0 . 0 0 

T o t a l 1 0 0 . 4 8 1 0 0 . 0 4 9 9 . 9 3 1 0 0 . 0 9 1 0 0 . 1 8 1 0 0 . 1 0 1 0 0 . 2 2 1 0 0 . 1 2 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 1 5 7 7 4 9 8 8 0 3 4 1 5 6 6 9 3 3 

S r 1 4 8 4 6 8 2 0 2 1 2 2 1 7 9 2 6 9 2 4 7 1 7 1 

P b 2 2 2 2 3 1 12 2 6 3 0 2 5 2 2 

Th 2 0 3 1 12 2 1 1 0 9 17 9 < 1 

U 1 . 0 0 1 . 0 0 1 . 5 0 1 . 5 0 4 . 0 0 1 . 5 0 . 5 0 1 . 0 0 

Zr 2 5 9 1 1 9 9 0 4 4 2 5 1 0 2 1 0 5 5 6 1 

Nb 6 12 4 4 0 4 1 9 3 < 1 

Y 3 3 1 1 17 9 5 5 7 15 18 3 2 

La 46 8 5 32 9 5 1 6 8 42 2 7 14 

Ce 86 1 9 6 69 1 9 7 3 6 9 8 3 5 6 26 

Nd 32 8 2 2 7 82 1 4 8 3 1 2 0 9 

s c 8 1 5 9 12 2 5 9 5 12 

V 6 1 1 1 7 3 5 6 7 1 2 1 7 3 7 1 0 

C r 72 49 8 2 0 2 4 6 1 7 1 8 

N i 14 10 3 2 0 7 19 4 1 1 

CU 12 7 6 2 3 15 12 5 7 

Zn 3 3 96 32 1 1 5 8 4 5 9 16 12 

S n < 1 < 1 < 1 < 1 1 < 1 < 1 < 1 

Ga 12 2 4 16 2 2 2 0 17 16 1 4 

S 2 0 0 2 0 0 1 0 0 6 0 0 4 0 0 1 0 0 < 1 0 0 < 1 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

C l a s s i f i c a t i o n 

8 6 2 8 5 9 9 5 8 6 2 8 6 0 5 6 8 6 2 8 6 0 6 9 8 6 2 8 6 0 7 4 8 6 2 8 6 2 4 9 8 6 2 8 6 2 5 2 8 6 2 8 6 2 6 2 8 6 2 8 5 6 0 6 

R a k e t a M i l e s P a z C o v e P a z C o v e Z a b y t y y H u s k y D o g S a m o y l o v - C u r r i t u c k 

I s l a n d I s l a n d E  N E N E I s l a n d I s l a n d i c h a I s l a n d 

I s l a n d s 

O p - G t - Q z - O p - G t - K f - G t - K f - Q z - G t - B i - K f - G t - O p - Q z - G t - O p - K f - G t - B i - P l - S i - G t 

P i g n e i s s Q z - P l P i g n e i s s Q z - P l P i g n e i s s Q z - P l K f - Q z p e l i t e 

g n e i s s g n e i s s g n e i s s g n e i s s 

S i 0 2 6 8 . 5 0 6 5 . 4 0 6 0 . 2 0 6 6 . 3 0 6 6 . 4 0 6 7 . 6 0 7 2 . 6 0 7 2 . 2 0 

T i 0 2 . 4 4 . 9 6 2 . 2 6 1 . 2 1 . 3 1 . 7 3 . 7 4 1 . 0 0 

A 1 2 0 3 1 3 . 5 5 1 4 . 7 4 1 7 . 0 6 1 4 . 0 9 1 6 . 4 6 1 4 . 4 8 1 2 . 3 7 1 3 . 6 9 

F e 2 ° 3 
1 . 3 4 . 7 6 1 . 1 5 1 . 1 6 . 7 2 1 . 7 4 1 . 6 9 1 . 9 8 

FeO 7 . 5 6 5 . 9 7 9 . 5 6 5 . 8 1 3 . 5 6 3 . 2 8 3 . 0 6 4 . 4 3 

MnO . 3 3 . 1 3 . 2 9 . 1 4 . 0 8 . 0 9 . 1 2 . 1 2 

MgO 3 . 3 5 2 . 9 8 2 . 0 4 1 . 5 5 2 . 5 2 2 . 3 3 1 . 6 7 2 . 2 1 

CaO 1 . 1 0 3 . 4 9 4 . 2 4 3 . 8 9 3 . 8 8 2 . 4 0 2 . 0 6 . 2 0 

N a 2 0 2 . 5 2 2 . 7 1 1 . 9 8 2 . 1 4 2 . 8 4 3 . 7 4 2 . 5 3 . 8 3 

K 2 0 1 . 1 2 1 . 6 7 . 9 9 2 . 0 1 2 . 2 0 2 . 4 2 1 . 5 7 3 . 1 7 

P 2 ° 5 
. 0 2 . 0 3 . 0 3 . 3 6 . 0 6 . 0 5 . 0 3 . 0 2 

LOI . 4 5 . 6 9 . 4 5 . 9 2 . 6 9 . 7 5 . 7 3 . 2 7 

R e s t . 1 2 . 3 3 . 4 0 . 3 9 . 2 3 . 2 5 . 2 1 . 2 5 

T o t a l 1 0 0 . 4 0 9 9 . 8 6 1 0 0 . 6 5 9 9 . 9 7 9 9 . 9 5 9 9 . 8 6 9 9 . 3 8 1 0 0 . 3 7 

0 = F , S , C 1 . 0 0 . 0 5 . 0 3 . 0 2 . 0 1 . 0 1 . 0 0 . 0 0 

T o t a l 1 0 0 . 3 9 9 9 . 8 1 1 0 0 . 6 2 9 9 . 9 4 9 9 . 9 4 9 9 . 8 5 9 9 . 3 8 1 0 0 . 3 6 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 9 4 8 14 46 6 0 4 0 3 2 1 0 7 

S r 1 3 5 3 1 7 4 2 4 3 1 2 5 9 1 3 3 8 3 0 8 4 8 

P b 1 1 12 17 16 1 5 17 12 12 

Th 2 1 1 < 1 < 1 8 < 1 5 5 

U . 5 0 . 5 0 < . 5 0 < . 5 0 . 5 0 < . 5 0 1 . 0 0 1 . 0 0 

Z r 1 4 9 2 0 3 1 4 9 2 9 9 8 4 2 3 3 2 3 2 4 6 4 

Nb 4 1 0 2 1 15 4 9 8 1 3 

Y 2 5 14 1 9 3 2 9 1 8 1 5 14 2 4 

L a 3 2 5 0 3 3 3 7 3 2 3 5 2 7 2 6 

C e 5 5 1 0 5 5 4 6 9 6 0 6 8 5 6 4 6 

Nd 1 7 3 9 17 3 4 2 2 19 19 1 4 

S c 1 1 16 4 1 19 1 1 1 3 1 0 1 1 

V 4 4 1 2 8 1 3 2 1 0 1 6 8 9 3 9 4 9 8 

C r 4 3 9 5 18 2 4 16 1 3 5 1 2 3 1 1 1 

N i 7 2 4 2 1 8 12 4 6 32 12 

CU 1 32 2 5 15 1 5 9 14 3 

Zn 3 1 9 2 4 3 8 0 4 8 6 1 4 4 4 2 

S n < 1 < 1 < 1 1 < 1 1 1 < 1 

Ga 1 2 2 0 1 5 1 7 1 8 16 12 17 

S 1 0 0 1 1 0 0 6 0 0 5 0 0 2 0 0 2 0 0 < 1 0 0 1 0 0 
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C l a s s i f i c a t i o n 

Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

8 6 2 8 5 6 0 7 

C u r r i t u c k 

I s l a n d 

S i - G t 

p e l i t e 

8 6 2 8 5 6 3 1 

T h o m a s 

I s l a n d N 

S i - B i - G t 

p e l i t e 

8 6 2 8 5 6 3 4 

T h o m a s 

I s l a n d N 

C d - S i - G t 

p e l i t e 

8 6 2 8 5 6 3 8 

T h o m a s 

I s l a n d S W 

B i - S i - G t 

p e l i t e 

8 6 2 8 5 6 4 2 

T h o m a s 

I s l a n d S W 

B i - C d - G t 

p e l i t e 

8 6 2 8 5 6 5 9 

T h o m a s 

I s l a n d E 

G t - C d 

p e l i t e 

8 6 2 8 5 6 6 2 

T h o m a s 

I s l a n d E 

G t - C d 

p e l i t e 

8 6 2 8 5 6 9 1 

l k m S  o f 

E d g e w o r t h 

D a v i d 

C d - G t - B i -

s i p e l i t e 

s i o 2 5 6 . 3 0 6 8 . 8 0 5 8 . 0 0 6 8 . 1 0 6 6 . 4 0 6 6 . 3 0 6 7 . 6 0 6 6 . 3 0 

T i 0 2 1 . 5 4 . 9 8 . 9 4 . 7 6 . 9 4 . 9 5 . 7 0 . 8 2 

A l 2 ° 3 
2 3 . 4 5 1 3 . 9 7 2 0 . 6 3 1 5 . 9 3 1 5 . 4 6 1 6 . 2 4 1 6 . 0 3 1 6 . 7 3 

F 8 2 ° 3 
3 . 4 9 2 . 3 7 3 . 9 0 1 . 7 3 3 . 5 3 2 . 8 3 3 . 2 5 2 . 8 0 

F e O 7 . 7 9 4 . 7 3 6 . 1 4 4 . 9 3 3 . 9 8 4 . 3 2 2 . 7 6 4 . 1 8 

MnO . 1 1 . 1 2 . 4 1 . 2 1 . 1 8 . 2 4 . 1 0 . 1 6 

MgO 3 . 0 9 2 . 6 6 3 . 6 9 2 . 7 1 2 . 7 6 2 . 4 6 1 . 7 0 2 . 6 4 

CaO 2 . 0 7 . 9 2 . 9 8 1 . 4 6 1 . 6 3 . 8 7 1 . 7 5 . 5 5 

N a 2 0 1 . 0 0 1 . 3 2 . 3 7 . 6 9 1 . 8 0 1 . 7 4 2 . 6 8 . 8 0 

K 2 0 . 3 1 2 . 5 9 3 . 9 1 2 . 2 1 2 . 5 4 3 . 2 2 2 . 2 7 3 . 7 0 

P 2 ° 5 
. 0 5 . 0 3 . 1 0 . 0 5 . 0 4 . 0 3 . 0 4 . 0 4 

LOI . 7 6 . 5 8 . 8 2 . 7 6 1 . 0 8 . 8 4 . 7 5 1 . 1 5 

R e s t . 2 4 . 2 6 . 3 0 . 2 5 . 2 8 . 2 6 . 2 7 . 3 3 

T o t a l 1 0 0 . 2 0 9 9 . 3 3 1 0 0 . 1 9 9 9 . 7 9 1 0 0 . 6 2 1 0 0 . 3 0 9 9 . 9 0 1 0 0 . 2 0 

0 = F , S , C l . 0 1 . 0 1 . 0 0 . 0 1 . 0 0 . 0 0 . 0 1 . 0 3 

T o t a l 1 0 0 . 1 9 9 9 . 3 2 1 0 0 . 1 9 9 9 . 7 8 1 0 0 . 6 1 1 0 0 . 3 0 9 9 . 8 9 1 0 0 . 1 7 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 1 0 99 2 0 1 1 2 3 1 0 7 8 9 8 0 1 2 7 

S r 82 1 0 7 79 8 7 1 5 5 1 4 5 3 2 8 1 5 8 

P b 7 11 18 1 3 1 3 3 1 2 2 19 

T h 7 1 1 19 19 1 3 1 1 3 1 8 

U < . 5 0 . 5 0 1 . 0 0 . 5 0 . 5 0 1 . 0 0 1 . 0 0 1 . 0 0 

Z r 2 6 5 3 7 2 1 7 6 2 0 3 2 8 1 3 5 7 2 3 6 2 4 1 

Nb 19 9 1 1 12 9 10 8 10 

y 3 2 4 1 4 5 18 3 0 2 9 1 5 3 2 

L a 3 3 49 4 4 4 1 5 2 3 5 5 7 4 8 

C e 66 9 8 86 8 2 1 0 9 5 8 1 1 7 9 4 

Nd 2 8 36 3 3 3 1 4 1 16 4 0 3 4 

S c 2 6 16 2 0 1 1 16 1 4 1 0 1 4 

V 1 9 4 1 0 3 1 5 0 1 1 5 1 1 1 1 0 2 6 9 9 5 

C r 4 3 0 1 4 4 1 2 9 8 9 2 5 6 1 1 9 7 3 1 0 4 

N i 52 42 5 1 46 5 5 3 4 2 8 39 

CU 1 3 2 9 7 2 8 2 7 1 1 2 9 

Zn 7 5 4 8 9 0 8 7 6 2 7 7 5 0 5 8 

S n 1 3 3 < 1 2 2 4 2 

Ga 32 15 2 5 2 4 18 2 1 2 2 2 1 

S 2 0 0 2 0 0 1 0 0 2 0 0 1 0 0 1 0 0 2 0 0 6 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

8 6 2 8 5 8 5 2 8 6 2 8 5 8 6 8 8 6 2 8 5 8 7 6 8 6 2 8 5 8 9 5 8 6 2 8 5 9 6 3 8 6 2 8 6 0 6 3 

F u l l e r A v i a t o r o v 2k m S E o f P a z C o v e 6k m S  o f V e r t o l e t -

I s l a n d P e n i n s u l a D o b r o w o l - S E E d g e w o r t h n y y 

S s k i D a v i d P e n i n s u l a 

S p - G t - C d B i - G t - C d S i - G t - C d S i - G t - C d S i - G t - C d G t - S i - C d 

8 6 2 8 6 2 1 4 8 6 2 8 6 2 5 1 

A l g a e Z a b y t y y 

L a k e N E I s l a n d 

B i - S i - G t B i - G t - C d 

p e l i t e p e l i t e p e l i t e p e l i t e p e l i t e p e l i t e p e l i t e p e l i t e 

C l a s s i f i c a t i o n 

S i 0 2 
5 7 . 4 0 6 6 . 5 0 6 4 . 8 0 7 5 . 3 0 7 0 . 0 0 6 7 . 8 0 6 5 . 7 0 7 7 . 6 0 

T i 0 2 1 . 3 4 . 9 2 1 . 1 6 . 8 2 . 9 3 . 7 6 . 9 6 1 . 0 4 

A l 2 ° 3 
2 0 . 8 1 1 4 . 0 8 1 6 . 2 8 1 2 . 8 9 1 5 . 4 6 1 5 . 5 8 1 7 . 0 9 1 0 . 2 3 

F e 2 ° 3 
5 . 4 3 1 . 0 1 3 . 3 9 . 9 8 . 9 7 2 . 5 9 . 5 3 1 . 3 0 

FeO 8 . 0 1 6 . 2 4 5 . 6 5 5 . 5 3 5 . 7 1 3 . 6 0 6 . 6 6 3 . 2 9 

MnO . 4 4 . 1 2 . 3 1 . 0 7 . 0 9 . 1 2 . 1 1 . 0 6 

MgO 4 . 4 6 3 . 3 8 3 . 0 9 3 . 1 2 3 . 6 1 1 . 9 6 2 . 3 1 1 . 8 4 

CaO . 5 0 . 5 2 . 9 8 . 0 7 . 2 4 1 . 0 2 . 4 9 . 8 1 

N a 2 0 . 5 9 . 9 0 1 . 2 2 . 1 8 . 2 5 1 . 9 1 . 9 1 1 . 0 2 

K 2 0 . 4 0 4 . 8 7 2 . 4 1 . 1 5 1 . 2 4 3 . 6 2 4 . 6 8 1 . 5 7 

P 2 ° 5 
. 0 2 . 0 3 . 0 2 . 0 2 . 0 3 . 0 5 . 0 4 . 0 1 

LOI . 9 1 1 . 1 7 . 6 6 . 6 1 1 . 0 7 1 . 0 4 . 7 8 . 8 1 

R e s t . 1 8 . 3 0 . 2 9 . 1 1 . 1 7 . 2 4 . 2 5 . 1 7 

T o t a l 1 0 0 . 4 9 1 0 0 . 0 4 1 0 0 . 2 6 9 9 . 8 5 9 9 . 7 7 1 0 0 . 2 9 1 0 0 . 5 1 9 9 . 7 5 

0 = F , S , C l . 0 1 . 0 2 . 0 0 . 0 0 . 0 1 . 0 0 . 0 1 . 0 0 

T o t a l 1 0 0 . 4 8 1 0 0 . 0 2 1 0 0 . 2 5 9 9 . 8 5 9 9 . 7 6 1 0 0 . 2 9 1 0 0 . 5 0 9 9 . 7 5 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 14 1 5 5 76 18 4 0 1 1 7 1 4 5 57 

S r 6 2 1 3 3 1 7 8 1 1 3 1 1 5 3 76 7 5 

P b 4 2 1 15 2 5 2 8 2 2 8 

Th 1 3 1 0 3 3 19 1 0 6 

U < . 5 0 1 . 5 0 < . 5 0 . 5 0 1 . 0 0 1 . 0 0 1 . 0 0 . 5 0 

Z r 2 1 7 2 9 7 3 5 8 2 6 7 2 4 0 3 0 0 3 2 0 3 9 9 

Nb 4 1 0 9 1 1 8 8 1 3 1 3 

Y 5 3 6 4 6 2 7 3 1 3 1 4 6 17 

L a 1 4 2 5 49 9 1 1 5 7 4 4 2 7 

C e 2 4 4 0 9 3 16 19 1 1 2 8 5 5 5 

Nd 8 1 3 3 1 8 8 4 1 2 7 2 0 

S c 16 1 5 2 1 1 0 1 5 1 0 1 4 8 

V 2 1 2 1 1 6 1 2 1 1 0 0 1 3 1 8 3 1 0 2 8 2 

c r 2 1 7 9 6 1 5 7 1 0 1 99 9 5 9 0 76 

N i 6 4 19 4 5 19 2 6 3 5 3 5 2 5 

Cu 19 2 2 1 0 3 2 2 8 1 3 4 

Zn 1 4 3 7 6 6 6 3 4 6 4 6 0 5 5 4 7 

S n < 1 < 1 4 < 1 < 1 2 < 1 3 

Ga 3 9 1 8 2 1 16 2 1 1 9 2 2 16 

S 2 0 0 5 0 0 1 0 0 < 1 0 0 2 0 0 < 1 0 0 2 0 0 1 0 0 
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Bunger Hills Metamorphic Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

8 6 2 8 6 2 6 4 

N o f 

R o c k e t 

I s l a n d 

G t - S i - B i -

Cd p e l i t e 

8 6 2 8 6 2 7 0 

M a r s 

I s l a n d 

B i - C d 

p e l i t e 

8 6 2 8 5 6 4 5 

T h o m a s 

I s l a n d N W 

B i - G t - P l 

q u a r t z i t e 

C l a s s i f i c a t i o n 

s i o 2 8 5 . 1 0 7 6 . 2 0 8 2 . 5 0 

T i 0 2 
. 3 7 . 1 3 . 9 4 

A 1 2 0 3 7 . 7 2 1 2 . 1 6 6 . 3 5 

F 6 2 ° 3 
. 2 5 . 6 5 . 7 3 

FeO 1 . 3 3 1 . 0 9 4 . 5 5 

MnO . 0 2 . 0 3 . 0 9 

MgO 1 . 0 5 1 . 5 5 1 . 9 6 

CaO . 4 1 . 4 8 . 9 0 

N a 2 ° 
. 6 3 1 . 3 2 . 4 1 

K 2 0 1 . 6 2 4 . 6 4 . 5 2 

P 2 ° 5 
. 0 1 . 0 1 . 0 3 

LOI . 8 4 . 8 1 . 5 5 

R e s t . 1 2 . 4 6 . 2 0 

T o t a l 9 9 . 4 7 9 9 . 5 3 9 9 . 7 3 

0 = F , S , C l . 0 0 . 0 8 . 0 4 

T o t a l 9 9 . 4 7 9 9 . 4 5 9 9 . 6 8 

T r a c e e l e m e n t s i n p a r t s p e r m i ] 

Ba 4 0 8 1 7 7 1 1 4 3 

Rb 69 1 0 8 2 4 

S r 96 7 2 2 7 

P b 8 1 4 2 4 

Th 1 3 19 5 

U 1 . 0 0 1 . 5 0 < . 5 0 

Zr 2 0 0 1 0 8 1 9 2 

Nb 8 7 1 3 

Y 2 5 4 19 

La 2 1 3 4 19 

Ce 42 5 5 3 5 

Nd 16 1 3 14 

S c 5 < 3 10 

V 2 0 3 1 1 8 

Cr 19 < 2 7 5 

N i 6 5 2 1 

Cu 5 2 4 18 

Zn 2 2 1 6 5 4 7 

S n 1 2 < 1 

Ga 8 1 3 7 

S < 1 0 0 1 7 0 0 9 0 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 6 2 3 1 8 6 2 8 6 2 3 2 8 6 2 8 5 9 3 2 8 6 2 8 5 9 4 4 8 6 2 8 5 9 3 7 8 6 2 8 5 9 4 2 8 6 2 8 5 9 4 7 8 6 2 8 5 9 5 3 

L o c a l i t y G r a c e G r a c e 4km S W o f 2km S W o f 5km S W o f 2km S W o f 2km S W o f 6km S W o f 

R o c k s R o c k s D o b r o w o l - D o b r o w o l - D o b r o w o l - D o b r o w o l - D o b r o w o l - D o b r o w o l -

s k i s k i s k i s k i s k i s k i 

L i t h o l o g y C p - O p C p - O p B i - C p - O p H b - C p - O p B i - C p - O p H b - C p - O p H b - C p - O p B i - C p - O p 

q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z 

m o n z o n i t e m o n z o g a b b . g a b b r o g a b b r o m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . 

I n t r u s i o n A l g a e A l g a e A l g a e A l g a e A l g a e A l g a e 

L a k e L a k e L a k e L a k e L a k e L a k e 

p l u t o n p l u t o n p l u t o n p l u t o n p l u t o n p l u t o n 

S i 0 2 5 8 . 4 0 5 6 . 7 0 5 2 . 0 0 5 4 . 8 0 5 6 . 1 0 5 8 . 6 0 5 8 . 8 0 5 3 . 6 0 

T i 0 2 1 . 9 2 2 . 1 0 . 7 7 . 7 3 1 . 5 4 1 . 8 6 1 . 7 9 2 . 7 9 

A l 2 ° 3 
1 3 . 7 4 1 4 . 1 4 1 7 . 1 4 1 8 . 6 7 1 5 . 3 4 1 4 . 3 4 1 4 . 9 3 1 5 . 7 8 

F e 2 ° 3 
2 . 7 8 3 . 6 7 1 . 3 4 1 . 5 2 3 . 6 1 2 . 1 1 1 . 9 3 2 . 8 5 

F e O 7 . 4 1 7 . 2 0 7 . 9 0 7 . 0 5 7 . 1 8 7 . 6 4 7 . 3 1 8 . 5 4 

MnO . 2 0 . 2 2 . 1 8 . 1 6 . 2 4 . 1 8 . 1 8 . 2 1 

MgO 2 . 7 2 3 . 2 4 7 . 2 8 3 . 8 1 3 . 9 2 2 . 7 5 2 . 9 0 3 . 4 3 

CaO 5 . 7 5 6 . 1 7 8 . 8 2 8 . 1 5 6 . 7 4 5 . 9 8 6 . 0 1 6 . 6 3 

N a 2 0 2 . 0 7 2 . 6 6 2 . 1 2 2 . 6 8 2 . 1 7 2 . 0 4 2 . 2 1 2 . 3 2 

K 2 0 3 . 0 5 2 . 3 5 . 8 6 1 . 3 7 1 . 7 8 2 . 7 6 2 . 7 8 2 . 2 2 

P 2 ° 5 
. 5 4 . 5 4 . 1 4 . 1 7 . 3 5 . 5 4 . 4 9 . 9 6 

H 2 0 + - - - - - - - -
H 2 0 - - - - - - - - -
c o 2 - - - - - - - -
LOI . 9 4 . 9 5 1 . 6 6 1 . 0 7 . 9 0 . 8 1 . 7 6 . 8 0 

R e s t . 4 8 . 4 6 . 3 7 . 3 4 . 3 8 . 4 7 . 4 3 . 4 9 

T o t a l 1 0 0 . 0 0 1 0 0 . 4 0 1 0 0 . 5 8 1 0 0 . 5 2 1 0 0 . 2 5 1 0 0 . 0 8 1 0 0 . 5 2 1 0 0 . 6 2 

0 = F , S , C 1 . 0 7 . 0 6 . 0 8 . 0 5 . 0 5 . 0 6 . 0 5 . 0 7 

T o t a l 9 9 . 9 3 1 0 0 . 3 4 1 0 0 . 5 0 1 0 0 . 4 7 1 0 0 . 2 0 1 0 0 . 0 2 1 0 0 . 4 8 1 0 0 . 5 5 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

B a 1 6 2 6 1 3 3 4 4 1 6 6 9 0 8 4 8 1 3 9 7 1 3 4 3 1 1 5 6 

L i - - - - - - - -
Rb 6 9 5 5 14 3 1 4 8 6 8 6 0 5 0 

S r 3 7 3 3 7 5 3 7 6 5 7 2 3 8 9 3 5 3 3 6 6 4 8 4 

P b 1 7 16 7 1 1 13 1 7 17 16 

T h < 1 < 1 < 1 1 4 1 < 1 2 

U < . 5 0 1 . 0 0 . 5 0 < . 5 0 . 5 0 1 . 0 0 . 5 0 . 5 0 

Z r 1 4 7 2 9 4 6 7 9 2 1 8 1 2 8 1 3 1 9 2 3 8 

Nb 14 15 3 5 1 0 17 17 19 

Y 3 6 4 4 1 5 2 0 36 4 2 3 7 4 5 

L a 36 4 7 19 3 5 3 8 56 5 2 5 9 

C e 8 1 9 8 3 4 6 3 79 1 1 8 1 0 6 1 3 4 

Nd 4 1 46 14 2 4 3 7 5 4 5 0 66 

S c 2 6 2 7 32 2 8 3 0 2 7 2 5 2 7 

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

C r 2 7 3 8 2 4 3 5 5 7 1 3 8 4 9 6 5 

N i 9 1 1 2 1 2 2 1 7 5 6 1 0 

Cu 2 0 19 2 3 17 2 8 1 3 15 2 3 

Zn 1 1 2 1 2 1 9 1 8 9 1 0 5 1 2 0 1 1 2 1 4 9 

S n < 1 < 1 2 1 < 1 < 1 < 1 < 1 

Ga 1 7 17 1 8 2 2 18 2 1 19 2 1 

A s - - - - - - - -
S 1 0 0 0 1 2 0 0 1 4 0 0 1100 5 0 0 7 0 0 5 0 0 5 0 0 

F 4 0 0 - 3 0 0 - 6 0 0 6 0 0 5 0 0 1 0 0 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 9 6 2 8 6 2 8 5 9 3 3 8 6 2 8 5 9 3 4 8 6 2 8 6 0 7 1 8 6 2 8 6 0 8 1 8 6 2 8 6 0 8 2 8 6 2 8 6 2 2 7 8 6 2 8 6 2 4 2 

L o c a l i t y 6km S  o f 4km S W o f 4km S W o f P a z C o v e K r y l a t y y K r y l a t y y P a z C o v e P a z C o v e 

E d g e w o r t h D o b r o w o l - D o b r o w o l - NE P e n i n s u l a P e n i n s u l a SW E 

D a v i d s k i s k i 

L i t h o l o g y C p - B i - O p Hb-Op Hb-Op Op C p - B i - O p C p - O p C p - B i - O p C p - B i - O p 

q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z 

m o n z o g a b b . m o n z o n i t e m o n z o n i t e g a b b r o g a b b r o g a b b r o g a b b r o g a b b r o 

I n t r u s i o n A l g a e A l g a e A l g a e P a z C o v e P a z C o v e P a z C o v e P a z C o v e P a z C o v e 

L a k e L a k e L a k e b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h 

p l u t o n p l u t o n p l u t o n 

s i 0 2 5 6 . 3 0 5 9 . 6 0 5 9 . 4 0 4 9 . 2 0 5 6 . 1 0 5 2 . 8 0 5 4 . 4 0 5 4 . 1 0 

T i 0 2 
2 . 5 1 1 . 9 1 1 . 9 8 1 . 6 8 . 5 5 . 7 6 1 . 0 6 1 . 5 6 

A l 2 ° 3 
1 4 . 9 1 1 4 . 4 6 1 4 . 5 6 1 7 . 8 6 1 6 . 5 7 1 6 . 2 7 1 5 . 9 0 1 7 . 4 8 

F e 2 ° 3 
2 . 7 3 2 . 6 8 2 . 5 1 2 . 5 3 . 7 5 . 9 3 1 . 1 5 1 . 6 3 

FeO 7 . 8 7 5 . 9 4 6 . 1 6 1 0 . 8 1 8 . 1 6 8 . 6 8 8 . 7 1 7 . 8 0 

MnO . 2 0 . 1 7 . 1 6 . 2 4 . 2 0 . 1 9 . 2 0 . 1 7 

MgO 3 . 0 1 2 . 2 8 2 . 3 1 6 . 9 8 5 . 7 6 6 . 3 4 5 . 8 2 4 . 0 8 

CaO 5 . 6 2 4 . 7 2 4 . 8 5 7 . 5 3 7 . 9 2 9 . 4 6 8 . 0 9 7 . 8 9 

N a 2 0 2 . 2 5 2 . 2 0 2 . 2 1 1 . 8 6 1 . 9 8 2 . 0 2 1 . 9 6 2 . 0 6 

K 2 0 2 . 8 9 3 . 7 9 3 . 6 4 . 3 0 . 8 4 . 7 9 1 . 3 6 1 . 7 5 

P 2 ° 5 
. 7 2 . 6 1 . 6 3 . 4 2 . 1 1 . 1 2 . 2 5 . 2 5 

H 2 0 + - - - - - - - -
H 2 0 -

c o 2 

LOI . 8 2 1 . 2 0 1 . 1 2 . 6 7 1 . 0 7 1 . 2 6 1 . 0 7 1 . 1 2 

R e s t . 5 0 . 5 0 . 4 6 . 4 1 . 2 4 . 2 7 . 3 2 . 3 3 

T o t a l 1 0 0 . 3 3 1 0 0 . 0 6 9 9 . 9 9 1 0 0 . 4 9 1 0 0 . 2 5 9 9 . 8 9 1 0 0 . 2 9 1 0 0 . 2 2 

0 = F , S , C l . 0 7 . 0 6 . 0 3 . 0 7 . 0 3 . 0 4 . 0 2 . 0 3 

T o t a l 1 0 0 . 2 6 1 0 0 . 0 0 9 9 . 9 6 1 0 0 . 4 2 1 0 0 . 2 2 9 9 . 8 5 1 0 0 . 2 6 1 0 0 . 1 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 1 2 9 5 1 3 6 9 1 3 9 4 2 1 8 3 9 2 4 6 5 8 4 2 8 3 0 

L i - - - - - - - -
Rb 7 7 1 1 0 1 1 0 4 36 16 3 7 46 

S r 4 1 3 3 4 3 3 6 0 6 1 4 2 7 4 2 7 4 3 9 4 4 5 6 

P b 2 0 2 5 2 6 1 3 9 6 9 1 3 

T h 5 9 10 3 4 1 3 2 

U . 5 0 1 . 0 0 1 . 0 0 1 . 0 0 . 5 0 1 . 0 0 . 5 0 . 5 0 

Zr 2 8 6 4 2 7 5 7 3 2 3 0 1 0 6 8 6 1 3 1 1 5 5 

Nb 19 2 0 19 16 5 3 7 1 1 

Y 4 8 5 1 5 0 32 2 2 2 7 3 2 2 6 

La 6 3 76 7 4 5 5 2 6 19 32 3 4 

C e 1 3 7 1 6 0 1 6 0 1 1 3 47 3 4 6 2 6 7 

Nd 6 4 7 1 7 1 52 2 1 14 2 8 2 7 

S c 2 6 2 1 2 2 46 3 1 36 3 3 2 9 

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

C r 4 7 32 35 1 7 8 1 5 0 1 6 8 1 9 0 5 7 

N i 9 5 7 2 9 1 0 1 1 17 1 0 

Cu 2 1 14 16 2 9 1 3 1 4 14 1 4 

Zn 1 4 3 1 2 2 1 3 0 1 5 0 8 7 86 9 5 1 0 4 

S n < 1 2 < 1 < 1 < 1 < 1 < 1 1 

Ga 2 1 19 19 2 6 16 16 1 8 2 2 

A s - - - - - - - -
S 6 0 0 3 0 0 7 0 0 1 4 0 0 6 0 0 9 0 0 5 0 0 7 0 0 

F 9 0 0 1 0 0 0 - - - - - -
C I - - - - - - - -
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

86285896 8628606 6 8628606 8 8628608 3 8628621 8 8628622 1 8628622 8 8628624 5 

P a z C o v e P a z C o v e P a z C o v e K r y l a t y y G e o l o g o v G e o l o g o v P a z C o v e P a z C o v e 

SE N E N E P e n i n s u l a I s l a n d I s l a n d S W E 

L i t h o l o g y 

I n t r u s i o n 

H b - C p - O p H b - C p - O p H b - C p - O p C p - B i - O p C p - H b - O p C p - O p C p - H b - O p H b - C p - O p 

q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z q u a r t z 

m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . m o n z o g a b b . 

P a z C o v e P a z C o v e P a z C o v e P a z C o v e P a z C o v e P a z C o v e P a z C o v e P a z C o v e 

b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h 

s i 0 2 5 7 . 4 0 5 8 . 6 0 5 8 . 5 0 5 8 . 0 0 5 8 . 4 0 5 8 . 6 0 5 7 . 8 0 5 8 . 8 0 

T i o 2 1 . 8 1 1 . 1 1 1 .62 1 .29 2 . 0 1 1 .81 1 .59 1 .99 

A l 2 ° 3 
1 3 . 8 8 1 4 . 3 2 1 4 . 6 4 1 5 . 3 9 1 4 . 0 0 1 3 . 9 9 1 4 . 4 0 1 3 . 6 4 

F e 2 ° 3 
2 . 3 5 1 .44 1 .42 1 .28 1 .64 3 . 0 1 1 .47 2 . 4 3 

Feo 8 . 4 6 8 . 9 8 7 . 7 5 7 . 8 6 8 .56 7 . 4 1 8 . 1 8 8 . 1 7 

MnO . 2 0 .22 . 18 .19 . 2 1 . 2 0 .19 . 2 1 

MgO 3 . 1 9 3 . 2 8 3 . 1 3 3 . 7 1 2 . 6 5 2 . 8 0 3 . 3 6 1 .74 

CaO 6 . 7 3 7 . 2 4 5 . 7 7 6 . 2 3 5 . 7 2 6 . 0 1 6 . 2 6 6 . 0 0 

2 . 1 2 1 .88 2 . 0 1 2 . 0 5 2 . 1 9 1 .77 2 . 1 7 2 . 1 0 

K 2 0 2 . 3 2 1 .76 3 . 1 3 2 . 7 1 2 . 4 3 2 . 5 2 2 . 8 2 2 . 8 7 

P 2 ° 5 
. 4 5 . 28 . 50 . 34 . 57 .36 . 4 3 . 7 8 

H 2 0+ - - - - - - - -
H 2 0 - - - - - - - - -
co 2 - - - - - - - -
LOI . 8 8 . 9 3 . 8 5 . 8 8 . 9 1 1 .02 . 8 8 . 9 1 

R e s t . 4 2 . 32 . 4 1 . 3 5 .42 . 3 8 . 4 0 . 44 

T o t a l 1 0 0 . 2 1 1 0 0 . 3 6 9 9 . 9 1 1 0 0 . 2 8 9 9 . 7 1 9 9 . 8 8 9 9 . 9 5 1 0 0 . 0 8 

0 = F , S , C l . 0 4 . 0 4 . 0 3 . 0 2 . 04 .04 . 0 4 .06 

T o t a l 1 0 0 . 1 6 1 0 0 . 3 2 9 9 . 8 8 1 0 0 . 2 5 9 9 . 6 7 9 9 . 8 4 9 9 . 9 1 1 0 0 . 0 3 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 1304 896 1361 1129 1255 1170 1197 1293 

L i - - - - - - - -
Rb 57 43 86 85 62 67 78 80 

S r 369 349 341 346 366 346 341 348 

P b 15 12 18 16 18 15 20 17 

Th 1 <1 1 5 2 <1 4 <1 

U < . 5 0 < . 5 0 < . 5 0 1 .00 < . 5 0 . 5 0 1 .00 < . 5 0 

Z r 236 155 367 237 334 240 294 252 

Nb 14 6 16 12 19 16 14 21 

Y 43 35 43 37 44 42 39 58 

L a 54 35 61 51 67 41 64 67 

Ce 112 68 129 108 137 87 131 144 

Nd 48 31 59 46 61 36 56 68 

SC 30 35 25 25 28 29 28 28 

V 202 160 146 143 179 165 173 138 

C r 22 16 47 61 26 23 36 2 

N i 4 3 5 5 3 3 4 3 

Cu 14 15 18 12 15 16 13 11 

Zn 120 105 118 111 127 119 120 137 

S n 1 <1 <1 <1 2 1 3 <1 

Ga 19 18 18 18 20 18 19 20 

A s - - - - - - - -
S 900 800 600 500 800 800 800 600 

F - - - - - - - 600 

C l - - - - - - - -
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

I n t r u s i o n 

8 6 2 8 5 9 6 8 

B o o t h 

P e n i n s u l a 

W 

B i - H b - C p -

Op g a b b r o 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 6 2 7 2 

B o o t h 

P e n i n s u l a 

W 

B i - C p - O p 

g a b b r o 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 5 8 4 5 

B l a c k 

I s l a n d 

B i - C p - O p 

q u a r t z 

g a b b r o 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 5 8 4 7 

B l a c k 

I s l a n d 

B i - C p - O p 

q u a r t z 

g a b b r o 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 5 8 5 0 

F u l l e r 

I s l a n d N 

B i - C p - O p 

q u a r t z 

g a b b r o 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 6 2 7 4 

B o o t h 

8 6 2 8 6 0 4 2 

T h o m a s 

8 6 2 8 5 8 1 4 

B o o t h 

P e n i n s u l a I s l a n d E  P e n i n s u l a 

B i - C p - O p 

q u a r t z 

g a b b r o 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

H b - C p - O p 

q u a r t z 

m o n z o g a b b . 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

H b - C p - O p 

q u a r t z 

m o n z o n i t e 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

S i 0 2 5 1 . 1 0 5 1 . 0 0 5 2 . 3 0 5 3 . 0 0 5 4 . 8 0 5 2 . 0 0 5 7 . 7 0 5 2 . 6 0 

T i 0 2 . 4 7 . 7 3 . 9 9 1 . 1 1 1 . 1 9 . 7 0 1 . 4 7 2 . 8 6 

A l 2 ° 3 
1 6 . 4 2 1 7 . 9 5 1 7 . 1 2 1 5 . 3 9 1 5 . 7 4 1 6 . 3 1 1 4 . 8 8 1 5 . 1 4 

F e 2 ° 3 
. 8 1 . 8 9 1 . 3 8 1 . 7 5 1 . 8 8 1 . 4 0 1 . 3 9 1 . 2 4 

FeO 8 . 0 9 7 . 5 2 7 . 5 6 8 . 6 2 8 . 1 4 9 . 1 4 8 . 1 1 1 0 . 9 0 

MnO . 1 9 . 1 8 . 1 7 . 2 2 . 2 0 . 2 3 . 1 9 . 2 3 

MgO 9 . 0 8 7 . 6 8 6 . 1 4 5 . 6 8 5 . 1 1 7 . 0 6 3 . 1 5 2 . 6 1 

CaO 8 . 5 3 1 0 . 2 8 1 0 . 2 3 8 . 9 5 7 . 6 0 9 . 5 6 6 . 6 8 6 . 1 8 

N a 2 ° 
2 . 6 5 2 . 1 5 2 . 3 0 2 . 0 4 2 . 0 6 2 . 2 1 2 . 3 0 2 . 9 8 

K 2 0 . 9 8 . 6 9 . 8 2 1 . 1 9 1 . 6 7 . 5 1 2 . 5 2 3 . 1 4 

P 2 ° 5 
. 0 6 . 1 0 . 2 2 . 2 8 . 2 3 . 1 4 . 3 8 1 . 1 3 

H 2 0 + - - - - - - - -
H 2 0 -

c o 2 

LOI 1 . 6 4 1 . 1 1 1 . 0 8 2 . 1 3 1 . 4 8 1 . 0 6 . 8 8 1 . 2 4 

R e s t . 2 6 . 2 7 . 3 0 . 3 0 . 3 2 . 2 6 . 4 2 . 5 6 

T o t a l 1 0 0 . 2 8 1 0 0 . 5 5 1 0 0 . 6 1 1 0 0 . 6 6 1 0 0 . 4 2 1 0 0 . 5 8 1 0 0 . 0 7 1 0 0 . 8 1 

0 = F , S , C 1 . 0 2 . 0 4 . 0 5 . 0 5 . 0 4 . 0 3 . 0 4 . 0 7 

T o t a l 1 0 0 . 2 5 1 0 0 . 5 1 1 0 0 . 5 6 1 0 0 . 6 1 1 0 0 . 3 8 1 0 0 . 5 5 1 0 0 . 0 3 1 0 0 . 7 4 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

L i - - - - - - - -
Rb 2 6 13 15 39 4 5 7 6 6 4 3 

S r 2 7 2 2 8 3 3 6 1 3 1 3 3 2 2 3 8 4 4 2 3 4 5 4 

P b 6 4 7 9 12 6 18 12 

Th < 1 1 < 1 < 1 1 < 1 1 < 1 

U < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 . 5 0 < . 5 0 < . 5 0 

Z r 46 4 8 76 1 0 3 1 6 5 5 1 2 6 9 5 5 2 

Nb 5 4 4 6 7 3 10 6 1 

Y 16 15 18 2 5 2 7 2 0 42 5 5 

La 14 12 2 0 2 5 34 16 5 1 7 4 

Ce 2 4 2 5 39 5 1 7 0 2 5 1 0 0 1 5 5 

Nd 1 0 9 17 2 4 2 9 10 4 5 7 4 

S c 3 3 3 1 35 3 8 3 0 3 5 2 8 2 6 

V 1 4 4 1 4 7 2 1 2 1 5 8 1 7 0 1 7 1 1 6 7 1 0 7 

c r 5 1 0 3 1 9 1 3 3 1 4 5 9 5 2 1 1 4 4 8 

N i 49 4 3 3 3 15 2 3 3 0 5 5 

CU 19 2 6 2 5 15 2 2 1 8 12 18 

z n 9 0 76 79 1 1 3 1 0 5 9 1 1 0 5 1 3 0 

S n - - - - - - 1 < 1 

Ga 16 15 18 18 2 0 1 8 2 1 2 1 

AS < . 5 0 . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 - -
S 5 0 0 5 0 0 1 0 0 0 1 0 0 0 8 0 0 7 0 0 9 0 0 6 0 0 

F - 4 0 0 - - - - - 1 0 0 0 

C l - - - - - - - -
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

I n t r u s i o n 

8 6 2 8 5 8 1 5 8 6 2 8 6 0 5 1 

B o o t h M i l e s 

P e n i n s u l a I s l a n d W 

8 6 2 8 6 0 5 2 8 6 2 8 5 8 1 7 

M i l e s B o o t h 

I s l a n d w  P e n i n s u l a 

H b - C p - O p 

q u a r t z 

m o n z o n i t e 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

H b - C p - O p 

q u a r t z 

m o n z o d i o r . 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

B i - H b - O p 

q u a r t z 

m o n z o d i o r . 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

B i - H b - O p 

q u a r t z 

m o n z o n i t e 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 5 9 7 2 

B o o t h 

P e n i n s u l a 

w 

H b - C p - O p 

q u a r t z 

m o n z o n i t e 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 5 8 1 6 

B o o t h 

P e n i n s u l a 

C p - O p - H b 

g r a n i t e 

B o o t h 

P e n i n s u l a 

b a t h o l i t h 

8 6 2 8 5 8 2 8 

B o o t h 

P e n i n s u l a 

E 

C p - O p 

g r a n i t e 

8 6 2 8 5 8 3 0 

B o o t h 

P e n i n s u l a 

E 

H b - C p - O p 

g r a n i t e 

B o o t h B o o t h 

P e n i n s u l a P e n i n s u l a 

b a t h o l i t h b a t h o l i t h 

S i 0 2 5 3 . 5 0 5 3 . 3 0 5 1 . 9 0 5 7 . 1 0 6 0 . 0 0 6 1 . 5 0 6 0 . 9 0 6 0 . 1 0 

T i 0 2 2 . 7 2 2 . 9 5 3 . 3 5 1 . 6 5 1 . 3 1 1 . 6 7 1 . 6 2 1 . 7 2 

A l 2 ° 3 
1 4 . 5 3 1 3 . 8 8 1 4 . 5 5 1 4 . 8 6 1 3 . 9 3 1 3 . 5 4 1 3 . 7 1 1 4 . 2 8 

F e 2 ° 3 
1 . 6 7 2 . 9 4 2 . 0 2 2 . 7 2 2 . 5 7 2 . 1 0 1 . 8 2 1 . 7 7 

FeO 1 0 . 9 4 1 0 . 6 2 1 1 . 6 1 9 . 1 6 8 . 3 3 7 . 0 7 7 . 1 4 7 . 2 6 

MnO . 2 3 . 2 6 . 2 6 . 2 4 . 2 0 . 1 6 . 1 5 . 1 6 

MgO 2 . 3 6 2 . 4 3 2 . 7 6 1 . 3 2 . 9 4 1 . 5 3 1 . 9 3 1 . 9 6 

CaO 6 . 0 5 6 . 3 4 6 . 4 5 4 . 7 4 4 . 6 4 4 . 7 9 5 . 1 9 5 . 4 1 

N a 2 ° 
2 . 7 8 2 . 3 3 2 . 5 1 2 . 7 9 2 . 6 0 2 . 6 7 2 . 5 5 2 . 6 8 

K 2 0 2 . 8 0 2 . 6 4 2 . 3 4 3 . 7 1 3 . 5 6 3 . 2 6 3 . 1 5 3 . 1 5 

P 2 ° 5 
. 9 5 1 . 2 6 1 . 2 4 . 9 2 . 4 9 . 5 9 . 4 4 . 4 7 

H 2 0 + - - - - - - - -
H 2 0 - - - - - - - - -
c o 2 - - - - - - - -
LOI 1 . 1 3 . 7 9 1 . 0 4 . 9 6 1 . 0 0 . 8 3 1 . 1 2 . 9 9 

R e s t . 4 7 . 6 3 . 4 1 . 4 7 . 5 1 . 4 3 . 3 9 . 4 4 

T o t a l 1 0 0 . 1 3 1 0 0 . 3 7 1 0 0 . 4 4 1 0 0 . 6 4 1 0 0 . 0 8 1 0 0 . 1 4 1 0 0 . 1 1 1 0 0 . 3 9 

0 = F , S , C l . 0 4 . 0 8 . 0 3 . 0 2 . 0 5 . 0 5 . 0 3 . 0 5 

T o t a l 1 0 0 . 0 9 1 0 0 . 2 9 1 0 0 . 4 1 1 0 0 . 6 2 1 0 0 . 0 4 1 0 0 . 0 9 1 0 0 . 0 8 1 0 0 . 3 4 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

L i - - - - - - - -
Rb 3 8 4 4 3 4 4 8 3 4 4 7 7 0 6 9 

s r 4 3 8 4 5 3 4 2 9 4 1 4 4 0 1 2 5 9 2 4 7 2 6 2 

P b 1 1 14 12 12 8 12 19 18 

Th < 1 1 < 1 < 1 1 1 < 1 < 1 

u . 5 0 1 . 0 0 . 5 0 < . 5 0 . 5 0 . 5 0 . 5 0 < . 5 0 

Z r 6 5 7 4 3 8 2 1 7 6 0 8 6 8 0 4 9 3 3 7 0 3 8 2 

Nb 6 1 5 8 6 0 6 1 5 2 2 6 16 17 

Y 5 5 5 8 49 49 4 3 5 4 56 56 

L a 6 7 8 2 6 5 5 0 3 1 49 4 6 4 9 

C e 1 3 8 1 7 4 1 4 2 1 0 4 7 0 1 0 8 1 0 1 1 0 5 

Nd 6 2 7 8 6 5 5 4 3 5 5 5 4 9 5 1 

S c 2 9 3 2 3 0 2 1 19 2 1 2 4 2 3 

V 9 7 1 1 1 1 2 5 3 3 2 7 9 9 1 2 0 1 2 0 

C r 6 3 7 < 2 < 2 8 1 5 15 

N i 5 < 2 3 < 2 < 2 4 5 5 

Cu 2 1 1 8 2 1 1 8 1 7 16 1 5 1 4 

Zn 1 3 3 1 5 6 1 5 2 1 2 5 1 2 1 1 1 2 1 0 6 1 0 4 

S n < 1 < 1 < 1 1 < 1 < 1 < 1 < 1 

Ga 2 0 1 8 2 0 2 1 2 1 2 1 1 9 2 0 

A s - - - - - - - -
S 8 0 0 9 0 0 6 0 0 5 0 0 7 0 0 4 0 0 6 0 0 6 0 0 

F - 8 0 0 - - 3 0 0 6 0 0 - 4 0 0 

C l - - _ -
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 8 3 1 8 6 2 8 5 8 3 5 8 6 2 8 5 8 3 7 8 6 2 8 5 9 7 5 8 6 2 8 5 9 8 6 8 6 2 8 5 9 8 7 8 6 2 8 5 9 8 9 8 6 2 8 6 2 7 6 

L o c a l i t y B o o t h G e o m o r f o l - C o u n t e s s B o o t h H i g h j u m p H i g h j u m p H i g h j u m p 7km E  o f 

P e n i n s u l a o g o v P e n i n s u l a P e n i n s u l a A r c h i p e l - A r c h i p e l - A r c h i p e l - M i l e s 

E P e n i n s u l a W a g o S E a g o S E a g o S E I s l a n d 

L i t h o l o g y C p - O p H b - C p - O p H b - C p - O p B i - H b - O p B i - C p - H b H b - C p - O p H b - P x C p - O p 

g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e 

I n t r u s i o n B o o t h B o o t h B o o t h B o o t h B o o t h B o o t h B o o t h B o o t h 

P e n i n s u l a P e n i n s u l a P e n i n s u l a P e n i n s u l a P e n i n s u l a P e n i n s u l a P e n i n s u l a P e n i n s u l a 

b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h 

S i 0 2 
6 0 . 8 0 5 9 . 8 0 5 9 . 2 0 6 3 . 4 0 6 1 . 0 0 6 0 . 5 0 6 5 . 3 0 6 0 . 7 0 

T i 0 2 1 . 7 9 1 . 8 0 1 . 8 8 1 . 4 5 1 . 7 8 1 . 8 2 1 . 3 8 1 . 7 0 

A 1 2 0 3 1 4 . 0 9 1 4 . 2 0 1 4 . 0 1 1 3 . 5 6 1 3 . 3 7 1 3 . 4 6 1 3 . 2 7 1 4 . 0 6 

F 6 2 ° 3 
2 . 0 5 1 . 7 3 2 . 1 3 1 . 7 6 2 . 4 5 2 . 2 5 2 . 5 9 1 . 9 2 

FeO 6 . 9 8 7 . 6 1 7 . 7 0 7 . 0 0 7 . 2 1 7 . 8 0 4 . 8 4 6 . 9 4 

MnO . 1 5 . 1 7 . 1 7 . 1 7 . 1 8 . 1 9 . 1 4 . 1 5 

MgO 1 . 9 4 2 . 1 6 2 . 0 9 1 . 0 6 1 . 9 1 2 . 0 5 1 . 0 5 1 . 9 1 

CaO 5 . 4 0 5 . 6 5 5 . 5 9 3 . 6 5 4 . 9 9 5 . 2 0 3 . 4 2 5 . 4 1 

N a 2 ° 
2 . 7 7 2 . 5 9 2 . 6 7 2 . 2 4 2 . 1 3 2 . 2 5 2 . 0 0 2 . 6 3 

K 2 0 3 . 0 7 2 . 7 9 2 . 7 9 4 . 2 0 3 . 6 1 3 . 4 3 4 . 8 9 3 . 0 3 

P 2 ° 5 
. 4 8 . 4 6 . 5 2 . 6 0 . 4 7 . 4 9 . 4 5 . 4 5 

H 2 0 + - - - - - - - -
H 2 ° -
c o 2 

LOI . 7 5 . 7 8 . 6 6 . 7 2 . 9 1 . 6 9 . 6 4 . 7 6 

R e s t . 4 0 . 4 4 . 3 8 . 4 6 . 4 1 . 4 1 . 3 9 . 4 3 

T o t a l 1 0 0 . 6 7 1 0 0 . 1 8 9 9 . 7 9 1 0 0 . 2 7 1 0 0 . 4 2 1 0 0 . 5 4 1 0 0 . 3 6 1 0 0 . 0 9 

0 = F , S , C l . 0 3 . 0 5 . 0 2 . 0 4 . 0 3 . 0 3 . 0 1 . 0 5 

T o t a l 1 0 0 . 6 3 1 0 0 . 1 3 9 9 . 7 7 1 0 0 . 2 4 1 0 0 . 3 9 1 0 0 . 5 1 1 0 0 . 3 5 1 0 0 . 0 4 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 1 3 6 7 1 4 1 5 1 3 5 6 1 7 7 4 1 5 1 0 1 5 1 7 1 6 5 0 1 4 5 4 

L i - - - - - - - -
Rb 5 8 57 59 6 5 97 9 1 1 3 8 7 0 

s r 2 5 2 2 6 7 2 5 9 3 0 4 2 7 3 2 8 4 2 6 0 2 6 2 

P b 16 18 17 15 22 2 1 2 6 17 

Th < 1 < 1 < 1 < 1 1 1 2 1 

U < . 5 0 . 5 0 1 . 0 0 . 5 0 < . 5 0 < . 5 0 . 5 0 < . 5 0 

z r 4 1 3 3 5 1 4 0 4 6 0 6 3 4 9 3 4 0 4 7 3 3 2 8 

Nb 19 18 18 4 3 17 17 2 2 16 

Y 6 0 5 4 6 0 4 0 5 7 5 5 49 56 

La 5 1 4 8 5 3 4 1 6 3 6 1 69 4 8 

Ce 1 1 1 1 0 4 1 1 5 8 5 1 3 1 1 3 0 1 4 7 1 0 1 

Nd 5 5 49 5 4 4 1 59 59 7 0 4 8 

SC 2 3 2 4 2 4 18 2 7 2 7 19 2 4 

V 1 2 4 1 2 5 1 3 9 3 8 1 4 1 1 3 9 7 1 1 2 6 

c r 16 2 0 17 2 14 16 3 17 

N i 5 6 5 < 2 4 4 < 2 8 

Cu 17 16 14 1 3 14 14 1 0 14 

Zn 1 0 5 1 0 8 1 1 4 1 0 9 1 2 0 1 1 7 1 1 2 1 0 5 

S n < 1 1 < 1 1 1 2 < 1 < 1 

Ga 2 1 2 0 19 2 0 19 19 18 19 

A s - - - - - - - -
S 7 0 0 6 0 0 5 0 0 4 0 0 6 0 0 6 0 0 2 0 0 5 0 0 

F - 5 0 0 - 4 0 0 _ _ _ 5 0 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 6 2 7 7 8 6 2 8 6 2 8 1 8 6 2 8 6 0 5 8 8 6 2 8 6 0 6 0 8 6 2 8 6 0 6 1 8 6 2 8 6 0 8 8 8 6 2 8 6 0 8 9 8 6 2 8 5 8 2 7 

L o c a l i t y 7km E  o f 6km E  o f V e r t o l e t - V e r t o l e t - V e r t o l e t - K r y l a t y y K r y l a t y y B o o t h 

M i l e s M i l e s n y y n y y n y y P e n i n s u l a P e n i n s u l a P e n i n s u l a 

I s l a n d I s l a n d P e n i n s u l a P e n i n s u l a P e n i n s u l a E 

L i t h o l o g y H b - C p - O p H b - C p - O p O p - G t Op H b - O p H b - O p - G t Hb-Op Hb-Op 

g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e m o n z o d i o r -

i t e d y k e 

I n t r u s i o n B o o t h B o o t h P a z C o v e P a z C o v e P a z C o v e P a z C o v e P a z C o v e 

P e n i n s u l a P e n i n s u l a b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h 

b a t h o l i t h b a t h o l i t h 

S i 0 2 6 0 . 3 0 6 0 . 9 0 6 3 . 8 0 6 4 . 0 0 6 4 . 6 0 6 6 . 7 0 6 5 . 4 0 4 7 . 5 0 

T i 0 2 
1 . 7 2 1 . 5 4 1 . 3 2 1 . 2 5 1 . 4 0 . 8 1 1 . 0 6 1 . 8 8 

A l 2 ° 3 
1 3 . 8 9 1 4 . 3 6 1 3 . 8 6 1 3 . 9 2 1 3 . 2 7 1 3 . 2 5 1 3 . 0 4 1 5 . 7 6 

F e 2 ° 3 
1 . 8 4 2 . 0 6 2 . 0 7 1 . 8 5 1 . 8 1 1 . 8 2 2 . 2 7 6 . 2 9 

FeO 7 . 0 2 6 . 2 8 6 . 2 3 5 . 9 8 6 . 1 7 4 . 5 8 5 . 5 2 1 1 . 8 2 

MnO . 1 6 . 1 5 . 1 7 . 1 5 . 1 5 . 1 2 . 1 5 . 3 3 

MgO 1 . 8 1 1 . 7 2 1 . 2 5 1 . 1 9 1 . 4 9 . 5 8 . 7 7 2 . 0 4 

CaO 5 . 3 6 5 . 2 6 3 . 4 7 3 . 5 9 3 . 9 2 2 . 7 4 3 . 1 7 6 . 0 2 

N a 2 ° 2 . 5 4 2 . 6 9 2 . 1 0 2 . 3 0 2 . 1 2 1 . 9 7 2 . 0 6 3 . 1 7 

K 2 0 3 . 1 0 3 . 1 6 4 . 0 2 4 . 1 6 3 . 8 9 5 . 6 1 4 . 9 7 2 . 5 8 

P 2 ° 5 
. 5 1 . 4 2 . 5 4 . 4 7 . 4 8 . 2 9 . 4 1 1 . 4 1 

H 2 0 + - - - - - - - -
H 2 0 -

c o 2 

LOI 1 . 0 5 . 7 0 . 7 5 . 7 8 . 8 6 . 6 8 . 6 1 . 8 7 

R e s t . 3 7 . 4 0 . 4 4 . 4 2 . 4 5 . 4 9 . 4 5 . 6 2 

T o t a l 9 9 . 6 7 9 9 . 6 4 1 0 0 . 0 2 1 0 0 . 0 6 1 0 0 . 6 1 9 9 . 6 4 9 9 . 8 8 1 0 0 . 2 9 

0 = F , S , C 1 . 0 1 . 0 3 . 0 3 . 0 2 . 0 4 . 0 1 . 0 3 . 1 1 

T o t a l 9 9 . 6 6 9 9 . 6 2 9 9 . 9 9 1 0 0 . 0 4 1 0 0 . 5 7 9 9 . 6 3 9 9 . 8 6 1 0 0 . 1 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

L i - - - - - - - -
Rb 6 7 6 7 1 0 0 1 0 0 9 6 1 5 0 1 3 8 3 3 

S r 2 7 3 2 7 8 2 8 1 2 9 4 2 9 8 2 7 7 2 3 9 3 7 5 

P b 1 8 1 8 18 2 1 2 0 26 2 6 1 1 

Th < 1 < 1 < 1 1 < 1 1 < 1 < 1 

U 1 . 0 0 . 5 0 . 5 0 . 5 0 . 5 0 < . 5 0 1 . 0 0 1 . 5 0 

Z r 3 8 0 3 4 9 3 5 7 3 5 1 3 3 3 4 5 1 5 4 4 7 1 1 

Nb 18 15 2 5 2 0 1 8 18 2 1 59 

Y 5 7 5 1 3 3 3 1 4 3 4 5 5 1 7 5 

La 52 4 7 4 5 4 8 5 0 56 5 9 7 8 

Ce 1 1 4 99 9 2 1 0 5 1 0 9 1 1 0 1 2 9 1 7 6 

Nd 5 4 4 8 3 8 5 0 54 52 6 0 8 7 

S c 2 4 2 2 2 3 2 1 2 3 17 2 0 3 0 

V 1 3 3 1 1 6 7 0 70 9 9 12 2 5 17 

C r 16 1 3 1 0 8 1 1 < 2 < 2 < 2 

N i 6 8 3 3 3 < 2 <2 < 2 

Cu 8 1 3 17 19 1 5 12 12 2 4 

Zn 1 1 0 9 9 1 0 4 1 0 2 1 0 3 9 8 1 1 8 2 0 4 

S n < 1 2 < 1 < 1 <1 < 1 < 1 < 1 

Ga 2 0 19 1 8 18 1 7 17 1 8 2 5 

A s - - - - - - - -
S 200 200 3 0 0 4 0 0 4 0 0 200 100 1200 
F - 4 0 0 4 0 0 - 5 0 0 _ 5 0 0 1 2 0 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 6 2 6 6 8 6 2 8 6 2 6 7 8 6 2 8 6 2 5 6 8 6 2 8 5 6 1 7 8 6 2 8 5 6 7 6 8 6 2 8 5 8 3 4 8 6 2 8 6 0 4 1 8 6 2 8 6 2 2 2 

L o c a l i t y M a r s M a r s H u s k y D o g C u r r i t u c k C u r r i t u c k G e o m o r f o l - T h o m a s G e o l o g o v 

I s l a n d I s l a n d I s l a n d I s l a n d W I s l a n d W o g o v I s l a n d E I s l a n d 

P e n i n s u l a 

L i t h o l o g y C p - O p C p - O p Op B i - M u s B i - M u s H b - B i B i T r a c h y t e 

Qz g a b b r o Qz g a b b r o g r a n i t e g r a n i t e g r a n i t e g r a n i t e g r a n i t e d y k e 

d y k e d y k e d y k e 

I n t r u s i o n 

S i 0 2 
5 0 . 7 0 5 3 . 9 0 6 4 . 6 0 7 4 . 8 0 7 4 . 6 0 7 2 . 5 0 7 0 . 8 0 5 8 . 7 0 

T i 0 2 3 . 4 6 3 . 2 2 1 . 1 5 . 0 5 . 1 4 . 2 4 . 5 4 . 4 3 

A l 2 ° 3 
1 3 . 2 7 1 3 . 6 5 1 3 . 2 4 1 3 . 5 6 1 3 . 6 3 1 3 . 9 8 1 3 . 8 6 1 8 . 0 1 

F e 2 ° 3 
4 . 9 7 8 . 6 8 5 . 0 4 . 5 0 . 6 9 . 4 7 1 . 1 9 1 . 9 8 

FeO 1 2 . 2 0 7 . 5 5 3 . 7 8 . 2 5 . 5 9 1 . 1 7 1 . 0 7 2 . 4 1 

MnO . 3 6 . 3 3 . 1 6 . 0 3 . 0 3 . 0 3 . 0 4 . 1 1 

MgO 2 . 2 8 2 . 1 2 . 8 0 . 1 2 . 1 9 . 4 7 . 7 5 1 . 0 9 

CaO 7 . 7 9 7 . 2 0 3 . 4 7 . 7 7 . 9 8 2 . 0 1 1 . 1 8 1 . 7 4 

N a 2 ° 
1 . 7 2 1 . 1 6 2 . 1 5 3 . 5 1 3 . 3 1 2 . 3 1 2 . 3 1 5 . 0 4 

K 2 0 . 8 1 . 7 5 3 . 6 8 5 . 0 5 5 . 0 2 5 . 4 9 6 . 3 8 6 . 7 1 

P 2 ° 5 
. 8 9 . 8 1 . 4 6 . 0 1 . 0 3 . 0 2 . 0 8 . 1 9 

H 2 0 + - - - - - - - . 7 2 

H 2 0 - - - - - - - - . 1 4 

c o 2 - - - - - - - 2 . 2 5 

LOI 1 . 0 7 . 7 6 1 . 0 5 . 8 3 . 9 6 . 7 8 1 . 0 2 -
R e s t . 4 4 . 3 8 . 4 5 . 1 4 . 1 9 . 3 3 . 4 8 . 5 9 

T o t a l 9 9 . 9 6 1 0 0 . 5 1 1 0 0 . 0 3 9 9 . 6 2 1 0 0 . 3 6 9 9 . 8 0 9 9 . 7 0 1 0 0 . 1 1 

0 = F , S , C 1 . 0 8 . 0 5 . 0 2 . 0 0 . 0 0 . 0 0 . 0 1 . 0 2 

T o t a l 9 9 . 8 8 1 0 0 . 4 5 1 0 0 . 0 1 9 9 . 6 2 1 0 0 . 3 6 9 9 . 8 0 9 9 . 6 9 1 0 0 . 0 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 7 4 5 7 4 5 2 1 4 0 1 1 3 3 6 3 1 9 7 6 2 3 6 0 92 

L i - 5 - - - - - -
Rb 6 13 6 0 6 0 4 5 0 7 1 1 6 1 4 0 3 4 4 

s r 4 8 7 4 6 5 3 1 5 52 1 1 1 2 6 9 4 5 5 1 1 4 

P b 6 8 11 1 1 5 86 2 8 4 7 1 7 5 

Th < 1 1 < 1 4 5 96 2 56 2 7 3 

U 1 . 0 0 < . 5 0 . 5 0 2 0 . 0 0 9 . 5 0 1 . 0 0 . 5 0 4 0 . 0 0 

Zr 2 7 1 1 9 9 5 6 0 97 1 3 7 2 9 0 4 1 1 1 5 9 3 

Nb 58 50 2 0 6 0 3 1 4 7 1 1 2 

Y 6 4 66 34 22 1 3 8 1 8 5 3 

La 3 3 39 32 6 4 7 2 2 1 0 3 4 5 3 

Ce 7 7 8 5 62 11 9 2 2 8 2 1 4 7 9 4 

Nd 4 8 46 2 8 5 3 1 7 7 8 2 0 8 

S c 3 3 32 2 0 4 5 7 6 5 

V 1 2 9 1 1 6 2 9 <2 3 9 3 3 1 1 

Cr 6 6 < 2 < 2 < 2 < 2 < 2 < 2 

N i 4 6 <2 2 2 < 2 3 < 2 

Cu 2 0 14 17 < 1 3 3 2 6 2 

Zn 1 6 5 1 4 8 1 0 6 16 15 2 5 2 1 6 4 

S n < 1 1 < 1 7 6 < 1 < 1 -
Ga 2 0 2 0 17 3 0 2 8 1 5 1 1 19 

A s - - - - - - - 7 . 0 0 

S 1 6 3 0 9 9 0 4 0 0 < 1 0 0 1 0 0 1 0 0 2 0 0 5 0 0 

s 
C l 1 3 0 2 2 5 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 6 4 0 8 6 2 8 5 9 7 0 8 6 2 8 5 9 8 4 8 6 2 8 5 9 9 6 8 6 2 8 6 0 4 0 8 6 2 8 6 0 4 4 8 6 2 8 6 0 4 5 8 6 2 8 5 6 7 8 

L o c a l i t y T h o m a s B o o t h H i g h j u m p H i g h j u m p T h o m a s O b r y v i s t y y O b r y v i s t y y W  o f L a k e 

I s l a n d S P e n i n s u l a 

W 

A r c h i p e l -

a g o N E 

A r c h i p e l -

a g o N E 

I s l a n d E I s l a n d I s l a n d D o l g o e 

L i t h o l o g y P x - P l P x - H b - P l H b - P x - P l H b - P x - P l P x - P l B i - P x - P l P x - P l Q u a r t z 

g r a n u l i t e g r a n u l i t e g r a n u l i t e g r a n u l i t e g r a n u l i t e g r a n u l i t e g r a n u l i t e t h o l e i i t e 

d y k e 

C l a s s i f i c a t i o n M e t a d y k e M e t a d y k e M e t a d y k e M e t a d y k e M e t a d y k e M e t a d y k e M e t a d y k e G r o u p 1 

S i 0 2 5 0 . 5 0 4 7 . 1 0 4 8 . 8 0 4 9 . 6 0 4 9 . 5 0 5 3 . 5 0 4 6 . 8 0 5 1 . 9 0 

T i 0 2 . 5 1 1 . 6 1 1 . 9 1 1 . 8 4 1 . 5 3 1 . 1 6 2 . 3 2 1 . 7 7 

A 1 2 0 3 1 7 . 4 6 1 5 . 4 7 1 3 . 5 0 1 4 . 6 4 1 6 . 6 9 1 4 . 4 7 1 5 . 3 2 1 5 . 2 0 

F 6 2 ° 3 
1 . 8 9 1 . 6 1 2 . 6 2 2 . 7 1 3 . 9 3 1 . 3 5 4 . 4 0 1 . 8 2 

FeO 7 . 5 5 1 0 . 1 7 1 1 . 9 0 9 . 5 3 9 . 1 3 6 . 9 7 9 . 6 6 8 . 5 8 

MnO . 1 8 . 1 9 . 2 2 . 1 9 . 1 9 . 1 6 . 2 5 . 1 5 

MgO 8 . 3 0 7 . 9 0 6 . 8 8 6 . 6 3 8 . 0 3 7 . 0 9 7 . 2 8 5 . 3 5 

CaO 1 1 . 0 0 9 . 0 5 1 1 . 1 8 1 1 . 0 1 8 . 6 7 7 . 4 8 9 . 9 6 8 . 4 8 

N a 2 o 1 . 3 3 2 . 9 9 2 . 3 6 2 . 4 5 . 9 1 1 . 1 5 2 . 2 1 3 . 3 8 

K 2 0 . 2 0 1 . 1 3 . 3 7 . 5 6 . 2 9 1 . 4 8 . 3 6 . 8 6 

P 2 ° 5 
. 0 5 . 3 2 . 2 1 . 1 6 . 2 4 1 . 6 0 . 6 2 . 3 6 

H 2 0 + - - - - - - - -
H 2 0 -

c o 2 

LOI 1 . 0 0 2 . 2 0 . 7 0 . 8 3 . 9 1 1 . 2 1 1 . 0 9 2 , 1 6 

R e s t . 2 8 . 3 3 . 2 7 . 3 9 . 2 8 2 . 0 0 . 4 2 . 3 6 

T o t a l 1 0 0 . 2 5 1 0 0 . 0 7 1 0 0 . 9 2 1 0 0 . 5 4 1 0 0 . 3 0 9 9 . 6 2 1 0 0 . 6 9 1 0 0 . 3 7 

0 = F , S , C l . 0 6 . 0 4 . 0 3 . 0 9 . 0 4 . 2 5 . 0 8 . 0 7 

T o t a l 1 0 0 . 1 9 1 0 0 . 0 2 1 0 0 . 8 8 1 0 0 . 4 5 1 0 0 . 2 5 9 9 . 3 7 1 0 0 . 6 1 1 0 0 . 3 1 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 4 2 1 2 1 3 2 0 8 4 6 1 5 

S r 2 3 4 3 7 1 1 9 9 3 0 6 1 7 3 2 3 8 0 3 4 2 6 2 8 

P b 4 4 4 5 8 12 9 5 

Th < 1 2 < 1 < 1 < 1 1 0 < 1 < 1 

U . 5 0 < . 5 0 . 5 0 < . 5 0 1 . 0 0 1 . 5 0 < . 5 0 1 . 0 0 

Z r 2 9 1 4 0 1 1 2 1 2 1 1 1 0 4 0 6 2 6 6 1 0 6 

Nb < 1 2 4 9 8 1 0 14 2 0 2 2 

Y 2 2 2 5 32 2 8 3 1 32 3 3 2 1 

L a 6 2 3 15 1 2 19 9 4 36 16 

c e 16 4 1 32 3 2 4 4 1 9 9 76 3 7 

Nd 8 2 1 18 19 2 2 8 8 3 6 2 3 

P r - - - - - - - -
S c 3 0 3 5 49 3 7 4 1 3 1 4 1 19 

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

C r 2 7 0 2 4 6 1 2 6 1 6 3 8 8 2 4 5 9 4 1 2 2 

N i 2 3 1 3 5 6 3 5 5 1 1 0 1 1 0 56 49 

Cu 4 7 2 8 7 4 8 3 7 6 1 7 2 5 8 3 1 

Zn 7 0 1 0 2 1 1 3 9 4 1 0 3 1 0 8 1 2 1 1 1 5 

S n - - - - - - - -
Ga 1 6 16 18 19 19 1 5 2 0 2 0 

A s < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 

S 1 1 6 0 9 0 0 7 0 0 1 8 1 0 9 0 0 5 0 0 0 1 7 0 0 1 1 9 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 6 8 2 8 6 2 8 5 6 9 0 8 6 2 8 5 8 6 0 8 6 2 8 5 9 0 5 8 6 2 8 5 9 6 4 8 6 2 8 6 2 3 7 8 6 2 8 5 6 0 3 8 6 2 8 5 6 4 4 

L o c a l i t y W o f L a k e l k m S  o f F u l l e r l k m S  o f l k m N  o f 5km S  o f C u r r i t u c k T h o m a s 

D o l g o e E d g e w o r t h I s l a n d E d g e w o r t h E d g e w o r t h D o b r o w o l - I s l a n d I s l a n d S 

D a v i d D a v i d D a v i d s k i SE 

L i t h o l o g y Q u a r t z Q u a r t z O l i v i n e Q u a r t z O l i v i n e Q u a r t z H i g h - M g O l H i g h - M g O l 

t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 1 G r o u p 1 G r o u p 1 G r o u p 1 G r o u p 1 G r o u p 1 G r o u p 2 ? G r o u p 2 

S i 0 2 
5 2 . 3 0 5 1 . 6 0 4 8 . 9 0 5 0 . 7 0 4 9 . 6 0 5 3 . 0 0 4 9 . 1 0 4 9 . 2 0 

T i 0 2 1 . 7 2 1 . 6 9 2 . 2 8 1 . 7 1 2 . 1 1 1 . 5 6 2 . 4 7 1 . 6 3 

A l 2 ° 3 
1 5 . 2 0 1 4 . 9 8 1 4 . 4 0 1 4 . 7 6 1 4 . 6 3 1 4 . 9 7 9 . 8 7 1 4 . 6 3 

F e 2 ° 3 
2 . 6 6 3 . 8 1 2 . 8 7 2 . 5 9 3 . 2 1 1 . 8 5 2 . 9 3 3 . 0 2 

FeO 8 . 0 3 7 . 0 3 8 . 4 0 8 . 1 6 8 . 1 0 9 . 0 0 1 0 . 3 1 8 . 9 3 

MnO . 1 5 . 1 6 . 1 6 . 1 5 . 1 6 . 1 6 . 1 9 . 1 9 

MgO 5 . 4 9 5 . 5 2 5 . 8 3 5 . 2 8 5 . 9 8 5 . 6 4 1 2 . 5 7 8 . 6 4 

CaO 8 . 5 1 8 . 1 7 7 . 5 7 8 . 2 7 8 . 1 0 8 . 1 1 8 . 9 4 9 . 2 3 

N a 2 0 3 . 4 2 3 . 3 5 3 . 2 6 3 . 1 8 3 . 4 6 3 . 2 7 1 . 8 3 2 . 8 3 

K 2 0 . 8 4 . 7 8 1 . 8 3 . 7 8 1 . 3 5 . 6 3 . 9 0 . 4 9 

P 2 ° 5 
. 3 6 . 3 5 . 5 6 . 3 4 . 5 0 . 2 6 . 2 4 . 1 9 

H 2 0 + - - 1 . 0 7 . 6 8 - - - -
H 2 0 - - - . 0 4 . 1 3 - - - -
co 2 - - 2 . 2 4 2 . 5 3 - - - -
LOI 1 . 3 1 2 . 0 5 - - 2 . 4 6 1 . 1 8 . 8 1 1 . 2 4 

R e s t . 3 3 . 3 5 . 5 3 . 4 2 . 5 0 . 3 2 . 5 6 . 3 2 

T o t a l 1 0 0 . 3 2 9 9 . 8 4 9 9 . 9 4 9 9 . 6 8 1 0 0 . 1 6 9 9 . 9 5 1 0 0 . 7 2 1 0 0 . 5 4 

0 = F , S , C l . 0 5 . 0 6 . 0 9 . 1 0 . 0 9 . 0 6 . 0 4 . 0 6 

T o t a l 1 0 0 . 2 7 9 9 . 7 8 9 9 . 8 5 9 9 . 5 8 1 0 0 . 0 6 9 9 . 8 9 1 0 0 . 6 8 1 0 0 . 4 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 3 5 4 3 1 3 4 9 5 3 3 0 5 4 3 2 4 5 2 7 8 1 0 2 

Rb 1 5 14 4 0 15 2 5 1 1 2 6 9 

S r 6 2 7 5 8 0 8 5 7 5 7 1 8 7 7 4 9 5 3 3 7 3 2 7 

P b 3 4 2 4 5 7 3 7 4 

Th 1 < 1 2 < 1 2 < 1 3 < 1 

U . 5 0 < . 5 0 < . 5 0 < . 5 0 . 5 0 < . 5 0 1 . 5 0 . 5 0 

Z r 1 0 2 96 1 5 7 1 0 0 1 3 6 8 3 2 0 0 1 0 0 

Nb 2 2 22 4 1 2 3 37 16 1 1 10 

Y 2 2 2 0 2 2 2 0 2 2 19 2 8 18 

L a 16 17 2 2 14 2 4 12 2 0 8 

C e 3 5 32 5 4 3 5 5 0 2 7 5 5 2 6 

Nd 2 2 19 32 2 0 32 17 3 2 16 

P r - - - - - - - -
S c 19 2 4 18 2 1 17 1 8 2 9 2 4 

V 1 1 7 1 2 5 1 1 2 1 1 9 1 1 3 1 1 2 3 1 5 1 7 4 

C r 1 1 6 1 4 4 1 3 6 1 2 8 1 4 2 1 6 4 1 1 3 9 3 1 9 

N i 46 5 7 6 7 5 0 7 5 6 3 3 7 2 1 7 0 

Cu 2 8 37 3 4 3 1 32 3 4 8 5 6 0 

Zn 1 1 1 1 1 1 1 6 4 1 1 8 1 2 9 1 1 4 1 0 9 1 0 4 

S n - - - - - - - -
Ga 19 2 0 2 0 2 0 2 0 2 1 19 1 8 

A s < . 5 0 . 5 0 1 . 0 0 1 . 0 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 

S 

i? 
9 8 0 1 1 8 0 1 1 4 0 1 9 3 0 1 6 7 0 1 1 3 0 4 0 5 1 1 0 0 

r 
C l 2 4 5 2 7 0 1 3 2 0 2 6 5 4 9 5 1 8 5 1000 1 1 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 6 5 4 8 6 2 8 5 6 5 5 8 6 2 8 5 6 5 6 8 6 2 8 6 2 0 1 7 7 2 8 4 7 3 6 8 6 2 8 5 9 0 2 8 6 2 8 5 9 1 3 8 6 2 8 5 9 3 6 

L o c a l i t y T h o m a s T h o m a s T h o m a s E e n d o f 5km E  o f P a z C o v e F o s t e r 5km S W o f 

I s l a n d E  I s l a n d E  I s l a n d E A l g a e D o b r o w o l - SE I s l a n d D o b r o w o l -

L a k e s k i s k i 

L i t h o l o g y H i g h - M g O l H i g h - M g O l H i g h - M g O l H i g h - M g O l O l i v i n e Q u a r t z Q u a r t z Q u a r t z 

t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 2  G r o u p 2  G r o u p 2 G r o u p 2 G r o u p 3 A G r o u p 3 A G r o u p 3 A G r o u p 3 A 

S i 0 2 4 8 . 6 0 4 8 . 5 0 4 7 . 8 0 4 6 . 3 0 4 7 . 2 0 4 8 . 6 0 4 7 . 4 0 4 8 . 8 0 

T i 0 2 3 . 3 2 2 . 9 5 2 . 8 8 2 . 7 6 3 . 6 8 3 . 6 3 3 . 7 4 3 . 6 7 

A 1 2 0 3 1 1 . 7 4 1 0 . 7 0 1 0 . 5 9 1 0 . 6 4 1 5 . 5 9 1 4 . 1 3 1 5 . 8 1 1 4 . 2 5 

F e 2 ° 3 
3 . 4 1 2 . 5 6 2 . 1 2 3 . 5 3 3 . 6 7 3 . 6 7 5 . 6 2 3 . 3 8 

FeO 1 0 . 6 7 1 1 . 6 5 1 1 . 9 7 1 0 . 3 9 1 0 . 2 2 1 0 . 6 2 8 . 6 8 1 0 . 8 4 

MnO . 1 9 . 2 0 . 2 0 . 1 9 . 2 0 . 2 2 . 2 1 . 2 2 

MgO 7 . 6 9 1 0 . 1 0 1 0 . 9 5 1 2 . 0 8 4 . 0 7 4 . 6 7 4 . 0 9 4 . 8 0 

CaO 9 . 6 4 9 . 1 0 8 . 4 2 8 . 2 3 8 . 0 1 7 . 8 1 8 . 2 3 7 . 9 0 

N a 2 0 2 . 3 0 2 . 0 0 2 . 0 3 1 . 7 5 3 . 1 5 2 . 7 1 3 . 0 8 2 . 8 7 

K 2 0 1 . 3 5 1 . 2 9 1 . 3 4 . 9 7 1 . 6 4 1 . 6 2 1 . 5 9 1 . 5 9 

P 2 ° 5 
. 3 2 . 3 2 . 3 3 . 2 9 . 6 4 . 5 6 . 6 2 . 5 3 

H 2 0 + - - - - . 9 5 - - -
H 2 0 - - - - - . 2 0 - - -
c o 2 - - - - . 2 2 - - -
LOI 1 . 0 1 1 . 0 7 . 9 3 2 . 0 4 - 1 . 5 3 . 7 1 1 . 0 2 

R e s t . 4 0 . 4 8 . 5 2 . 7 2 . 3 0 . 4 6 . 4 4 . 4 7 

T o t a l 1 0 0 . 6 4 1 0 0 . 9 2 1 0 0 . 0 8 9 9 . 8 9 9 9 . 7 4 1 0 0 . 2 3 1 0 0 . 2 2 1 0 0 . 3 4 

0 = F , S , C 1 . 0 3 . 0 4 . 0 4 . 1 3 . 0 2 . 0 9 . 0 8 . 1 0 

T o t a l 1 0 0 . 6 1 1 0 0 . 8 8 1 0 0 . 0 4 9 9 . 7 6 9 9 . 7 2 1 0 0 . 1 4 1 0 0 . 1 3 1 0 0 . 2 4 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 3 8 36 39 2 7 4 7 5 1 4 5 4 8 

S r 4 9 0 4 3 5 4 2 5 3 7 5 2 7 7 2 2 6 2 8 8 2 2 5 

P b 1 1 10 1 1 8 12 14 1 3 1 3 

Th 4 5 5 5 6 7 6 6 

U . 5 0 . 5 0 . 5 0 1 . 0 0 1 . 0 0 1 . 5 0 . 5 0 < . 5 0 

Z r 2 7 0 2 7 1 2 8 7 2 4 3 2 9 2 2 9 2 2 9 7 2 7 9 

Nb 17 16 17 15 19 16 16 15 

Y 3 4 3 4 3 5 3 1 57 57 56 57 

La 3 3 2 9 3 1 2 1 4 1 3 4 4 2 3 1 

C e 7 3 6 8 6 8 59 9 1 8 1 9 0 72 

Nd 4 4 4 0 4 2 36 4 7 4 4 5 1 4 1 

P r - - - - - - - -
S c 3 0 2 7 2 6 2 5 3 0 2 9 2 5 2 7 

V 3 4 8 3 1 7 2 9 9 2 8 8 2 3 8 2 8 8 2 2 6 2 8 1 

C r 3 8 3 7 7 0 9 8 5 9 7 8 2 4 4 7 2 8 5 0 

N i 1 2 2 2 3 8 3 4 5 5 9 8 3 8 5 0 3 3 5 3 

Cu 8 7 1 0 2 1 2 6 1 2 6 2 8 3 9 5 0 36 

Zn 1 0 9 1 1 4 1 1 6 1 1 6 1 4 2 1 4 9 1 4 1 1 4 2 

S n - - - - - - -
Ga 2 1 2 0 2 0 19 2 2 2 1 2 1 2 1 

A s < . 5 0 1 . 0 0 . 5 0 < . 5 0 1 . 0 0 < . 5 0 < . 5 0 < . 5 0 

S 4 1 0 6 9 0 6 7 5 2 6 3 0 5 0 0 1 7 5 0 1 5 6 0 2 0 3 0 

r 
C l 2 2 5 1 5 5 1 4 0 1 4 0 1 5 5 1 6 5 1 2 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 9 4 8 8 6 2 8 6 0 5 9 8 6 2 8 6 0 7 7 8 6 2 8 6 2 3 4 8 6 2 8 6 2 4 4 8 6 2 8 5 9 9 8 8 6 2 8 6 0 5 4 8 6 2 8 6 2 7 9 

L o c a l i t y 2km S W o f V e r t o l e t - K r y l a t y y 5km S  o f P a z C o v e Z a b y t y y M i l e s 7km E  o f 

D o b r o w o l - n y y P e n i n s u l a D o b r o w o l - E I s l a n d N I s l a n d E M i l e s 

s k i P e n i n s u l a s k i I s l a n d 

L i t h o l o g y Q u a r t z Q u a r t z O l i v i n e O l i v i n e O l i v i n e Q u a r t z O l i v i n e O l i v i n e 

t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 3 A G r o u p 3 A G r o u p 3 A G r o u p 3 A G r o u p 3 A G r o u p 3 B G r o u p 3 B ? G r o u p 3 B 

S i 0 2 4 7 . 1 0 4 8 . 9 0 4 7 . 4 0 4 7 . 7 0 4 7 . 4 0 4 6 . 3 0 4 6 . 6 0 4 7 . 2 0 

T i 0 2 3 . 8 5 3 . 6 3 3 . 7 3 3 . 6 8 3 . 7 1 3 . 5 0 3 . 0 8 2 . 7 7 

A l 2 ° 3 
1 5 . 6 0 1 4 . 1 7 1 5 . 6 1 1 5 . 9 5 1 5 . 6 6 1 4 . 1 5 1 4 . 9 2 1 4 . 3 4 

F e 2 ° 3 
5 . 8 8 2 . 7 7 2 . 9 9 3 . 4 2 3 . 4 3 5 . 8 9 5 . 4 9 3 . 4 2 

FeO 8 . 6 9 1 1 . 4 3 1 1 . 1 9 1 0 . 3 2 1 0 . 6 2 9 . 5 3 9 . 0 7 1 0 . 9 8 

MnO . 2 2 . 2 2 . 2 1 . 2 0 . 2 1 . 2 5 . 2 3 . 2 5 

MgO 4 . 1 7 4 . 5 2 4 . 2 8 4 . 0 0 4 . 0 6 5 . 2 7 5 . 7 8 5 . 4 1 

CaO 8 . 2 5 8 . 0 4 8 . 2 3 8 . 2 5 8 . 2 6 8 . 5 6 8 . 5 7 8 . 8 7 

N a 2 0 3 . 0 3 2 . 7 7 3 . 0 9 3 . 0 6 3 . 0 4 2 . 8 1 2 . 7 4 2 . 8 5 

K 2 0 1 . 5 9 1 . 6 7 1 . 6 1 1 . 6 1 1 . 6 4 1 . 3 5 1 . 3 1 1 . 3 1 

P 2 ° 5 
. 6 1 . 5 7 . 6 3 . 6 1 . 6 3 . 6 3 . 5 3 . 7 1 

H 2 0 + - - - - - - - -
H 2 0 -

c o 2 

LOI . 9 9 1 . 0 5 . 9 4 1 . 0 5 . 9 4 . 9 8 1 . 2 9 1 . 2 1 

R e s t . 4 7 . 4 8 . 5 2 . 4 4 . 5 1 . 4 9 . 4 8 . 5 1 

T o t a l 1 0 0 . 4 5 1 0 0 . 2 2 1 0 0 . 4 3 1 0 0 . 2 9 1 0 0 . 1 1 9 9 . 7 1 1 0 0 . 0 9 9 9 . 8 3 

0 = F , S , C 1 . 1 0 . 1 1 . 1 3 . 0 9 . 1 2 . 1 1 . 1 1 . 1 1 

T o t a l 1 0 0 . 3 5 1 0 0 . 1 2 1 0 0 . 3 0 1 0 0 . 2 0 9 9 . 9 9 9 9 . 6 0 9 9 . 9 8 9 9 . 7 2 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 6 3 9 6 2 6 6 2 3 6 3 4 6 4 8 4 4 2 4 5 2 6 0 9 

Rb 4 5 5 3 4 5 46 4 5 2 9 3 1 2 1 

s r 2 8 1 2 2 4 2 8 2 2 8 5 2 8 1 3 0 1 3 1 2 2 9 1 

P b 1 3 12 12 1 3 1 3 9 9 9 

Th 6 8 7 5 6 1 2 1 

U . 5 0 1 . 0 0 < . 5 0 1 . 0 0 1 . 0 0 1 . 0 0 . 5 0 . 5 0 

Z r 3 0 4 2 9 8 3 1 4 3 1 0 3 0 1 3 1 4 2 6 8 4 1 4 

Nb 17 17 18 17 18 17 16 16 

Y 5 9 59 6 0 5 8 6 0 56 4 9 6 1 

L a 3 7 3 7 3 6 39 3 8 2 6 2 3 2 7 

Ce 8 3 8 0 8 5 8 5 86 6 4 5 9 6 5 

Nd 4 7 4 7 5 0 4 8 49 3 8 3 8 46 

P r - - - - - - - -
S c 2 3 2 6 2 2 2 3 2 3 3 0 2 7 3 1 

V 2 3 1 2 7 5 2 1 2 2 1 3 2 1 2 3 4 9 2 9 0 2 6 9 

C r 3 2 46 3 1 2 2 2 3 8 9 7 7 7 8 

N i 4 4 5 1 4 8 39 4 0 3 8 5 4 39 

Cu 2 9 4 0 2 9 2 5 2 7 4 3 4 1 3 8 

Zn 1 4 8 1 4 4 1 4 3 1 3 9 1 4 0 1 3 8 1 2 3 1 3 4 

S n - - - - - - - -
Ga 2 3 2 2 2 2 2 3 2 2 2 2 2 0 2 1 

A s < . 5 0 < . 5 0 1 . 0 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 

S 

T? 

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

r 

C l 1 2 5 1 0 5 1 4 5 9 5 1 1 5 1 5 0 1 3 5 1 4 5 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 6 6 0 8 6 2 8 5 8 4 1 8 6 2 8 6 2 1 5 8 6 2 8 6 2 1 9 8 6 2 8 6 2 5 9 8 6 2 8 6 2 6 0 8 6 2 8 5 6 4 6 8 6 2 8 5 6 6 6 

L o c a l i t y T h o m a s S a t u r n A l g a e G e o l o g o v L i b e r t y L i b e r t y T h o m a s D i e g l m a n 

I s l a n d E  I s l a n d L a k e N E I s l a n d I s l a n d s S  I s l a n d s S  I s l a n d N  I s l a n d 

L i t h o l o g y O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e Q u a r t z 

t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e t h o l e i i t e 

d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 3 C G r o u p 3 C G r o u p 3 D G r o u p 3 D G r o u p 3 E G r o u p 3 E 

O l i v i n e O l i v i n e 

d o l e r i t e d o l e r i t e 

d y k e d y k e 

G r o u p 4 A G r o u p 4 A 

S i 0 2 4 5 . 3 0 4 5 . 6 0 4 5 . 3 0 4 5 . 0 0 4 8 . 5 0 4 9 . 1 0 4 5 . 6 0 4 6 . 5 0 

T i 0 2 4 . 0 6 4 . 1 1 4 . 1 6 4 . 1 9 2 . 7 0 2 . 6 7 3 . 2 7 3 . 2 1 

A l 2 ° 3 
1 3 . 5 9 1 3 . 6 6 1 2 . 6 0 1 2 . 2 5 1 3 . 0 2 1 3 . 2 3 1 5 . 7 8 1 5 . 9 8 

F e 2 ° 3 
3 . 6 2 2 . 8 3 4 . 0 4 2 . 7 8 2 . 4 5 5 . 1 4 3 . 7 4 3 . 1 5 

F e O 1 2 . 4 4 1 3 . 0 9 1 2 . 3 7 1 3 . 8 1 1 3 . 6 3 1 1 . 1 0 1 0 . 7 1 1 1 . 2 2 

MnO . 2 7 . 2 8 . 2 8 . 2 9 . 2 9 . 2 9 . 2 1 . 2 1 

MgO 4 . 9 5 4 . 8 2 4 . 4 6 4 . 6 4 2 . 7 8 2 . 8 6 6 . 2 0 6 . 2 3 

CaO 8 . 4 8 8 . 5 0 8 . 2 6 8 . 3 7 6 . 2 1 6 . 2 8 8 . 3 5 8 . 5 3 

N a 2 ° 
2 . 7 9 2 . 8 8 2 . 8 7 2 . 7 5 3 . 5 3 3 . 5 4 3 . 1 4 2 . 8 8 

K 2 0 1 . 6 1 1 . 6 4 1 . 8 3 1 . 8 4 2 . 6 4 2 . 7 5 . 9 1 . 9 1 

P 2 ° 5 
1 . 1 3 1 . 1 2 2 . 3 3 2 . 4 0 1 . 6 8 1 . 7 1 . 4 3 . 4 4 

H 2 0 + - - - - - - - -
H 2 0 -

c o 2 

LOI 1 . 1 7 1 . 4 4 1 . 2 1 . 9 8 1 . 4 9 . 7 6 1 . 2 9 . 8 2 

R e s t . 5 2 . 5 5 . 5 8 . 5 2 . 6 4 . 6 0 . 4 7 . 3 8 

T o t a l 9 9 . 9 3 1 0 0 . 5 2 1 0 0 . 2 9 9 9 . 8 2 9 9 . 5 6 1 0 0 . 0 3 1 0 0 . 1 0 1 0 0 . 4 6 

0 = F , S , C 1 . 1 1 . 1 2 . 1 3 . 1 1 . 1 2 . 1 1 . 1 3 . 0 8 

T o t a l 9 9 . 8 2 1 0 0 . 4 0 1 0 0 . 1 6 9 9 . 7 1 9 9 . 4 3 9 9 . 9 2 9 9 . 9 7 1 0 0 . 3 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 6 6 9 6 5 6 8 5 8 6 7 6 1 5 2 4 1 4 5 7 3 4 1 3 2 3 

Rb 3 8 3 8 4 1 4 1 4 8 5 1 1 8 19 

S r 3 0 3 3 0 1 2 7 4 2 6 3 3 4 5 3 4 3 2 9 2 2 9 6 

P b 12 12 1 1 12 15 15 6 6 

Th 2 3 3 2 3 2 1 1 

U . 5 0 1 . 5 0 < . 5 0 < . 5 0 1 . 0 0 . 5 0 . 5 0 1 . 0 0 

Z r 3 8 4 3 9 8 4 7 7 4 8 3 4 7 1 4 9 6 2 0 3 2 1 2 

Nb 2 2 2 3 18 18 4 1 4 1 1 1 1 1 

y 7 0 7 1 82 8 1 8 5 8 8 4 2 4 0 

L a 4 7 4 3 4 4 4 1 6 2 6 3 19 14 

C e 1 0 6 1 0 3 1 0 7 1 0 6 1 3 1 1 3 6 4 1 4 2 

Nd 

P r 

S c 

6 7 66 7 8 7 8 8 3 8 2 2 5 2 5 Nd 

P r 

S c 2 9 3 1 3 4 3 4 1 8 2 1 2 4 2 5 

V 2 8 2 2 8 2 1 9 9 2 0 2 3 5 2 9 2 2 6 2 3 4 

C r 2 8 2 6 2 2 < 2 < 2 7 4 76 

N i 2 7 2 8 9 8 < 2 < 2 8 0 8 2 

Cu 3 4 3 3 3 3 3 3 2 1 2 2 3 8 6 5 

Zn 

S n 

Ga 

1 4 8 1 5 4 1 6 5 1 7 0 1 7 7 1 7 9 1 1 6 1 1 7 Zn 

S n 

Ga 2 4 2 3 2 1 2 0 2 3 2 3 2 0 19 

A s < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 

S 
p 

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

JT 

C l 1 7 5 2 3 0 1 1 0 1 0 5 4 3 0 3 4 5 2 0 0 1 2 5 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 6 6 7 8 6 2 8 5 8 6 4 8 6 2 8 5 8 6 5 8 6 2 8 5 8 7 7 8 6 2 8 5 9 2 9 8 6 2 8 5 9 3 9 8 6 2 8 6 0 8 7 8 6 2 8 6 0 9 7 

L o c a l i t y D i e g l m a n A v i a t o r o v A v i a t o r o v 2km S E o f S T a y l o r 5km S W o f K r y l a t y y B u n g e r 

I s l a n d P e n i n s u l a P e n i n s u l a D o b r o w o l - I s l a n d s D o b r o w o l - P e n i n s u l a H i l l s S E 

N N s k i s k i SW 

L i t h o l o g y O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e 

d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 4 A G r o u p 4 A G r o u p 4 A G r o u p 4 A G r o u p 4 A G r o u p 4 A G r o u p 4 A G r o u p 4 A 

S i 0 2 

T i 0 2 

A l 2 ° 3 

4 5 . 9 0 4 5 . 7 0 4 5 . 4 0 4 5 . 6 0 4 5 . 9 0 4 5 . 0 0 4 5 . 6 0 4 5 . 3 0 S i 0 2 

T i 0 2 

A l 2 ° 3 

3 . 2 6 3 . 3 6 2 . 9 0 3 . 0 5 3 . 3 3 3 . 1 0 3 . 2 0 3 . 2 5 

S i 0 2 

T i 0 2 

A l 2 ° 3 
1 5 . 9 1 1 5 . 8 5 1 6 . 4 7 1 6 . 8 3 1 5 . 9 8 1 6 . 0 5 1 6 . 0 3 1 5 . 9 2 

F e 2 ° 3 
2 . 8 3 3 . 7 1 3 . 6 9 3 . 9 7 4 . 3 6 5 . 6 4 3 . 3 3 3 . 3 5 

FeO 1 1 . 5 9 1 0 . 8 3 9 . 6 5 9 . 0 4 9 . 8 3 8 . 6 1 1 1 . 0 1 1 1 . 0 5 

MnO . 2 1 . 2 1 . 1 9 . 1 8 . 1 9 . 2 0 . 2 1 . 2 0 

MgO 6 . 2 7 5 . 7 9 6 . 3 8 5 . 8 4 5 . 8 0 6 . 1 1 6 . 1 2 6 . 0 7 

CaO 8 . 4 9 8 . 4 4 8 . 5 3 8 . 7 9 8 . 4 8 8 . 5 2 8 . 6 2 8 . 5 0 

N a 2 0 3 . 0 6 3 . 1 0 3 . 0 8 3 . 1 5 3 . 2 3 3 . 1 2 3 . 1 0 3 . 0 1 

K 2 ° 
. 9 2 . 9 2 . 8 2 . 8 3 1 . 0 1 . 8 0 . 8 6 . 8 8 

P 2 ° 5 
. 4 4 . 4 5 . 3 9 . 4 0 . 4 3 . 3 8 . 4 2 . 4 4 

H 2 0 + - - - - - - - -
H 2 0 -

c o 2 

LOI . 9 2 1 . 4 7 2 . 4 1 2 . 0 5 1 . 4 5 1 . 8 4 1 . 4 9 1 . 8 5 

R e s t . 4 3 . 4 0 . 3 5 . 4 2 . 5 1 . 5 5 . 3 8 . 3 8 

T o t a l 1 0 0 . 2 3 1 0 0 . 2 3 1 0 0 . 2 6 1 0 0 . 1 5 1 0 0 . 5 0 9 9 . 9 2 1 0 0 . 3 7 1 0 0 . 2 0 

0 = F , S , C 1 . 1 1 . 0 9 . 0 7 . 1 0 . 1 3 . 1 6 . 0 8 . 0 8 

T o t a l 1 0 0 . 1 2 1 0 0 . 1 4 1 0 0 . 1 8 1 0 0 . 0 4 1 0 0 . 3 7 9 9 . 7 5 1 0 0 . 2 8 1 0 0 . 1 2 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 3 4 5 3 4 6 2 9 0 3 2 2 3 5 9 3 0 1 3 1 1 3 3 0 

Rb 18 19 16 15 2 2 16 17 18 

s r 2 9 4 295 3 0 7 3 1 3 2 9 0 2 9 6 2 9 3 2 8 5 

P b 7 6 6 6 5 4 5 6 

Th 1 1 1 < 1 3 1 2 < 1 

U . 5 0 . 5 0 . 5 0 . 5 0 < . 5 0 . 5 0 < . 5 0 . 5 0 

Z r 2 1 0 2 1 0 1 8 7 1 9 1 2 1 8 1 9 2 2 0 2 2 0 6 

Nb 12 9 1 1 1 0 10 1 0 10 1 0 

Y 4 3 4 4 36 39 42 4 0 4 1 42 

La 15 17 12 1 5 14 14 14 1 3 

Ce 4 4 4 2 3 5 4 1 4 2 3 9 4 1 4 3 

Nd 2 6 2 7 2 3 26 2 8 2 4 2 6 2 5 

P r - - - - - - - -
S c 2 4 2 3 2 3 2 4 2 7 2 1 2 3 2 6 

V 2 2 7 2 2 3 2 0 0 2 0 7 2 5 1 2 2 5 2 2 0 2 5 3 

c r 7 4 7 0 6 5 6 2 7 4 6 3 6 8 7 3 

N i 8 0 7 7 1 0 5 95 8 2 9 1 8 5 8 4 

Cu 3 7 42 3 5 3 5 4 4 3 8 3 9 4 2 

Zn 1 1 9 1 1 5 1 1 1 1 0 9 1 3 5 1 2 3 1 1 9 1 2 5 

S n - - - - - - - -
Ga 19 19 19 2 0 2 0 19 19 2 1 

A s < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 . 5 0 < . 5 0 

S 

F 

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

r 
C l 120 110 95 155 425 3 8 5 115 75 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 8 7 2 8 6 2 8 5 9 6 6 8 6 2 8 5 9 9 7 8 6 2 8 6 0 7 5 8 6 2 8 6 0 7 6 8 6 2 8 6 0 4 8 8 6 2 8 6 0 5 0 7 7 2 8 4 7 3 9 

L o c a l i t y S o f l k m N  o f H i g h j u m p P a z C o v e P a z C o v e M i l e s M i l e s T h o m a s 

P a r r o t E d g e w o r t h A r c h i p e l - NE NE I s l a n d W I s l a n d w I s l a n d E 

I s l a n d D a v i d a g o S E 

L i t h o l o g y O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e 

d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 4 B G r o u p 4 B ? G r o u p 4 B G r o u p 4 B G r o u p 4 B G r o u p 4 C G r o u p 4 C G r o u p 4 D 

S i 0 2 
4 4 . 6 0 4 4 . 9 0 4 4 . 7 0 4 4 . 7 0 4 4 . 6 0 4 6 . 8 0 4 6 . 6 0 4 4 . 0 0 

T i 0 2 
3 . 6 7 4 . 0 0 3 . 7 4 3 . 3 0 3 . 5 6 2 . 4 0 2 . 5 9 3 . 6 7 

A l 2 ° 3 
1 5 . 4 5 1 5 . 2 7 1 5 . 1 6 1 5 . 6 5 1 5 . 4 9 1 6 . 1 4 1 5 . 6 8 1 4 . 9 2 

F 6 2 ° 3 
2 . 8 4 4 . 2 0 4 . 3 7 2 . 6 9 3 . 6 2 3 . 8 9 2 . 9 1 4 . 6 7 

FeO 1 2 . 3 4 1 1 . 5 4 1 1 . 3 4 1 1 . 9 0 1 1 . 5 5 9 . 2 0 1 0 . 3 2 1 1 . 3 9 

MnO . 2 3 . 2 2 . 2 2 . 2 1 . 2 2 . 2 1 . 2 1 . 2 2 

MgO 6 . 1 5 5 . 6 6 5 . 6 1 6 . 9 1 6 . 4 7 6 . 3 8 6 . 1 1 5 . 7 1 

CaO 8 . 8 6 8 . 4 8 8 . 1 7 8 . 9 8 8 . 8 5 8 . 8 4 8 . 7 5 8 . 1 9 

N a 2 ° 
3 . 1 4 3 . 0 1 3 . 2 7 2 . 9 6 2 . 9 0 2 . 9 1 2 . 9 2 3 . 0 6 

K 2 0 . 9 0 1 . 1 1 1 . 0 5 . 7 9 . 8 5 . 9 5 . 9 9 1 . 2 8 

P 2 ° 5 
. 7 2 . 7 9 . 6 0 . 6 2 . 7 0 . 3 1 . 3 4 . 6 7 

H 2 0 + - - - - - - - . 7 6 

H 2 0 - - - - - - - - . 1 2 

co 2 - - - - - - - . 3 9 

LOI 1 . 1 8 . 6 2 1 . 5 6 1 . 1 1 . 9 4 1 . 8 3 1 . 7 0 -
R e s t . 4 7 . 4 4 . 5 0 . 4 6 . 4 0 . 4 5 . 7 0 . 4 1 

T o t a l 1 0 0 . 5 5 1 0 0 . 2 4 1 0 0 . 2 9 1 0 0 . 2 8 1 0 0 . 1 5 1 0 0 . 3 1 9 9 . 8 2 9 9 . 4 6 

0 = F , S , C l . 1 2 . 1 0 . 1 3 . 1 3 . 0 9 . 1 2 . 2 4 . 0 8 

T o t a l 1 0 0 . 4 3 1 0 0 . 1 4 1 0 0 . 1 6 1 0 0 . 1 6 1 0 0 . 0 6 1 0 0 . 2 0 9 9 . 5 8 9 9 . 3 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 3 4 4 4 7 8 4 4 2 2 9 5 2 9 1 3 2 1 3 2 7 3 3 5 

Rb 16 16 2 1 14 1 4 14 1 5 2 9 

S r 3 2 0 3 1 2 2 9 0 3 2 7 3 2 0 3 6 6 3 5 6 3 3 3 

P b 7 5 8 6 6 5 6 9 

Th 1 < 1 1 < 1 < 1 < 1 1 3 

U 1 . 0 0 < . 5 0 < . 5 0 1 . 0 0 . 5 0 . 5 0 < . 5 0 . 5 0 

Z r 2 4 6 2 5 0 2 5 5 2 0 8 2 5 2 1 9 1 2 0 8 3 0 3 

Nb 1 0 1 0 1 1 9 1 0 1 1 12 1 8 

Y 4 6 4 4 4 7 4 0 4 4 3 4 3 6 5 1 

L a 16 16 2 0 15 15 15 16 3 5 

C e 4 8 4 4 5 1 40 4 3 3 5 39 79 

Nd 3 2 3 1 3 5 2 8 2 9 2 4 2 4 4 3 

P r - - - - - - - -
S c 2 5 2 5 2 4 2 5 2 7 2 6 2 7 3 2 

V 2 5 1 2 6 6 2 6 3 2 1 8 2 3 6 2 4 7 2 6 1 3 2 2 

C r 7 7 49 6 7 6 8 7 1 7 5 7 2 4 3 

N i 6 7 6 0 5 8 9 3 8 2 6 5 5 5 4 9 

Cu 5 5 3 8 4 2 5 0 4 8 4 2 4 2 3 7 

Zn 1 1 2 1 3 0 1 2 7 1 0 5 1 1 5 1 0 4 1 0 7 1 3 8 

S n - - - - - - - -
Ga 2 1 2 0 2 1 2 0 2 1 2 0 2 1 2 3 

A s < . 5 0 . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 1 . 0 0 

S 
p 

2 3 7 0 2 0 4 0 2 5 7 0 2 4 5 0 1 7 7 0 2 2 4 0 4 7 2 0 1 6 0 0 

C l 1 2 5 7 0 1 2 5 1 3 5 1 0 5 1 7 5 1 6 5 _ 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 7 7 2 8 4 7 4 1 8 6 2 8 5 6 5 7 8 6 2 8 5 8 1 2 8 6 2 8 5 8 1 8 8 6 2 8 5 8 3 3 8 6 2 8 5 8 3 9 8 6 2 8 5 8 4 0 8 6 2 8 5 9 7 1 

L o c a l i t y T h o m a s T h o m a s B o o t h B o o t h G e o m o r f o l - S a t u r n S a t u r n B o o t h 

I s l a n d E I s l a n d E P e n i n s u l a P e n i n s u l a o g o v I s l a n d I s l a n d P e n i n s u l a 

P e n i n s u l a W 

L i t h o l o g y O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e 

d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 4 D ? G r o u p 4 D G r o u p 4 D G r o u p 4 D G r o u p 4 D G r o u p 4 D G r o u p 4 D G r o u p 4 D 

S i 0 2 4 4 . 0 0 4 6 . 8 0 4 5 . 0 0 4 4 . 8 0 4 4 . 9 0 4 4 . 2 0 4 3 . 9 0 4 4 . 7 0 

T i 0 2 3 . 7 1 2 . 9 7 3 . 8 9 3 . 9 1 4 . 0 0 3 . 7 0 3 . 7 7 3 . 9 7 

A l 2 ° 3 
1 4 . 9 1 1 6 . 4 4 1 4 . 1 7 1 4 . 2 0 1 4 . 3 3 1 5 . 0 1 1 5 . 1 0 1 4 . 4 3 

F e 2 ° 3 
5 . 6 0 3 . 0 0 2 . 9 6 3 . 2 2 3 . 5 7 3 . 9 4 4 . 1 8 2 . 8 3 

FeO 1 0 . 2 8 1 0 . 7 2 1 2 . 8 6 1 2 . 5 9 1 2 . 3 2 1 1 . 7 5 1 1 . 7 4 1 3 . 3 1 

MnO . 2 1 . 2 3 . 2 5 . 2 5 . 2 5 . 2 4 . 2 4 . 2 5 

MgO 5 . 5 6 4 . 2 4 5 . 4 8 5 . 4 3 5 . 1 4 5 . 7 3 5 . 9 0 5 . 3 5 

CaO 8 . 1 1 7 . 7 6 8 . 2 2 8 . 3 4 8 . 0 5 8 . 2 7 8 . 3 6 8 . 1 0 

N a 2 0 3 . 0 8 3 . 6 4 2 . 9 6 3 . 0 0 3 . 0 6 3 . 0 6 3 . 0 3 3 . 0 6 

K 2 0 1 . 2 9 1 . 7 3 1 . 3 9 1 . 3 6 1 . 4 5 1 . 2 5 1 . 1 7 1 . 4 6 

P 2 ° 5 
. 6 8 . 7 5 . 7 6 . 7 8 . 8 0 . 6 7 . 6 3 . 7 6 

H 2 0 + 1 . 0 7 - - - - - - -
H 2 0 - . 2 6 - - - - - - -
c o 2 . 4 0 - - - - - - -
LOI - 1 . 6 0 1 . 6 4 1 . 5 8 1 . 6 3 1 . 6 9 1 . 4 4 1 . 4 3 

R e s t . 4 5 . 4 4 . 5 5 . 5 7 . 5 3 . 5 1 . 4 9 . 5 7 

T o t a l 9 9 . 6 1 1 0 0 . 3 2 1 0 0 . 1 3 1 0 0 . 0 3 1 0 0 . 0 3 1 0 0 . 0 2 9 9 . 9 5 1 0 0 . 2 2 

0 = F , S , C 1 . 1 0 . 0 8 . 1 4 . 1 5 . 1 2 . 1 2 . 1 2 . 1 4 

T o t a l 9 9 . 5 1 1 0 0 . 2 4 1 0 0 . 0 0 9 9 . 8 8 9 9 . 9 1 9 9 . 9 0 9 9 . 8 3 1 0 0 . 0 8 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 3 4 4 5 5 0 4 9 4 4 7 7 4 8 9 3 8 0 3 5 2 4 8 3 

Rb 3 0 4 0 3 3 3 2 36 2 9 2 7 3 4 

S r 3 2 5 3 7 3 2 9 8 3 0 5 3 1 0 3 3 2 3 4 1 3 1 0 

P b 8 1 0 8 9 12 9 8 1 0 

T h 2 3 2 2 2 1 < 1 2 

U 1 . 0 0 . 5 0 . 5 0 1 . 0 0 1 . 0 0 . 5 0 < . 5 0 < . 5 0 

Z r 3 0 6 3 7 7 3 4 0 3 3 4 3 5 5 3 2 9 3 0 5 3 6 2 

Nb 19 2 3 2 0 2 0 2 0 19 18 2 0 

Y 5 2 6 2 59 5 8 6 2 5 4 52 6 0 

L a 3 2 3 2 36 3 3 36 2 8 2 4 3 5 

C e 7 2 8 1 82 8 1 8 7 6 8 62 8 6 

Nd 4 1 5 1 5 2 5 3 56 4 3 39 5 3 

P r - - - - - - - -
S c 3 6 2 4 2 8 2 8 2 7 2 8 2 6 2 7 

V 3 3 2 2 0 5 3 1 4 3 0 2 3 0 4 3 1 3 2 9 8 3 0 8 

C r 4 3 2 4 6 5 5 5 4 8 46 3 8 4 7 

N i 4 9 26 42 4 4 4 0 5 3 5 3 4 3 

Cu 3 2 2 5 38 3 8 3 5 3 8 3 8 3 8 

Zn 1 3 1 1 3 2 1 4 2 1 4 5 1 4 6 1 4 4 1 3 1 1 5 0 

S n - - - - - - - -
Ga 2 2 2 3 2 2 2 3 2 3 2 2 2 2 2 4 

A s 1 . 0 0 1 . 0 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 . 5 0 

S 

j? 
2 0 0 0 1 4 6 0 2 6 2 0 2 8 3 0 2 4 1 0 2 3 5 0 2 3 0 0 2 7 3 0 

C l - 3 3 0 1 9 0 2 0 0 1 7 5 2 3 5 2 2 0 2 2 0 
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Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 9 7 3 8 6 2 8 5 9 7 7 8 6 2 8 5 8 0 2 8 6 2 8 5 8 0 3 8 6 2 8 5 8 1 1 8 6 2 8 5 8 3 2 7 7 2 8 4 7 3 4 7 7 2 8 4 7 3 5 

L o c a l i t y B o o t h B o o t h O b r u c h e v O b r u c h e v O b r u c h e v G e o m o r f o l - D o b r o w o l - D o b r o w o l -

P e n i n s u l a P e n i n s u l a H i l l s C H i l l s c H i l l s N E o g o v s k i s k i 

w w P e n i n s u l a 

L i t h o l o g y O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e 

d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 4 D G r o u p 4 D G r o u p 4 E G r o u p 4 E G r o u p 4 E ? G r o u p 4 E G r o u p 4 ? G r o u p 4 

S i 0 2 4 3 . 9 0 4 4 . 9 0 4 5 . 5 0 4 5 . 0 0 4 4 . 9 0 4 4 . 4 0 4 5 . 9 0 4 7 . 8 0 

T i 0 2 4 . 0 9 3 . 9 8 3 . 2 4 3 . 3 4 3 . 8 2 3 . 0 8 1 . 5 5 1 . 9 0 

A l 2 ° 3 
1 4 . 1 3 1 4 . 1 8 1 5 . 3 5 1 5 . 0 4 1 4 . 7 4 1 5 . 7 3 1 5 . 9 4 1 7 . 5 3 

F e 2 0 3 3 . 4 9 2 . 1 3 3 . 9 8 4 . 7 9 3 . 7 5 2 . 7 7 1 . 7 4 2 . 5 4 

FeO 1 2 . 8 1 1 4 . 0 2 1 0 . 4 0 1 0 . 1 6 1 1 . 8 5 1 0 . 8 4 1 1 . 1 1 8 . 9 3 

MnO . 2 5 . 2 5 . 2 4 . 2 4 . 2 6 . 2 2 . 1 8 . 1 5 

MgO 5 . 4 7 5 . 4 3 6 . 9 2 6 . 7 1 5 . 9 7 6 . 4 5 1 0 . 5 5 5 . 8 2 

CaO 8 . 2 7 8 . 3 2 9 . 2 9 9 . 0 3 9 . 0 0 9 . 5 1 7 . 6 4 8 . 5 5 

N a 2 0 2 . 9 8 2 . 8 9 2 . 9 7 2 . 9 4 3 . 1 7 3 . 1 4 2 . 8 0 3 . 1 6 

K 2 0 1 . 3 4 1 . 4 0 . 7 3 . 7 3 . 8 2 . 8 7 . 7 6 1 . 3 6 

P 2 ° 5 
. 7 5 . 8 1 . 4 2 . 4 3 . 4 9 . 5 1 . 3 3 . 2 9 

H 2 0 + - - - - - - . 7 1 1 . 5 1 

H 2 0 - - - - - - - . 1 2 . 2 1 

co 2 - - - - - - . 2 8 . 6 1 

LOI 2 . 0 3 1 . 1 2 1 . 0 0 . 8 2 1 . 1 2 1 . 7 5 - -
R e s t . 5 8 . 5 3 . 4 0 . 2 9 . 4 5 . 4 0 . 2 1 . 2 1 

T o t a l 1 0 0 . 0 9 9 9 . 9 6 1 0 0 . 4 4 9 9 . 5 2 1 0 0 . 3 4 9 9 . 6 7 9 9 . 8 2 1 0 0 . 5 7 

0 = F , S , C l . 1 5 . 1 2 . 0 9 . 0 4 . 1 0 . 0 8 . 0 2 . 0 1 

T o t a l 9 9 . 9 4 9 9 . 8 3 1 0 0 . 3 5 9 9 . 4 9 1 0 0 . 2 4 9 9 . 5 9 9 9 . 8 0 1 0 0 . 5 6 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 4 3 9 4 5 8 1 4 6 1 1 3 2 4 7 3 9 3 2 6 4 3 9 3 

Rb 3 1 3 2 6 7 1 5 2 6 17 2 9 

S r 3 0 8 2 9 7 2 9 8 2 9 5 2 6 5 3 5 9 2 7 8 2 9 6 

P b 9 9 5 3 6 5 5 9 

Th 1 3 < 1 < 1 < 1 < 1 1 2 

U < . 5 0 1 . 0 0 . 5 0 . 5 0 1 . 0 0 1 . 0 0 < . 5 0 . 5 0 

Z r 3 4 7 3 5 4 2 8 1 2 8 9 3 0 1 2 4 6 1 4 9 1 2 3 

Nb 19 2 2 1 2 1 1 16 1 0 8 7 

Y 5 8 6 0 49 5 1 6 0 4 8 3 0 2 8 

La 2 9 32 1 3 12 2 0 15 19 1 3 

C e 7 5 7 7 4 0 4 3 4 9 4 0 3 6 2 9 

Nd 4 7 5 0 2 9 3 0 3 4 2 8 2 1 16 

P r - - - - - - - -
S c 2 8 3 1 32 3 2 3 3 2 9 2 1 2 6 

V 3 3 2 3 1 6 3 0 9 3 2 3 3 3 0 2 2 6 8 7 1 4 9 

C r 5 3 7 1 1 0 4 1 0 6 1 2 0 1 1 3 3 7 9 9 

N i 4 4 4 3 6 9 7 1 5 8 6 0 2 5 2 1 0 9 

Cu 3 9 4 0 4 5 4 8 4 4 4 3 2 3 7 

Zn 1 5 2 1 5 3 1 1 3 1 2 2 1 3 5 9 9 9 8 9 8 

S n - - - - - - - -
Ga 2 3 2 3 2 3 2 2 2 4 2 1 16 2 0 

A s < . 5 0 . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 . 5 0 . 5 0 

S 2 8 6 0 2 3 8 0 1 8 1 0 6 7 0 1 9 4 0 1 6 4 0 4 0 0 2 0 0 

F - - - - - - - -
C l 2 3 5 1 6 0 8 5 8 5 1 8 5 1 0 0 - -
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Bunger Hills Igneous Rocks 

S a m p l e n u n b e r 7 7 2 8 4 7 4 0 8 6 2 8 5 9 9 1 8 6 2 8 6 0 4 9 8 6 2 8 6 0 9 1 8 6 2 8 6 2 2 3 8 6 2 8 5 9 5 4 8 6 2 8 6 0 8 5 8 6 2 8 5 6 8 8 

L o c a l i t y T h o m a s H i g h j u m p M i l e s K r y l a t y y G e o l o g o v L a k e K r y l a t y y 2km S W o f 

I s l a n d E A r c h i p e l - I s l a n d W P e n i n s u l a I s l a n d P o l y a n s - P e n i n s u l a E d g e w o r t h 

a g o S E SW k o g o D a v i d 

L i t h o l o g y O l i v i n e O l i v i n e O l i v i n e O l i v i n e O l i v i n e P i c r i t e P i c r i t e A n k a r a m i t e 

d o l e r i t e d o l e r i t e d o l e r i t e d o l e r i t e b a s a l t b a s a l t b a s a l t d y k e 

d y k e d y k e d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n G r o u p 4 G r o u p 4 G r o u p 4 G r o u p 4 

s i 0 2 
4 4 . 8 0 4 6 . 8 0 4 4 . 3 0 4 5 . 3 0 4 8 . 6 0 4 2 . 6 0 3 4 . 3 0 4 1 . 9 0 

T i 0 2 3 . 2 9 2 . 2 4 4 . 8 4 1 . 6 8 1 . 2 9 2 . 4 0 3 . 9 6 2 . 6 8 

A l 2 ° 3 
1 5 . 3 1 1 5 . 5 0 1 4 . 1 8 1 5 . 8 1 1 3 . 5 9 8 . 7 9 4 . 2 1 1 0 . 4 1 

F e 2 ° 3 
4 . 0 6 3 . 2 0 5 . 0 3 1 . 7 5 3 . 6 2 3 . 4 6 6 . 8 9 3 . 9 8 

FeO 1 1 . 2 9 9 . 6 5 1 1 . 7 9 1 1 . 4 5 5 . 6 7 9 . 4 7 8 . 7 5 1 0 . 4 2 

MnO . 2 3 . 2 1 . 2 5 . 1 9 . 1 5 . 1 8 . 2 0 . 2 0 

MgO 5 . 2 1 7 . 2 3 4 . 7 2 1 0 . 7 0 8 . 9 5 1 5 . 5 9 2 0 . 6 0 1 2 . 4 1 

CaO 7 . 9 7 1 0 . 2 9 8 . 0 3 7 . 7 3 8 . 3 5 8 . 7 8 9 . 5 3 1 0 . 1 0 

N a 2 ° 
3 . 3 3 2 . 5 8 3 . 2 5 2 . 6 8 2 . 2 0 2 . 0 9 . 1 6 2 . 4 3 

K 2 0 1 . 4 9 . 5 5 1 . 2 5 . 6 5 2 . 2 7 1 . 4 7 1 . 6 9 1 . 0 6 

P 2 ° 5 
1 . 0 7 . 2 3 . 9 2 . 2 7 . 6 4 . 4 1 . 5 1 . 3 9 

H 2 0 + . 9 8 - - - 1 . 5 7 1 . 9 5 2 . 8 9 . 7 9 

H 2 0 - . 1 3 - - - . 1 1 . 0 8 . 0 7 . 0 2 

c o 2 . 4 2 - - - 1 . 4 3 1 . 7 7 4 . 5 9 2 . 1 7 

LOI - 1 . 2 8 1 . 1 1 1 . 6 2 - - - -
R e s t . 3 9 . 3 8 . 5 2 . 3 4 1 . 2 1 . 7 0 . 6 4 . 6 7 

T o t a l 9 9 . 9 7 1 0 0 . 1 4 1 0 0 . 1 9 1 0 0 . 1 7 9 9 . 6 5 9 9 . 7 4 9 8 . 9 9 9 9 . 6 3 

0 = F , S , C 1 . 0 6 . 0 9 . 1 4 . 0 6 . 1 5 . 0 8 . 1 0 . 1 3 

T o t a l 9 9 . 9 0 1 0 0 . 0 5 1 0 0 . 0 5 1 0 0 . 1 0 9 9 . 5 0 9 9 . 6 6 9 8 . 8 9 9 9 . 5 1 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 4 1 6 1 9 8 3 9 2 2 4 9 3 7 2 0 1 0 1 2 4 7 1 3 3 7 

Rb 3 5 6 2 5 15 6 9 4 3 6 5 2 2 

S r 3 4 4 3 1 6 2 6 8 2 8 1 1 2 7 8 5 1 7 2 6 8 6 2 9 

P b 9 2 7 6 6 8 1 1 1 1 5 

T h 3 < 1 3 < 1 4 0 6 9 2 

U 1 . 0 0 < . 5 0 . 5 0 . 5 0 4 . 0 0 . 5 0 1 . 0 0 < . 5 0 

Z r 3 3 7 1 3 1 3 7 7 1 3 2 2 7 2 2 0 1 2 1 9 2 1 6 

Nb 2 1 8 16 6 1 3 4 7 1 0 8 3 2 

Y 6 3 3 3 66 2 8 3 1 2 2 17 2 1 

La 4 2 8 2 4 11 1 7 2 5 7 6 0 3 4 

C e 1 0 0 26 67 2 9 2 9 0 1 1 4 1 2 6 7 5 

Nd 5 5 17 47 18 1 2 1 5 7 6 5 3 4 

P r - - - - - - - -
S c 2 7 3 4 3 0 15 2 3 2 9 2 0 2 7 

V 2 6 6 2 9 5 2 6 1 1 0 7 1 8 3 3 0 9 2 5 9 3 2 1 

Cr 3 3 1 2 1 < 2 2 0 5 3 4 9 7 3 4 6 6 3 6 6 9 

N i 3 7 6 5 2 8 2 7 1 1 1 8 5 0 3 6 2 2 3 3 9 

Cu 2 9 5 5 36 2 7 2 5 7 0 1 0 9 8 8 

Zn 1 4 1 9 4 1 5 4 1 0 5 9 8 1 1 2 1 0 7 1 1 4 

S n - - - - - - - -
Ga 2 3 2 0 2 3 16 1 5 16 1 5 2 0 

A s 1 . 0 0 < . 5 0 < . 5 0 . 5 0 < . 5 0 . 5 0 3 0 . 0 0 < . 5 0 

S 1 3 0 0 1 7 7 0 2 6 7 0 1 1 4 0 1 1 7 0 1 3 3 0 1 8 7 0 2 3 5 0 

F - - - - 1 4 0 0 - - -
C l - 1 0 0 1 3 0 2 5 5 1 3 8 0 6 8 5 2 9 0 4 1 0 
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Bunger Hills Igneous Rocks 

Sample numbe r 86285823 86285824 86286046 8628606 7 86285611 86285637 86285677 86285912 

L o c a l i t y lkm E  o f lkm E  o f O b r y v i s t y y Pa z Cov e C u r r i t u c k Thomas W of Lak e lkm S E o f 

Edgeworth Edgeworth I s l a n d N E I s l a n d N I s l a n d S W Dolgoe Edgeworth 

David David NW David 

L i t h o l o g y Ankaramite Ankaramite Ankaramit e Ankaramit e A l k a l i 0 1 A l k a l i 0 1 A l k a l i 0 1 A l k a l i 0 1 

dyke dyke dyke dyk e b a s a l t b a s a l t b a s a l t b a s a l t 

dyke dyke dyke dyke 

C l a s s i f i c a t i o n 

S i 0 2 4 3 . 9 0 4 2 . 8 0 4 1 . 6 0 4 2 . 2 0 4 6 . 2 0 4 7 . 3 0 4 6 . 1 0 4 5 . 9 0 

T i 0 2 1 .82 2 . 8 5 3 . 5 0 2 . 6 3 . 9 1 1 .16 . 9 3 1 .47 

A 1 2 0 3 7 . 3 3 1 0 . 4 3 9 . 9 6 1 0 . 3 2 1 1 . 7 5 1 6 . 9 5 1 2 . 9 6 1 3 . 9 8 

F e 2 ° 3 2 . 5 7 3 . 1 5 5 . 1 7 2 . 4 0 2 . 8 4 3 . 6 5 3 . 4 3 3 . 3 6 

FeO 9 . 7 8 1 1 . 5 8 9 . 3 5 1 0 . 8 7 5 .96 4 . 6 9 3 . 9 8 4 . 9 8 

MnO . 1 8 . 2 1 .19 . 2 0 . 14 . 1 3 . 1 4 . 14 

MgO 1 6 . 5 8 1 3 . 3 7 8 . 8 5 1 3 . 8 8 1 3 . 4 9 6 . 6 3 1 2 . 4 9 7 . 3 0 

CaO 1 2 . 4 7 1 0 . 0 4 1 0 . 8 1 9 . 9 4 7 . 6 2 8 . 1 6 6 . 9 1 8 . 4 9 

N a 2 0 1 .50 2 . 2 2 2 . 8 1 2 . 2 5 1 .58 2 . 9 4 1 . 9 1 2 . 5 8 

K 2 0 . 5 5 .87 2 . 1 2 1 .13 4 . 3 0 2 . 3 4 4 . 8 9 5 . 1 4 

P 2 ° 5 . 1 8 .29 . 7 0 .39 . 70 . 6 3 . 9 5 1.19 

H 2 0+ .49 . 68 .96 1 .13 1 .94 1 .19 1 .88 1 .04 

H 2 0 - .05 . 08 .06 . 05 . 08 . 14 . 1 0 . 1 1 

oo2 1 .60 . 6 3 2 . 4 0 1 .76 .34 3 . 1 8 1 .68 2 . 6 1 

LOI - - - - - - - -
R e s t . 6 3 . 6 1 . 7 5 . 7 3 1 .52 1 .05 1 .58 1 .77 

T o t a l 9 9 . 6 3 9 9 . 8 1 9 9 . 2 3 9 9 . 8 8 9 9 . 3 7 1 0 0 . 1 4 9 9 . 9 3 100 .06 

0 = F , S , C 1 .09 . 1 1 . 1 4 . 14 .19 . 0 8 . 1 0 .14 

T o t a l 9 9 . 5 4 9 9 . 7 0 9 9 . 0 8 9 9 . 7 4 9 9 . 1 8 1 0 0 . 0 6 9 9 . 8 3 9 9 . 9 1 

Trace e l e m e n t s i n part s 3 p e r m i l l i o n 

Ba 184 247 793 293 4840 3950 6060 6820 

Rb 10 17 56 20 129 69 213 180 

Sr 329 526 733 639 1892 1526 1621 2410 

Pb 4 6 7 5 36 89 110 100 

Th <1 1 7 1 13 50 76 42 

U < , 5 0 < . 5 0 2 . 0 0 1 .50 2 . 5 0 5 . 0 0 1 0 . 0 0 6 . 0 0 

Zr 125 190 318 229 212 262 406 408 

Nb 15 24 73 34 9 12 12 28 

Y 16 18 32 22 29 31 39 32 

La 13 22 51 32 94 226 166 194 

Ce 35 49 107 69 163 370 301 334 

Nd 22 30 55 40 78 146 140 142 

Pr - - - - - - - -
Sc 34 26 23 24 19 22 18 21 
V 286 328 237 284 153 155 126 167 

c r 1260 626 328 918 1082 20 890 360 

Ni 534 375 214 363 239 58 363 84 

CU 127 83 103 65 56 15 42 48 

Zn 82 110 154 101 84 81 76 94 

Sn - - - - - - - -
Ga 14 20 20 19 12 15 11 13 

As < . 5 0 < . 5 0 . 5 0 . 5 0 < . 5 0 1 .50 2 . 0 0 3 . 5 0 

S 1780 2150 2610 2050 3460 1230 1050 1790 

F - - - 700 - - - -
Cl 255 340 640 335 775 1010 2070 2460 
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Bunger Hills Igneous Rocks 

Sample number 86285917 86285918 86285921 86285922 86285957 86286055 77284730 86285919 

Locality N Taylor N Taylor N Taylor N Taylor Lake Miles SW Bunger N Taylor 

Islands Islands Islands Islands Dolgoe W Island E Hills Islands 

Lithology Alkali 01 Alkali 01 Alkali 01 Alkali Ol Alkali Ol Alkali 01 Trachy- Trachy-

basalt basalt basalt basalt basalt basalt basalt basalt 

dyke dyke dyke dyke dyke dyke dyke dyke 

Classification 

Si02 48.70 48.30 46.00 46.20 45.00 47.30 50.50 50.10 

Ti0 2 1.01 1.10 1.05 1.05 .92 1.01 1.46 1.16 

A l2°3 
13.22 14.29 11.06 11.16 12.23 12.23 17.67 15.31 

F e2°3 
1.57 1.84 2.23 2.28 3.21 2.72 2.59 1.65 

FeO 6.33 5.59 6.31 6.44 4.27 4.90 4.79 4.17 

MnO .13 .12 .13 .14 .13 .12 .13 .07 

MgO 10.47 9.56 12.36 13.13 12.98 11.05 4.04 5.21 

CaO 8.79 7.28 8.60 8.02 6.82 9.79 6.14 7.26 

Na 20 2.03 2.12 1.53 1.54 1.75 1.61 3.06 2.81 

K 20 3.36 4.92 3.76 3.80 4.78 3.78 5.88 5.59 

P2°5 
.64 .91 .77 .77 .95 .63 1.15 .98 

H20+ 1.67 1.45 2.04 1.79 1.84 1.68 .39 .92 

H 20- .07 .05 .23 .07 .03 .14 .03 .18 

c o 2 .79 .67 2.72 2.45 2.74 1.68 - 2.25 

LOI - - - - - - - -
Rest 1.05 1.08 1.30 1.30 1.76 1.27 1.11 1.69 

Total 99.83 99.28 100.09 100.14 99.41 99.91 98.94 99.35 

0=F,S,C1 .08 .06 .10 .10 .09 .13 .00 .04 

Total 99.75 99.22 99.99 100.04 99.32 99.78 98.94 99.31 

Trace elements in parts per million 

Ba 3860 4240 4360 4470 7280 4510 5150 7220 

Rb 114 189 142 139 213 128 213 107 

Sr 893 1280 1245 1268 1507 1057 2060 4250 

Pb 46 25 66 64 102 36 104 49 

Th 23 58 42 42 76 36 96 55 

U 4.50 7.50 5.00 6.00 9.00 5.00 11.00 6.50 

Zr 234 340 328 327 392 221 468 317 

Nb 13 21 13 13 12 12 25 20 

Y 27 25 31 31 40 28 30 22 

La 75 118 210 215 203 133 266 242 

Ce 136 212 347 360 371 225 450 401 

Nd 63 102 146 151 176 100 170 167 

Pr - - - - - - 45 -
Sc 22 20 25 23 24 23 12 12 

V 154 127 183 176 170 166 127 110 

Cr 760 637 1104 953 1231 1043 82 207 

Ni 188 194 330 376 394 112 47 180 

Cu 36 46 60 60 49 29 58 76 

Zn 74 71 77 84 70 65 83 88 

Sn - - - - - - 1 -
Ga 14 14 11 12 11 11 18 16 

As <.50 <.50 .50 1.00 1.50 1.50 4.50 <.50 

S 820 890 1640 1600 795 1190 - 480 

F - - - - - 1400 - -
Cl 1620 685 855 860 2210 540 - 695 



120 Appendix : Chemica l analyse s of rock samples from  th e Bunger Hills and Denman Glacier areas 

Bunger Hills Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 5 9 2 0 8 6 2 8 5 9 4 9 8 6 2 8 5 9 5 2 8 6 2 8 5 6 8 7 8 6 2 8 5 9 3 1 8 6 2 8 5 8 7 8 8 6 2 8 6 2 3 0 8 6 2 8 6 2 8 5 

L o c a l i t y N T a y l o r L a k e 6km S W o f 3km S W o f S T a y l o r M o r a i n e M o r a i n e M o r a i n e 

I s l a n d s D o l g o e E D o b r o w o l -

s k i 

E d g e w o r t h 

D a v i d 

I s l a n d s 

L i t h o l o g y T r a c h y - T r a c h y - T r a c h y - T r a c h y - T r a c h y - B i g r a n i t e B i - H b B i - H b 

b a s a l t b a s a l t b a s a l t a n d e s i t e a n d e s i t e g r a n i t e g r a n i t e 

d y k e d y k e d y k e d y k e d y k e 

C l a s s i f i c a t i o n R a p a k i v i R a p a k i v i R a p a k i v i 

s i o 2 4 8 . 8 0 4 9 . 4 0 5 1 . 0 0 5 3 . 1 0 5 3 . 9 0 6 9 . 9 0 6 5 . 6 0 6 7 . 5 0 

T i 0 2 1 . 2 3 1 . 2 6 1 . 4 2 1 . 4 5 1 . 5 0 . 4 5 . 7 0 . 7 1 

A l 2 ° 3 
1 4 . 7 3 1 6 . 5 1 1 8 . 1 2 1 8 . 2 7 1 8 . 4 1 1 4 . 4 4 1 5 . 5 6 1 4 . 4 0 

F e 2 ° 3 
2 . 2 3 3 . 0 0 2 . 4 6 2 . 7 2 3 . 0 4 . 4 4 1 . 0 4 1 . 1 6 

F e O 3 . 9 4 4 . 5 0 4 . 6 9 4 . 6 2 4 . 4 4 1 . 9 4 3 . 0 2 3 . 1 8 

MnO . 0 7 . 1 2 . 1 2 . 0 9 . 0 9 . 0 4 . 0 7 . 0 7 

MgO 5 . 3 1 5 . 7 6 3 . 6 8 2 . 7 1 2 . 5 4 . 9 9 . 7 3 . 7 6 

CaO 7 . 8 7 6 . 7 2 5 . 8 0 5 . 3 6 5 . 4 5 1 . 3 6 2 . 7 9 2 . 3 8 

N a 2 0 2 . 6 2 2 . 6 5 2 . 9 4 3 . 4 4 3 . 6 7 2 . 8 3 3 . 0 0 2 . 8 9 

K 2 0 5 . 1 6 5 . 6 9 6 . 0 6 4 . 4 5 4 . 6 8 6 . 1 5 5 . 8 4 5 . 7 4 

P 2 ° 5 
. 9 8 1 . 0 6 1 . 0 1 . 8 3 . 8 5 . 1 4 . 2 4 . 2 0 

H 2 0 + 1 . 4 9 . 8 5 . 9 3 . 9 3 . 5 2 - - -
H 2 0 - . 2 0 . 0 7 . 1 1 . 0 6 . 0 4 - - -
c o 2 3 . 6 6 . 6 1 . 3 6 . 5 1 . 0 4 - - -
LOI - - - - - 1 . 3 1 . 6 9 . 8 6 

R e s t 1 . 5 4 1 . 0 7 1 . 2 6 1 . 0 3 1 . 0 6 . 2 7 . 3 5 . 3 4 

T o t a l 9 9 . 8 3 9 9 . 2 7 9 9 . 9 6 9 9 . 5 7 1 0 0 . 2 3 1 0 0 . 2 6 9 9 . 6 3 1 0 0 . 1 9 

0 = F , S , C 1 . 0 4 . 0 4 . 0 3 . 0 7 . 0 5 . 0 0 . 0 0 . 0 0 

T o t a l 9 9 . 7 9 9 9 . 2 3 9 9 . 9 3 9 9 . 5 0 1 0 0 . 1 8 1 0 0 . 2 6 9 9 . 6 3 1 0 0 . 1 9 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

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

Rb 96 2 2 4 2 1 2 1 3 6 1 4 5 3 8 9 2 5 9 3 2 2 

S r 3 4 1 0 1 4 1 9 1 7 2 9 1 6 1 3 1 6 3 5 1 0 7 1 7 6 1 3 9 

P b 3 9 1 0 8 1 0 9 5 9 5 1 6 8 4 2 4 8 

Th 4 9 8 2 9 6 5 1 5 4 4 4 1 7 42 

U 8 . 0 0 1 2 . 0 0 1 4 . 0 0 5 . 5 0 5 . 0 0 4 . 0 0 3 . 0 0 5 . 5 0 

Z r 2 7 6 4 9 8 6 0 4 5 2 5 5 4 2 3 0 6 4 0 4 5 8 5 

Nb 1 8 2 4 3 1 3 1 3 2 1 5 1 7 2 3 

Y 2 0 3 5 3 6 3 7 3 7 5 1 5 4 7 5 

L a 2 1 9 2 0 3 3 2 2 1 7 7 1 8 2 5 4 6 0 9 4 

C e 3 5 0 3 5 3 5 3 2 3 2 8 3 1 9 1 0 6 1 2 6 2 0 0 

Nd 1 4 5 1 4 6 2 0 7 1 1 6 1 2 4 4 0 5 1 7 8 

P r - - - - - - - -
S c 1 3 14 14 1 8 1 2 7 1 2 1 1 

V 1 1 8 1 2 8 1 5 0 1 3 1 1 2 1 2 2 3 2 3 5 

C r 2 1 5 2 0 4 8 1 < 2 < 2 2 3 < 2 

N i 1 9 1 7 8 4 0 2 1 2 2 2 3 7 

Cu 7 2 5 7 6 3 2 5 3 1 1 7 7 9 

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

S n - - - - - 6 3 7 

Ga 1 7 17 1 8 2 1 2 0 19 2 0 1 8 

A s < . 5 0 1 4 9 . 0 0 3 . 0 0 3 . 0 0 2 . 5 0 - - -
S 

T? 

3 9 5 5 0 0 5 7 0 7 2 5 3 5 0 1 0 0 1 0 0 < 1 0 0 

r 
C l 7 7 0 4 7 5 1 6 5 1 3 6 0 1 5 0 0 — 
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Denman Glacier Metamorphic Rocks 

S a m p l e n u m b e r 8 6 2 8 5 8 9 3 8 6 2 8 5 8 8 5 8 6 2 8 6 0 0 1 8 6 2 8 6 0 0 2 

L o c a l i t y C a p e J o n e s M o u n t M o u n t 

C h a r c o t R o c k s S t r a t h c o n a S t r a t h c o n a 

L i t h o l o g y C p - O p - Q z - B i - P l - Q z - G t - B i - P l - G t - B i - P l 

P l g n e i s s Kf g n e i s s K f - Q z q u a r t z i t e 

g n e i s s 

C l a s s i f i c a t i o n D e p l e t e d 

t o n a l i t e 

S i 0 2 6 9 . 0 0 7 9 . 2 0 7 2 . 4 0 8 7 . 6 0 

T i 0 2 . 3 0 . 3 0 . 5 0 . 4 5 

A l 2 ° 3 
1 4 . 0 4 1 0 . 9 1 1 2 . 2 8 5 . 2 7 

F e 2 ° 3 
1 . 0 1 . 1 3 . 6 7 . 6 2 

FeO 2 . 6 5 . 5 2 3 . 2 5 2 . 3 4 

MnO . 0 6 . 0 1 . 1 8 . 0 6 

MgO 2 . 1 0 . 4 8 1 . 3 8 1 . 1 6 

CaO 4 . 1 0 . 9 1 1 . 1 1 . 6 9 

N a 2 ° 
4 . 3 4 2 . 1 6 1 . 5 8 . 5 0 

K 2 0 1 . 0 2 4 . 9 3 5 . 1 9 . 7 6 

P 2 ° 5 
. 0 5 . 0 2 . 0 6 . 0 2 

LOI - . 3 1 . 7 0 . 6 0 

R e s t . 2 1 . 1 3 . 2 5 . 1 0 

T o t a l 9 8 . 8 8 1 0 0 . 0 1 9 9 . 5 5 1 0 0 . 1 7 

0 = F , S , C l . 0 0 . 0 0 . 0 0 . 0 1 

T o t a l 9 8 . 8 7 1 0 0 . 0 1 9 9 . 5 5 1 0 0 . 1 6 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 5 8 6 5 7 7 1 1 9 1 8 4 

L i 5 - - -
Rb 1 0 1 5 8 1 9 4 49 

S r 5 2 2 7 9 97 19 

P b 17 1 8 32 4 

Th < 1 4 2 1 7 

U < . 0 5 . 5 0 1 . 0 0 < . 5 0 

Z r 1 7 5 1 4 5 2 2 9 1 6 2 

Nb 2 6 9 7 

Y 8 4 4 1 19 

L a 12 1 3 39 16 

Ce 2 2 2 1 8 4 3 2 

Nd 1 1 7 3 0 1 1 

S c 12 5 16 7 

V 6 0 3 7 2 0 5 0 

C r 7 8 1 1 14 52 

N i 32 7 5 15 

c u 9 2 5 9 

Zn 5 1 15 5 1 3 0 

S n 4 1 3 < 1 

Ga 18 13 12 7 

S 1 0 0 < 1 0 0 1 0 0 2 0 0 
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S i 0 2 5 2 . 8 0 5 2 . 0 0 5 0 . 2 0 4 9 . 4 0 4 9 . 2 0 7 1 . 3 0 6 8 . 6 0 5 5 . 6 0 

T i 0 2 . 6 8 . 9 0 1 . 8 7 1 . 8 9 3 . 1 3 . 3 9 . 5 5 1 . 3 3 

A l 2 ° 3 
1 9 . 0 4 1 8 . 4 7 1 7 . 4 2 1 6 . 4 2 1 6 . 9 7 1 3 . 8 3 1 5 . 3 3 1 6 . 4 9 

F e 2 ° 3 
1 . 2 7 1 . 3 9 2 . 6 4 4 . 4 8 2 . 9 9 . 4 9 . 6 3 1 . 6 1 

FeO 6 . 2 4 6 . 6 4 5 . 7 7 5 . 8 6 1 0 . 2 8 2 . 7 1 2 . 4 3 7 . 7 9 

MnO . 1 2 . 1 2 . 1 2 . 1 3 . 2 1 . 0 8 . 0 3 . 1 4 

MgO 6 . 7 9 7 . 0 8 4 . 3 0 4 . 2 6 3 . 1 0 . 2 9 . 6 8 1 . 1 6 

CaO 7 . 7 9 7 . 7 2 8 . 6 8 7 . 2 2 8 . 7 6 2 . 1 5 2 . 4 0 4 . 5 0 

N a 2 0 3 . 4 6 3 . 3 2 3 . 4 1 3 . 6 8 2 . 7 9 2 . 5 5 2 . 8 7 3 . 7 7 

K 2 0 . 6 7 . 6 9 1 . 5 2 2 . 4 8 . 9 4 5 . 0 6 5 . 0 9 4 . 8 1 

P 2 ° 5 
. 0 9 . 1 4 1 . 2 5 1 . 3 2 . 4 0 . 1 4 . 1 7 . 6 8 

H 2 0 + - - - . 8 2 - - - -
H 2 0 - - - - . 1 1 - - - -
c o 2 - - - . 3 2 - - - -
LOI 1 . 2 6 1 . 5 7 2 . 3 1 - 1 . 2 9 . 2 6 . 5 8 1 . 0 9 

R e s t . 3 3 . 3 4 . 8 4 . 9 4 . 2 8 . 3 7 . 2 9 1 . 0 1 

T o t a l 1 0 0 . 5 4 1 0 0 . 3 8 1 0 0 . 3 3 9 9 . 3 3 1 0 0 . 3 4 9 9 . 6 2 9 9 . 6 5 9 9 . 9 8 

0 = F , S , C l . 0 4 . 0 4 . 1 2 . 0 3 . 0 3 . 0 0 , 0 0 . 0 6 

T o t a l 1 0 0 . 5 0 1 0 0 . 3 3 1 0 0 . 2 1 9 9 . 3 0 1 0 0 . 3 1 9 9 . 6 2 9 9 . 6 5 9 9 . 9 3 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 5 3 9 5 5 6 1 9 4 7 3 8 4 0 4 6 3 1 3 0 0 1 0 9 0 5 7 3 0 

Rb 8 1 0 4 1 9 7 1 5 1 5 8 2 1 1 7 9 

S r 9 0 7 8 7 6 1 5 8 0 1 6 2 4 3 8 5 1 6 3 1 6 8 7 9 2 

P b 6 7 2 8 4 1 7 62 4 0 2 7 

Th < 1 1 9 1 1 1 66 4 7 3 

U . 5 0 1 . 0 0 1 . 0 0 2 . 0 0 < . 5 0 1 . 0 0 1 . 5 0 . 5 0 

Z r 4 2 4 7 2 0 1 4 8 6 9 3 3 4 3 2 6 8 5 2 2 

Nb 4 4 1 8 3 4 1 8 17 1 3 2 5 

Y 7 8 3 5 5 8 2 1 1 0 2 3 0 3 9 

La 1 8 17 1 2 8 2 1 5 1 5 2 1 7 1 0 2 8 5 

C e 2 9 3 2 2 6 6 4 2 9 3 3 4 0 7 2 5 3 1 7 6 

Nd 1 1 1 3 1 0 5 1 6 6 17 2 0 6 8 8 7 7 

SC 19 19 2 4 2 6 3 6 16 8 2 2 

V 7 2 9 0 1 8 1 1 7 6 3 6 2 6 2 5 < 2 

C r 1 3 4 1 4 5 3 9 7 5 < 2 1 0 < 2 

N i 6 7 8 0 3 2 3 0 8 < 2 2 < 2 

Cu 1 8 1 8 2 5 4 0 1 9 4 7 7 

Zn 7 2 7 8 1 0 5 1 1 9 1 2 0 3 5 7 3 1 0 9 

S n < 1 < 1 < 1 2 < 1 < 1 < 1 < 1 

Ga 1 8 19 2 2 2 0 2 2 2 0 2 2 2 3 

A s - - - - - - - -
S 9 0 0 9 0 0 1 1 0 0 7 0 0 6 0 0 < 1 0 0 < 1 0 0 6 0 0 

F - - 1 6 0 0 - - - - 7 0 0 

Denman Glacier Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 6 0 3 0 8 6 2 8 6 0 3 1 8 6 2 8 5 8 8 8 8 6 2 8 5 8 9 0 8 6 2 8 5 7 9 3 8 6 2 8 6 0 0 6 8 6 2 8 6 0 1 3 8 6 2 8 6 0 1 4 

L o c a l i t y C a p e C a p e D e l a y D e l a y M o u n t C a p e P o s s e s s i o n B a l d w i n 

K e n n e d y K e n n e d y P o i n t P o i n t S t r a t h c o n a H a r r i s o n R o c k s R o c k s 

L i t h o l o g y O p l e u c o - O p l e u c o - H b - C p - B i B i - H b B i - H b G t G t - B i C p - O p - H b 

g a b b r o g a b b r o d i o r i t e d i o r i t e q u a r t z g r a n i t e g r a n i t e m o n z o n i t e 

g a b b r o g n e i s s g n e i s s 

I n t r u s i o n D a v i d I s . 

b a t h o l i t h 
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Denman Glacier Igneous Rocks 

S a m p l e n u m b e r 8 6 2 8 6 0 1 5 8 6 2 8 6 0 1 8 8 6 2 8 6 0 2 0 8 6 2 8 6 0 2 1 8 6 2 8 6 0 2 4 8 6 2 8 6 0 3 3 8 6 2 8 6 0 2 3 8 6 2 8 6 0 1 6 

L o c a l i t y B a l d w i n B a l d w i n B a l d w i n B a l d w i n W a t s o n W a t s o n W a t s o n B a l d w i n 

R o c k s R o c k s W R o c k s W R o c k s W B l u f f B l u f f B l u f f R o c k s 

L i t h o l o g y O l - C p - O p B i - H b H b - B i H b - B i O p - C p - H b P x - B i - H b O p - C p - H b T r a c h y t e 

m o n z o n i t e q u a r t z q u a r t z q u a r t z s y e n i t e s y e n i t e q u a r t z d y k e 

m o n z o n i t e m o n z o n i t e s y e n i t e s y e n i t e 

I n t r u s i o n D a v i d I s . D a v i d I s . D a v i d I s . D a v i d I s . D a v i d I s . D a v i d I s . D a v i d I s . 

b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h b a t h o l i t h 

S i 0 2 5 4 . 0 0 6 5 . 7 0 6 3 . 8 0 6 2 . 2 0 5 9 . 5 0 6 0 . 1 0 6 0 . 9 0 6 5 . 2 0 

T i 0 2 1 . 6 6 . 7 6 . 9 3 . 7 8 . 7 7 . 6 7 . 6 3 . 2 2 

A l 2 ° 3 
1 5 . 7 0 1 4 . 9 0 1 4 . 8 5 1 6 . 4 4 1 7 . 4 3 1 8 . 6 3 1 8 . 2 0 1 5 . 7 5 

F e 2 ° 3 
2 . 2 0 1 . 3 9 1 . 3 7 1 . 7 6 1 . 5 0 1 . 4 5 1 . 3 3 3 . 1 6 

FeO 9 . 6 6 3 . 5 1 4 . 7 8 3 . 4 4 4 . 7 6 3 . 4 6 3 . 3 8 1 . 7 3 

MnO . 1 8 . 0 7 . 0 9 . 1 1 . 1 2 . 0 9 . 0 9 . 1 2 

MgO 1 . 2 5 . 6 7 . 9 2 . 7 3 . 5 6 . 6 2 . 4 9 . 2 1 

CaO 4 . 6 1 2 . 4 6 2 . 7 2 2 . 1 7 3 . 1 3 3 . 2 7 2 . 9 3 . 7 2 

N a 2 0 3 . 6 2 3 . 6 3 3 . 5 2 3 . 9 2 4 . 2 2 4 . 6 1 4 . 3 7 4 . 7 9 

K 2 0 4 . 5 2 5 . 0 8 5 . 1 6 6 . 7 5 5 . 8 0 5 . 6 5 6 . 0 6 5 . 3 4 

P 2 ° 5 
. 7 7 . 2 7 . 3 2 . 1 6 . 1 9 . 2 0 . 1 4 . 0 2 

H 2 0 + - - - - - - - 1 . 2 4 

H 2 0 - - - - - - - - . 4 1 

c o 2 - - - - - - - 1 . 3 9 

LOI . 9 3 . 7 5 . 9 0 . 8 8 . 6 5 . 6 7 . 6 1 -
R e s t . 8 2 . 5 7 . 5 1 . 6 7 . 9 0 . 8 1 . 8 1 . 2 5 

T o t a l 9 9 . 9 2 9 9 . 7 6 9 9 . 8 7 1 0 0 . 0 1 9 9 . 5 3 1 0 0 . 2 3 9 9 . 9 4 1 0 0 . 5 5 

0 = F , S , C 1 . 0 3 . 0 4 . 0 1 . 0 3 . 0 2 . 0 2 . 0 0 . 0 1 

T o t a l 9 9 . 8 8 9 9 . 7 2 9 9 . 8 6 9 9 . 9 9 9 9 . 5 1 1 0 0 . 2 1 9 9 . 9 3 1 0 0 . 5 4 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 4 5 3 0 1 9 2 3 1 9 0 8 1 6 1 1 3 0 1 0 3 6 8 0 3 4 0 0 2 9 0 

Rb 7 1 1 6 4 1 6 2 1 8 0 1 0 4 1 0 6 1 0 9 1 4 1 

S r 6 0 7 3 0 5 3 0 9 2 8 9 5 1 6 6 4 9 5 6 8 5 2 

P b 2 6 5 1 5 3 5 2 5 6 5 5 5 9 1 5 

Th 3 37 4 1 9 6 1 1 1 3 9 7 6 3 0 

U < . 5 0 5 . 0 0 4 . 0 0 3 . 5 0 2 . 5 0 2 . 0 0 2 . 5 0 2 . 5 0 

Z r 6 0 1 7 1 1 8 0 6 1 0 3 0 1 0 8 2 8 3 8 9 6 9 5 4 1 

Nb 3 4 39 5 1 3 0 4 8 3 3 3 8 1 3 2 

Y 4 5 5 0 56 3 4 52 3 5 3 8 4 3 

La 9 1 1 3 9 1 4 6 5 1 8 7 4 4 3 0 1 4 1 7 1 4 3 

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

Nd 89 1 1 2 1 2 5 2 8 4 3 9 3 1 8 2 2 4 9 8 3 

S c 2 6 12 13 19 12 12 12 2 

V < 2 2 5 32 7 6 8 5 1 

C r < 2 <2 <2 < 2 < 2 < 2 < 2 < 2 

N i < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 

Cu 10 5 6 2 4 2 3 6 

Zn 1 3 7 8 7 1 1 0 7 0 1 2 1 9 9 8 9 7 3 

S n < 1 2 2 < 1 < 1 < 1 < 1 -
Ga 2 5 2 3 2 5 19 2 5 2 6 2 4 2 0 

A s - - - - - - - < . 5 0 

S 7 0 0 1 0 0 2 0 0 2 0 0 1 0 0 1 0 0 1 0 0 1 4 5 

F - 9 0 0 - 4 0 0 3 0 0 3 0 0 _ 
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Denman Glacier Igneous Rocks 

S a m p l e n u m b e r 

L o c a l i t y 

L i t h o l o g y 

I n t r u s i o n 

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

B a l d w i n C a p e C a p e S W B a l d w i n C a p e 

R o c k s C h a r c o t C h a r c o t R o c k s K e n n e d y 

T r a c h y t e A l k a l i A l k a l i P x - B i - H b - P x - P l 

d y k e g a b b r o g a b b r o P i g r a n u l i t e 

d y k e d y k e g r a n u l i t e 

M e t a d y k e M e t a d y k e 

8 6 2 8 6 0 1 0 

M o r a i n e 

( C a p e 

J o n e s N ) 

8 6 2 8 6 0 2 8 

M o r a i n e 

( C a p e 

J o n e s ) 

8 6 2 8 6 2 3 6 

M o r a i n e 

( 5 k m S  o f 

D o b r o w o l s ) 

M e t a b a s a l t M e t a b a s a l t M e t a b a s a l t 

S i 0 2 
6 4 . 2 0 4 6 . 9 0 4 6 . 2 0 4 7 . 4 0 4 9 . 3 0 4 8 . 7 0 4 8 . 8 0 4 5 . 7 0 

T i 0 2 
. 2 1 1 . 7 0 1 . 5 9 2 . 8 3 2 . 5 0 2 . 1 3 2 . 4 2 3 . 4 4 

A l 2 ° 3 
1 5 . 2 0 1 4 . 4 8 1 3 . 6 8 1 6 . 2 7 1 5 . 5 8 1 3 . 6 8 1 3 . 7 4 1 4 . 6 5 

F e 2 ° 3 
3 . 9 0 2 . 0 1 2 . 3 9 1 . 8 2 5 . 0 6 5 . 6 4 5 . 0 5 4 . 3 9 

F e O 1 . 9 8 7 . 8 9 7 . 6 8 9 . 7 2 7 . 7 3 7 . 3 4 8 . 6 9 1 0 . 0 0 

MnO . 1 2 . 1 6 . 1 6 . 1 5 . 1 8 . 1 9 . 2 1 . 2 2 

MgO . 3 0 8 . 7 9 1 0 . 5 8 5 . 3 5 5 . 0 5 6 . 2 4 5 . 6 0 5 . 3 7 

CaO . 7 2 8 . 8 8 9 . 0 3 7 . 9 1 8 . 0 2 9 . 7 2 6 . 2 7 7 . 8 1 

N a 2 0 4 . 5 1 2 . 5 8 2 . 2 8 4 . 1 6 3 . 2 2 1 . 3 9 2 . 2 4 3 . 3 0 

K 2 0 5 . 1 3 2 . 3 1 2 . 1 4 1 . 4 7 . 9 0 . 7 4 3 . 9 2 1 . 1 6 

P 2 ° 5 
. 0 2 . 6 1 . 5 7 1 . 0 8 . 7 4 . 1 9 . 2 4 . 6 8 

H 2 0 + 1 . 0 9 1 . 0 8 1 . 1 7 - - 2 . 8 8 2 . 3 0 2 . 5 5 

H 2 0 - . 7 3 . 2 3 . 1 9 - - . 1 0 . 0 3 . 1 3 

c o 2 1 . 1 5 1 . 2 3 1 . 1 0 - - . 6 5 . 1 5 . 2 2 

LOI - - - 1 . 6 9 1 . 3 8 - - -
R e s t . 2 5 . 9 0 . 8 8 . 4 2 . 5 4 . 3 1 . 4 0 . 3 1 

T o t a l 9 9 . 5 1 9 9 . 7 5 9 9 . 6 4 1 0 0 . 2 7 1 0 0 . 2 0 9 9 . 9 0 1 0 0 . 0 6 9 9 . 9 3 

0 = F , S , C l . 0 1 . 0 7 . 0 7 . 0 4 . 0 7 . 0 5 . 0 9 . 0 3 

T o t a l 9 9 . 5 0 9 9 . 6 8 9 9 . 5 7 1 0 0 . 2 3 1 0 0 . 1 3 9 9 . 8 5 9 9 . 9 6 9 9 . 8 9 

T r a c e e l e m e n t s i n p a r t s p e r m i l l i o n 

Ba 3 3 4 3 3 2 0 3 1 0 0 9 6 3 1 4 8 5 1 2 8 2 6 9 5 3 8 

Rb 1 3 0 5 3 5 0 3 0 12 2 6 56 3 8 

S r 5 2 1 1 4 6 1 0 6 7 6 0 5 8 1 6 3 1 3 2 4 1 2 6 2 

P b 1 7 4 3 4 4 1 4 1 4 9 6 8 

Th 2 8 12 13 5 3 1 3 3 

U 2 . 0 0 1 . 5 0 2 . 0 0 1 . 0 0 . 5 0 < . 5 0 . 5 0 . 5 0 

Z r 5 2 5 2 2 5 2 1 7 2 9 7 1 5 3 1 3 9 1 7 2 2 4 0 

Nb 1 2 7 2 4 2 3 2 4 2 1 9 12 1 0 

Y 4 2 3 1 2 9 3 7 3 6 3 1 3 9 46 

L a 1 4 2 9 0 92 9 9 6 4 1 5 2 4 2 1 

C e 2 2 6 1 7 0 1 6 5 1 5 0 1 2 3 3 4 5 2 5 5 

Nd 8 3 7 8 7 5 7 5 6 4 1 8 2 7 3 4 

S c 2 2 4 2 6 2 7 2 0 4 2 3 9 3 0 

V 1 2 1 6 2 0 4 1 8 5 1 7 0 3 5 0 3 3 6 2 6 0 

c r < 2 3 6 6 4 9 1 3 7 2 1 1 3 0 6 5 7 4 

N i < 2 1 5 5 2 1 8 5 3 3 8 36 2 0 5 4 

Cu 4 57 5 4 12 2 8 72 4 0 3 4 

Zn 

C n 

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

Oil 

Ga 19 15 1 5 1 8 2 0 19 2 2 19 

A s < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 < . 5 0 2 . 5 0 < . 5 0 

s 

IP 

1 3 0 1 1 4 0 1 0 9 0 8 0 0 1 4 0 0 1 1 0 0 1 9 0 0 7 0 0 

f 
C l 8 0 5 7 0 5 0 5 _ 1 5 5 „. _ 
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THE BUNGE R H I L L S - D E N M A N G L A C I E R REGIO N 

The Bunge r Hi l ls-Denma n Glacie r regio n wa s f irst v is i te d in  Novembe r 191 2 b y a  sledgin g par t y fro m th e 
Australasian Antarc t i c Expedi t ion ' s Wester n Bas e o n the wes te r n edg e o f the Shackleto n Ic e Shelf. Fran k 
Wild le d the sledgin g part y alon g th e route indicate d o n the map in orde r t o explor e th e count r y eas t 
of th e Wester n Base . Th e severe l y c revasse d an d broken surfac e o f the Denman Glacie r nea r Davi d Islan d 
p roved impassabl e an d the par ty turne d sout h an d reached Moun t Barr -Smi th . Th e outcrop s no w know n 
as th e Bunger Hill s wer e sighte d fro m Watso n Bluf f an d name d th e Hordern Island s (late r change d t o 
Cape Hordern) ; Mounts Amundsen , Sandow , an d Strathcon a wer e sighte d fro m Moun t Barr—Smith . 

The Bunge r Hill s wer e f i rs t v is i te d in  1947 during "Operat io n Highjump " le d by Admira l Richar d E . Byrd USN , 
the larges t eve r Antarc t i c expedi t ion . T h e y ar e named afte r Lieutenan t Commande r Bunge r US N wh o landed 
his Marti n Marine r seaplan e o n an are a o f seawate r nea r Thoma s Island . Originall y name d th e Bunger Oasi s 
by th e USN' s publi c relation s uni t wh o applie d f lamboyan t term s suc h a s "pola r fairyland " an d "Shangr i - la " ; 
a star k cont ras t t o th e bleak , wind y condit ion s exper ience d b y the 1986 ANARE party . Bunge r an d hi s c r e w 
col lected som e roc k specimen s an d in the fol lo w u p "Operat io n Windmill " in  1948 a part y wa s landed b y 
helicopter o n Thoma s Islan d t o establis h su rve y contro l fo r the aeria l photograph y acquire d durin g "Highjump" . 

The Russia n (formerl y Soviet ) Antarc t i c Expedi t io n (SAE ) established Mirn y Statio n nea r th e wes te rn edg e 
of th e Shackleto n Ic e Shelf in  the earl y 1950s . Th e Bunge r Hi l ls-Denma n Glacie r regio n wa s an obviou s 
target fo r invest igat ion an d the S A E mad e wid e rangin g geological , geophysica l an d surve y t raverse s durin g 
this decade . A  permanen t stat io n (Oasis ) wa s buil t o n the northern shor e o f Alga e Lak e in  1956 and i t 
was rename d Dobrowolsk i whe n t ransferre d t o Polis h contro l in  1959 . 

The f ieldwor k fo r the invest igat ions descr ibe d in  the accompanyin g A G S O Bulleti n wa s done be twee n mid 
January an d early Marc h 1986 . Previou s SA E studie s provide d a n informative basi s fo r these invest igat ions . 
The 198 6 ANARE part y wa s equipped wi t h t w o Hughe s 50 0 an d one Bell 20 6 Jet Range r hel icopters , an d 
used the m t o establis h th e Edgewor t h Davi d summe r bas e cam p o n the eastern shor e o f Transkriptsi i 
Gulf in  the sou thwes t o f the Bunge r Hill s an d to mak e geologica l t raverse s fro m th e base. Th e SA E ha d 
acquired goo d qualit y aeria l photograph y in  the 1950s bu t this wa s unavailable t o th e 1986 ANARE fiel d 
geologists. H o w e v e r th e excel len t SA E publishe d 1  : 50 00 0 ma p sheets enable d the m t o accuratel y locat e 
themselves t o withi n 50 m o n the ground . Blac k an d white an d colour aeria l photograph y wa s acquired 
during th e 1986 season b y 2  x  70m m camera s mounte d i n a  helicopter . Severa l blac k an d whi te film s 
were processe d a t the field bas e an d some print s becam e availabl e lat e in  the season. 

This ma p presents geologica l informatio n o n a bas e ma p der ived fro m Landsa t imager y whic h provide s 
a graphi c an d appropriate impressio n o f the terrai n fro m whic h th e bedroc k outcrop s protrude . 

S A T U R N ISLAN D 
Saturn Island  in  Cacapon  Inlet  south  of  Booth  Peninsula  consists  of  grey  garnet-biotite  gneiss  (map  unit  Bsm)  intersected  by  black  dolerite 
dykes. The  seawater  around  the  island  is  frozen  for  all but a  few days  each  year  and  the belt  of  broken  and  ridged ice  immediately 
adjacent to  the  is/and  is  the  tide  crack  where  the  sea  ice flexes  against  the  bedrock  in  response  to  the  oceanic  tides 

L A N D S A T IMAGER Y KE Y 

IMAGERY DETAIL S 

Row Scen e numbe r 
106 1129-0135 3 
107 1129-0136 0 
108 1129-0136 2 
107 1580-0136 4 

29.11.1972 
29.11.1972 
29.11.1972 
23.02.1974 

Flow lines  on  glaciers 

Ice bound  coastline 

Glacier grounding  zone 

Centre point  of  LANDSAT 
scene 

1129-01360 $ c e n e identification 
number 

Rock outcrops 

DENMAN G L A C I E R 
The heavily  crevassed  and  severely  broken  up  surface  of  the  Denman  Glacier  near  David  Island 
proved an  impassable  barrier  to  the  main  sledging  party  of  the  Western  Group  of  the  1911-14 
Australasian Antarctic  Expedition,  and  caused  them  to  head  south  rather  than  east.  They  reached 
Mount Barr-Smith  before  returning  to  their  base  on  the  western  edge  of  the  Shackleton  Ice  Shelf 

ICE N O M E N C L A T U R E 
Con t i nen ta l ic e -  composed  of  fresh  water,  formed  by  compaction  of  snow; 
mostly frozen  to  substrata  and  moving very  slowly  towards  the  ocean 

Glac iers o r ice s t r e a m s - move  much  quicker  and  are  lubricated  by  pressure 
me/ting at  the  rock  interface.  Glacier  grounding  zones  indicate  where  glaciers 
lose contact  with  the  bedrock  and  have been  inferred  from  apparent  breaks 
in the  glaciers'  surface  slope 

Ice she l ve s o r ice t o n g u e s -  thick,  floating,  fresh  water  ice  formations  pushing 
out from  the  land  and  continuous  with  the  continental  ice  formation.  The 
Shackleton fee  Shelf  is  pinned  in  position  by  grounding  on  islands  and  resists 
the oceanward  flow  of  the  Denman  Glacier;  consequently  the  glacier  has  to 
smash through  the  ice shelf 

Sea ic e or f ast i c e - forms  when  the  sea  freezes;  generally  has  a flat  surface, 
and a  characteristic  disturbed  zone  or  tide  crack  occurs  where  it  flexes  against 
bedrock in  response  to  the  rise  and  fall  of  the  tide.  It  breaks  up  in summer  to 
form pac k ic e 

Lake ic e -  formed  by  melting  of  continental  ice  or  accumulations of  winter  snow; 
found on  takes  in  areas  of  exposed  bedrock,  e.g.  Bunger  Hills 

DIGITAL D A T A 
The digita l data fo r this ma p was compiled 
on th e A G S O Intergrap h Sys te m and , i n 
some c i rcumstances , ma y be suitabl e fo r 
transfer t o othe r digita l sys tems . 
Information o n formats , releas e condit ions , 
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A G S O Sale s Cent r e 
GPO Bo x 37 8 
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M O U N T S A N D O W 
Mount Sandow  consists  of  a  basal  greenstone  (metabasalt?)  overlain  by  folded  red  sandstones  and 
siltstones of  presumed  terrestrial  origin.  Soviet  Antarctic  Expedition  geologists  have  published  a  K-Ar 
age of  610Ma  but  it  is  unclear  whether  the  dated  sample  was  from the  greenstone  or  the sediments. 
An age  of about  500Ma  was  estimated from  acritarch  studies.  Glacially  transported  clasts  of  red 
sandstone and  siltstone are  abundant  on  the  inland  edge  of  the  Obruchev  Hills  and  have been 
reported as  far  east  as  Commonwealth  Bay  but not to  the  west  of  the  Denman  Glacier.  This 
distribution may  reflect  a  very  large  subglacial  extent  for  the  unit  that  is  only  exposed  at  Mount 
Sandow and  nearby Mount  Amundsen.  This  photograph  was  taken  in  1986  during an  unsuccessful 
attempt to  land  by  helicopter  on  Mount  Sandow  in  robust  windy  weather 
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