MAFIC IGNEOUS SUITES IN THE LAMBERT RIFT ZONE
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Abstract: Geologic setting and petrogenetic characteristics of basic and ultrabasic igneous rocks from the central
part of the East Antarctic Shield are important indications of lithosphere extension and rifting. Proterozoic igneous
rocks are mostly tholeiitic with some minor alkaline intrusions. The Phanerozoic igneous rocks are confined to the
alkaline series. Late Palaecozoic dykes of alkaline dolerite and alkaline lamprophyre are widespread in the Beaver Lake
area. This igneous event directly predates the formation of a paleo-rift graben filled by a Permian sequence. An Early
Cretaceous complex of alkaline-ultramatic rocks in Jetty Peninsula comprises small stocks, sills and dykes.
Formation of this complex is believed to record a middle stage of Gondwanaland breakup. Main structural features
of the rift zone seem to be controlled by ancient linear structures marked by dyke-swarm trends. Ancient regional
fracture structures have been revived with a new direction being developed in Phanerozoic time.

Key words: igneous rock, Proterozoic, Phanerozoic, rifting, East Antarctica

Introduction

The Lambert-Amery rift stretches across the East Antarctic
Precambrian Shield from the sea coast for at least 700 km
inland. Igneous rocks are widespread along the length of the
rift (Fig. 1). They vary in composition from alkaline-ul-
trabasic and tholeiitic to acidic and form dyke swarms, small
plutons, sills, stocks and rare volcanic strata. Isotopic age
determinations of mafic rocks have yielded ages of 2400,
1800, 1380, 420, 310, 120-145 and 50 Ma (Tingey, 1976;
Sheraton and England, 1980; Sheraton, 1983; Collerson and
Sheraton, 1986; Hofmann, 1991; Laiba et al., 1987).
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Fig. 1.

Vestfold Hills

According to Australian geologists (Sheraton ez al., 1987;
Kuehner, 1987), basic dykes in the Vestfold Hills (VH)
high-grade Archaean metamorphic terrane belong to three
intrusive episodes: (1) sublongitudinal high-Mg tholeiites
dated at 2400 Ma, (2) E-W trending tholeiites intruded at the
Early-Middle Proterozoic boundary (¢.1800 Ma), and (3) N-
S trending tholeiitic and alkaline basic dykes of Late Prot-
erozoic age (1380 Ma). Our field observations show that the
most ancient high-Mg tholeiites form not only
sublongitudinal but also latitudinal dykes parallel to the
1800 Ma system and commonly change their trend to NE
(Fig. 2a). In addition to previously described dyke groups
new systems were recognized: (1) NW trending tholeiitic
dykesthat cut the Early Proterozoic bodies but are transected
by the Riphean (¢.1300 Ma) tholeiites, and (2) NNE trending
(Fig. 2b) alkaline lamprophyres which are cut by the dated
Riphean dykes but transect all older systems (Fig. 3). These
lamprophyres are of specific significance since their alka-
line character (Fig. 4) and the presence of deep-seated
nodules may be related to ancient rifting in the area.

Vestfold Hills lamprophyres range in chemical compo-
sition from calk-alkaline to ultramafic (Table 1, #1-4), and
coincide with most criteria for the alkaline lamprophyre

Fig. 1. Locality map of basic and ultrabasic bodies in relation to
basement geology. 1-4 - basement geology (after Kamenev and
Kameneva, 1990): 1 - Vestfold Hills granulites (Archean), 2 -
Fisher and Ruker greenstone belts (respectively Late Proterozoic
and Late Archean), 3 - transitional granulite-gneiss-schist belts, 4
- granulite-gneiss mobile metamorphic belt (Proterozoic); 5 -
Permian coal-bearing strata; 6, 7 - locations of dykes: 6 - of
tholeiitic and calc-alkaline composition, 7 - of alkaline composi-
tion (a - dense swarms, b - rare dykes); 8 - location of gabbroid
plutons; 9 - locationof alkaline-ultramafic stocks, sills and dykes;
10 - location of alkaline basalt flow; 11, 12 - fault zones: 11 -
recent, 12 - of Palaeozoic (?) generation; 13 - contours of bedrock
above sea level; 14 - coast line.
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Table 1. Representative chemical analyses.

1* 2* 3* ax S5* 6* 7* 8x 9 10* 11~ 12
Sample# 572-12 573-1a 572-5 563-3x 33112-1 33113 33105-1 33104-6 33104-1 34706-11 34706-8 34706-3
510z 40.84 37.53 44.37 43.11 49.60 49.70 51.90 55.20 48.40 56.13 51.67 48.38
Ti02 3.04 3.19 3.93 4.08 2.00 1.43 0.60 0.62 1.37 1.15 1.58 2.64
Al203 6.97 6.00 11.98 11.26 14.55 13.80 12.50 13.95 14.35 18.75 18.00 13.65
Fe;0; 493 7,18 5.77 '4.10  2.91  3.29  1.27  2.47  2.97 1.54 1.15  1.35
FeO 8.62 7.40 8.69 10.13 11.40 10.74 8.88 7.60 10.76 5.08 8.38 11.48
MnO 0.16 0.18 0.17 0.15 0.20 0.18 0.15 0.15 0.21 0.15 0.20 0.18
Mg0 15.89 21.48 6.55 8.18 4.68 6.48 10.32 5.84 6.45 1.59 2.44 6.20
Ca0 11.79 8.14 7.48 7.61 11.20 11.20 9.24 8.78 10.51 3.01 4.68 8.61
Na, 0 1.77 1.51 3.39 3.37 2.50 2.45 2.05 2.52 2.86 5.33 5.11 3.53
K20 1.58 1.89 4.20 3.52 0.42 0.26  0.50  0:89  0.38 4.95  3.67  0.67
P205 0.30 0.64 1.49 0.86  0.20 0.07  0.11  0.13  0.20 0.57 1.10  0.31
H,0- 4.28 5.24 2.28 3.86 1.03 1.12 1.78 1.55 1.82 1.13 1.47 1.79
Total 100.17 100.38 100.30 100.23 100.69 100.76 99.41 99.74 100.41 99.38  99.45  99.79
Sc 44.9  29.6  23.3 31.9 46 42 29 30 30 nd nd nd
v 232 210 111 199 344 300 127 268 219 44 89 231
Cr 2001 1058 106 280 127 355 981 254 1144 15 14 169
Co 89 89 63 87 44 50 47 43 95 13 28 51
Ni 695 928 137 260 54 79 248 92 852 5 12 119
Ga 16 18.6 30 30 17 10 9 9 13 nd nd nd
Rb 60 49 95 107 15 6 19 10 11 74 64 13
Sr 464 983 2560 1316 179 123 234 144 230 746 736 352
Y 24 33 63 40 30 26 16 20 21 29 42 24
zr 203 396 940 583 128 67 67 53 105 938 692 153
Nb 60 97 180 110 9 4 3 4 15 92 99 25
Ba 1001 899 1392 1617 41 54 36 113 228 2178 1606 184
Yb 1.2 1.1 2.9 2.3 nd nd nd nd nd nd nd nd
Zr/Nb 3.38 4.08 5.22 5.30 14.22 16.75 22.33 13.25 7.00 10.20 6.99 6.12
Zr/Y 8.46 12.00 14.92 14.58 4.27 2.58 4.19 2.65 5.00 32.34 16.48 6.38
Rb/Sr 0.129 0.050 0.037 0.081 0.084 0.049 0.081 0.069 0.478 0.099 0.087 0.037
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Fig. 2. Rose diagrams for main dyke swarms (a—e) and post-dyke (predominantly recent) fracture zones at Vestfold

Hills (f).

rock type proposed by Rock (1977, 1986). Two types of
Vestfold Hills alkaline lamprophyres have been recognized:
a) melanocratic (mg = 75) and b) leucocratic (mg = 50)
biotite-augite camptonites. All transitional varieties
(mesocratic) are between them.

Alkaline lamprophyres consist of phenocrysts of
clinopyroxene (CazgMgyoFe),), olivine and biotite (mg =
62, TiO, = 6.5%) enclosed in relatively fresh, well crystal-
lized groundmass of carbonate + biotite and/or albite. No
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modal alkaline minerals were recorded. Small carbonate-
feldspar globules are common. Colour index varies from 55
to 95-100. According to petrographical and geochemical
screen of Rock (1986), these rocks are defined as (K-Na
biotite-augite) camptonites although less evolved varieties
resemble ultramafic lamprophyres (aillikites) (e.g. in SiO,,
K,0, MgO abundances). Field evidence suggests that more
salic dykes are relatively older.

Preliminary Sm-Nd whole-rock isotope data for the



Table 1. (continued).

13+ 14* 15* 16 17 18 19 20* 21 22 23 24

Sample# 34039-3 34039-4 34039 34339 34336 34703 34337-5 35647-3 amph phlog 30MK37-1 30MK6-1
Si0, 45.86 46.83 48.72 49.11 51.85 45.14 48.64 50.40 52.23 41.41 45.40 45.51
TiO2 3.12 2.47 2.57 0.35 0.57 3.10 1.92 5.38 2.06 9.13 1.77 2.34
Al20s 13.50 15.90 15.75 17.45 16.92 15.05 14.75 7.35 0.36 7.03 15.09 15.41
Fe 03 2.42 1.57 2.67 2.04 1.27 5.41 2.63 3.56 3.77 3.55
FeO 12.13 9.42 9.69 4.78 5..50 13.22 10.45 4.44 24.20 12.26 8.79 8.28
MnO 0.21 0.16 0.18 0.14 0.15 0.36 0.21 0.09 0.30 0.10 0.21 0.15
MgO 5.72 5.18 4.59 9.85 7.91 4.00 5.83 7.57 8.44 18.92 8.87 7.81
Cal 8.07 7.75 7.16 13.37 12.33 8.63 9.25 5.41 1.91 8.55 9.01
Na,0 2.74 4.17 3.37 1.90 2.24 3.06 2.89 1.86 4.80 2.77 3.41
K20 1.00 1.67 1.65 0.14 0.22 0.25 0.72 8.44 5.22 10.75 1.51 3.01
P, 0s 0.35 0.68 0.61 0.01 0.01 1.42 0.26 1.36 0.46 0.57
H,0- 3.64 2.88 2.73 0.95 1.27 0.78 1.90 3.10 3.07 1.20
Total 98.76 98.68 99.69 100.09 100.24 100.42 99.45 98.96 99.52 99.60 100.26 100.25
Sc nd nd nd 56 56 44 50 30 30 33
Vv 238 224 208 209 284 139 433 97 150 220
Cr 83 77 39 879 471 0 37 nd 180 1000
Co 56 52 48 57 57 34 62 28 50 48
Ni 91 60 44 192 102 0 46 153 220 220
Ga nd nd nd 8 10 20 13 nd 7 35
Rb 21 26 42 nd nd nd nd 142 nd nd
Sr 340 808 616 nd nd nd nd 972 500 880
Y 28 30 40 13 13 o] 35 36 22 28
Zr 217 203 220 52 41 77 186 1185 190 280
Nb 22 32 27 8 7 10 6.4 138 34 50
Ba 120 437 501 152 40 910 447 1043 560 920
Yb nd nd nd 1.2 1.7 3.4 2.8 nd 0.8 2.4
Zr/Nb 9.86 6.34 8.15 6.50 5.86 7.76 29.06 8.59 5.59 5.60
r/Y 7.75 6.77 5.50 4.00 3.15 - 5.31 32.92 8.64 10.00
Rb/Sr 0.062 0.032 0.068 - - - - 0.146 - -

1-4:Vestfold Hills alkaline lamprophyres (1,2-melanocratic;

dolerites (5,6), high-Mg metatholeiite (7),
diorites (10,11), metadolerites (12,13),
gabbro-norite (17), ferrogabbro-anorthosite (18),
whole rock, 2l1-amphibole, 22-phlogopite);

metatholeiite (8),
granoblastic metabasites (14,15);
dyke dolerite
23-24:Jetty Peninsula dolerite (23),

3.,4-leucocratic); 5-9:Mawson Escarpment
amphibolite (9); 10-15:Mt.Collins meta-
16-19:Mt .Willing olivine
20-22:Mt .Rubin lamproite (20—
camptonite (24).

(19);

*—geochemical data prodused by the XRF method; other data - by automatic flame-phoxometry method.

nd-not determined.
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Fig. 3. Geological sketch of mapped area. 1-4 - tholeiitic dyke
generations (I-IV): 1 - I (high Mg), 2 - II (highly amphibolized,
high Fe), 3 - I1I (granophyric), 4 - IV (plagiophyric and granophy-
ric); 5 - alkaline lamprophyres; 6 - lensoid bodies; 7 - metamorphics;
8 - Cenozoic sediments; 9 - water.
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Fig. 4. §i0,-(Na,0+K,0O) diagram. Crosses - Vestfold Hills alka-
line lamprophyres, boxes-Mawson Escarpment metabasites, circles
- Mt. Collins metabasites. Fields of different igneous rocks at
individual localities are shown by countours: JP - Jetty Peninsula,
WM -Mt. Willing, VH - Vestfold Hills. Alkaline (AL) - subalkaline
(SAL) dividing line after Irvine and Baragar (1971).

lamprophyres (Table 2) yield a Late Proterozoic reference
line (¢.1100-1200 Ma). Considerable scatter of the data are
probably due to different degrees of crustal contamination
or to source composition variations. Low &, values (about
-3.0) are consistent with crustal assimilation of the mantle
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