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Summary Dykes of phlogopite-bearing alkaline picrite discovered in 2004 in the southern part of Mt. Meredith are 
comparable through their mineralogy and geochemistry with typical mica-bearing kimberlites and distinctive from the 
well-known alkaline-ultramafic bodies in Jetty Peninsula and along the shores of Radok Lake. At the same time, 
temperature and pressure estimations of their crystallization - 990˚C and 18-26 kbar and the time of intrusion – 122 Ma 
and primary isotope signatures (87Sr/86Sri = 0.7048 – 0.7051, εNd = -1.0 – -0.6) lead us to infer a similarity to the rocks 
of the Beaver Lake Province. Taking into consideration this fact and supposing that their formation is connected with 
development of Lambert-Amery rift in Mesozoic time and mantle activity under the influence of the mantle plume 
(Kerguelen plume?) which caused Gondwana breakup, we suggest that these alkaline-ultramafic bodies make up a 
single magmatic province, similar in time and development to the alkaline-ultramafic-carbonatite Shillong Province in 
India. 
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Introduction 
Small bodies of alkaline–ultramafic rocks were found in the northern part of the Prince Charles Mountains in 1970 – 

1980s (Laiba et al., 1987; Egorov, 1994; Mikhalsky et al., 1998; Mikhalsky et al., 2001). Dykes, stocks and sills, 
supposed to be connected with Amery rift propagation during Mesozoic time, crop out within Jetty Peninsula and on the 
southern shore of Radok Lake, where they cut Meso–Neoproterozoic metamorphic rocks and Permian sediments (Fig. 
1). Stock bodies are from 10 x 25 to 80 x 120 m in size, dykes are about 180 m long with thickness about 2 m. K–Ar 
age estimations by whole–rock samples and phlogopite vary from 150 ± 5 to 113 ± 5 Ma (Laiba et al., 1987). The inner 
stock structure can be divided into three stages of intrusion: 1) tuffisite breccias, 2) biotite-pyroxene alkaline picrites 
and melanephelinites, 3) polzenites (these rocks are not wide spread). All the phases contain different ultramafic 
nodules of mantle origin. Accessory minerals are represented by chromium diopside, chrome–spinel, pyrope, several 
small diamond crystals were found in the tuffisite from one of this stock. Detail description of petrologic peculiarities of 
the ultramafic bodies and mantle inclusions can be find in a number of special papers (Andronikov and Egorov, 1993; 
Egorov, 1994; Andronikov 1997; Foley et al., 2006). On the basis of these detail investigations there has been carried 
out reconstruction of composition up to the depth of 100 - 150 km and evolution of mantle segment for this part of 
Antarctic lithosphere from Proterozoic till Mesozoic time. At the same time, the problem of precise age and relationship 
of magmatic bodies of this alkaline – ultramafic province still remain understudied. Bodies localization at the 
intersection of deep meridianal structures connected with Paleozoic rift of Beaver Lake and submeridianal fracture 
zones, spatial proximity, similarity in mineralogical-geochemical composition could evidence to closeness in time of 
intrusion and crystallization of these bodies. But, the age estimations suppose the considerable gap in time - from 40 to 
50 Ma for formation of alkaline-ultramafic bodies of Beaver Lake province which is higher than the known age 
characteristics for the other similar regions of the world. Absence of precise age estimations does allow correlate this 
province with the other Mesozoic alkaline-ultramafic provinces of the other Gondwana continents – India, Australia and 
Africa. Considering that age estimations for the these bodies were carried out by means of K-Ar method mainly for 
whole rock samples, many of which had undergone the influence of carbonate metasomatism and included different 
xenogenic mantle minerals which make data interpretation and comparison more difficult, we have tried on the basis of 
more convenient isotope systems to estimate the time of intrusion of alkaline-ultramafic rocks of Beaver province and to 
compare their age with the same characteristics for kimberlite dykes discovered within the Fisher Massif and Mt. 
Meredith. 

Mineralogical and chemical composition 
In 2004 in the southern part of Mt. Meredith (central part of the Prince Charles Mountains, Fig. 1) there was found a 

new dyke of phlogopite-alkaline picrites (Laiba and Kudryavtsev, 2006). Not thick dyke (15 – 20 cm) is 50 m long, has 
north-east strike and cuts Proterozoic biotite paragneisses. Moreover, in Cenozoic glacial sediments on the south-eastern 
slope of Meredith massif there have been found the fragments and boulders (about 0.5 m in size) made up by alkaline 
pyroxene picrites of a different petrochemical type. Dyke rocks are fresh and have clear porphyritic texture. Phlogopite-
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olivine microlitic matrix contain 
disintegrated mantle nodules represented 
by olivine, phlogopite and orthopyroxene 
megacrystals with the size up to 3 x 5 cm, 
their general share is 20 – 25 %. The main 
rock–forming minerals are olivine (20 –
 25 %) and phlogopite (40 – 55 %), minor 
minerals are Ti–magnetite (about 5 %), 
and pyroxene (1 – 2 %), accessory 
minerals are represented by apatite, 
ilmenite, monazite, pyrite. In picrites there 
are parts made up by volcanic glass. 
Rocks are not deformed but rather 
strongly altered and contain not less than 
10 – 20 % of secondary carbonate. By 
mineral and chemical composition 
phlogopite picrites are close to typical 
mica kimberlites and represent a new type 
among the known alkaline-ultramafic 
rocks developed in Jetty Peninsula and on 
Radok Lake shores (Table 1). 

The studied phlogopite megacrystals 
(phlogopite – I) have zoned structure with 
rims which are close to matrix phlogopite 
by their composition. Higher Mg content 
in rims could be caused by Ti–magnetite 
crystallization due to the rise of oxygen 
activity in the course of picrite melt rising. 
Heterogeneity of early (mantle) 
phlogopite is proved by corroded outer 
parts of megacrystals’ nuclei. 
Crystallization temperature of olivine-
orthopyroxene equilibrium was estimated 
as about 990° C (Mori and Green, 1978). 
Corresponding pressure is about 18 – 19 
kbar according to (Perchuk, 1977) or 
about 25 – 29 kbar according (McGregor, 
1974) geobarometers. The obtained 

parameters are within graphite stability field and on the whole correspond to the early calculated P – T conditions for 
lherzolite inclusions from alkaline-ultramafic bodies of Jetty Peninsula. 

In the central part of the Prince Charles Mountains – Fisher massif, in 1989 there was discovered a dyke of 
“carbonatite kimberlites” (Egorov et al., 1993). Thin (20 – 25 cm) kimberlite dyke outcrops on the south-eastern slope 
of the massif where it makes an interrupted band about 450 m long and it cuts Meso-Proterozoic metadiorites of the 
Fisher complex. General dyke strike is of meridianal direction with the dip angle about 20 – 25 to the west. By 
paleomagnetic data (Q > 1) and chemical affinity to alkaline-ultramafic rocks of Jetty oasis the age of kimberlites is 
estimated as possibly Cretaceous. Carbonate kimberlites are composed by phlogopite inclusions (up to 10 %), single 
grains of green mica, olivine and magnetite, all these minerals are placed into fine-grained phlogopite-magnetite-calcite-
olivine matrix with an admixture of apatite, chromite and serpophite. The rock has lens–striped texture represented by 
alteration of light and dark stripes with different amount of calcite and dark minerals which have different morphology 
and size. The interstices are made up mainly by calcite. Its share is 25 – 60 % in light layers and 80 – 90 % in schlieren 
of globular texture. There are distinguished primary magmatic and metasomatic types of calcite (Egorov et al., 1993). 
Chemical composition of rocks is characterized by considerable variations of the main components (wt% for 5 
analysis): SiO2: 8 – 22, Fe2O3: 8 – 15, MgO: 4 – 19, CaO: 20 – 43, CO2: 15 – 32, K2O: 0.2 – 1.3, Na2O: 0.01 – 0.3, 
P2O5: 1.6 – 3.3 (Table 1). It could be explained by heterogeneity of mineral composition within magmatic layered rocks. 
Kimberlites from the Fisher massif in their general features are similar to the rocks of the kimberlitic sill belonging to 
Benfontein group, South Africa (Dawson, 1973). 

 

Figure 1. Geological sketch map showing occurrences of alkaline-
ultramafic rocks in the northern and central parts of the Prince Charles 
Mountains: 1 – Jurassic-Cretaceous alkaline picrites; 2 – Permian-Triassic 
coal-bearing deposits; 3 – Precambrian rocks; 4 – faults. 
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Age estimation 
For the oldest according to K–Ar age estimations (Laiba et al., 1987) rocks (alkaline picrite) from Yuzhnoe stock 

there have been obtained Sm–Nd and Rb–Sr isochrons for fractions of rock–forming minerals (n = 6) by the method of 
selective acid separation which reveal the age trends of 125 ± 7.5 and 122 ± 3.2 Ma, correspondingly (with primary 
isotope compositions: εNd = -0.73, 87Sr/86Sri = 0.705105). These age estimations coincide within the error for the three 
measured samples from this body and time of it crystallization estimated as the average value from these estimations 
corresponds to 124 ± 2.2 Ma and differs considerably from the earlier obtained data for this object. 

To estimate the age of carbonatite kimberlite dyke from Fisher Massif there has been carried separation of zircon 
from one sample by traditional method of separation in heavy liquids. Total amount of separated zircon grains was 
about 20 from the sample about 1.5 - 2 kg. They were represented by particles of large transparent and weakly colored 
crystals of typical magmatic habitus (Fig. 2a, b). CL images are typical for zircons of alkaline-ultramafic rocks and 
kimberlites (Belousova et al., 1998, 2001) and are characterized by large block structure caused by repetition of dark 
and light zones (Fig. 2a, b) corresponding to considerable fluctuation in U, Th, Pb and REE content (Fig. 2c) which is 
connected with peculiarities of zircon crystallization under conditions of fluid saturated kimberlite melt. U-Pb isotope 
compositions were measured in the 6 largest zircon grains by SIMS SHRIMP–II (Fig. 2d). The obtained results, in spite 
of considerable variations of element content [U]: 18 – 348 ppm, [Th]: 5 – 1069 ppm, [Pb]: 0.3 – 5.9 ppm and the 
presence of unradiogenic Pb up to 12 %, have allowed to construct discordia and evaluate the age of zircon 
crystallization as 122.1 ± 1.3 Ma. The obtained crystallization age estimation, without any doubt, characterizes 
magmatic event, because not only Th/U ratio 0.3 – 3.2 is typical for magmatic zircons (more over, values > 1.0 are 
usually connected with kimberlite zircons (Belousova et al., 1998)), but REE distributions in the studied zircons 
correspond to the typical magmatic fractionation at zircon crystallization from a melt (point 1.3, Fig. 2c). At the same 
time, as it has been already mentioned, crystallization peculiarity, first of all, interaction of crystallizing zircon matter 
with the enriched in lithophile elements fluid results in formation of separate zones within the zircon grains 
characterized by metasomatic carbonatite distribution of REE (Fig. 3c, points 1.1, 3.1). Also, for this kimberlite sample 
by three points there has been built inner mineral Rb-Sr isochron (whole–rock sample, phlogopite, carbonate) which 
corresponds to the age 118.4 ± 3.2 Ma with primary isotope composition 87Sr/86Sri = 0.704870 (εNd = -0.96) which 
coincides well with the results of U-Pb zircon dating. At last, for the dyke of phlogopite alkaline picrites of Mt. 
Meredith there have been obtained Rb–Sr age estimation (two–points isochron: whole-rock–phlogopite) corresponding 
to 119.8 ± 1.5 Ma with primary isotope composition: 87Sr/86Sri = 0.705052 (εNd = -0.6). 

 

Table 1. Representative compositions of alkaline-ultramafic rocks from the Prince Charles Mountains (wt % and ppm) 

 1 2 3 4 5 6 7 8 9 10 11 

SiO2 31.1 30.5 30.7 34.9 33.83 35.55 38.93 24.19 20.54 35.20 31.1 
TiO2 2.29 2.73 2.83 1.47 2.21 2.28 1.62 2.00 1.25 2.32 2.03 
Al 2O3 4.58 5.14 5.42 4.13 8.36 8.62 6.51 4.70 2.24 4.40 4.90 
Fe2O3 5.29 7.52 7.55 9.76* 4.04 4.46 3.21 2.66 12.40* 9.8* 10.50* 
FeO 4.76 3.13 3.20  6.39 6.13 5.99 5.41    
MnO 0.16 0.19 0.18 0.15 0.18 0.18 0.14 0.14 0.19 0.11 0.10 
MgO 24.4 20.5 20.4 23.20 14.08 16.50 20.92 15.17 17.06 27.9 23.90 
CaO 11.4 12.9 12.6 12.80 14.75 13.88 9.67 15.56 22.10 7.6 10.60 
Na2O < 0.05 < 0.05 < 0.05 0.19 1.71 2.08 1.69 0.52 0.28 0.32 0.31 
K2O 2.91 2.24 2.07 2.20 2.67 1.94 1.65 3.01 0.58 0.98 2.1 
P2O5 0.66 2.15 1.56 0.41 0.86 0.91 0.61 1.38 1.56 0.70 0.70 
LOI 11.6 12.2 12.5 10.60 11.00   24.47 22.13   
Total 99.6 99.5 99.3 99.80 100.08   99.21 100.33   

Rb 90 87.5 85.4 61.1 95 – 125 38 – 125 37.9 – 64.4 119  0 – 350  
Sr 1340 1670 1500 913 578 – 119 578 – 1674 733 – 908 1407 1502 – 1997 40 – 1900  
Zr 378 542 536 173 39 – 303 39 – 303 186 – 223 423 141 – 177 84 – 700  
Y 17.4 26.7 28.3 9.2 21 – 29 21 – 29 16.3 – 21.6 27 22 – 4 4 – 75  
U < 2 6.47 6.52 < 2 1 – 2 1.5 – 3.6 < 2 – 2.19 2 219 - 243 0.6 – 18.3  
Pb 10.4 29.3 20.2 8.98 5 – 10 5 – 10 5.78 – 3.40 26  0.9 –50.0  
Nb 153 205 208 103 21 – 144 21 – 144 78.3 – 130 161  32 – 450  
Th 30.3 31.1 35.2 10.6 14 – 22 14 – 23 8.78 – 13.00 25  4 – 54  

Note: * – total Fe as Fe2O3 

1 – 4: phlogopite picrites from Mt. Meredith (1 – 3: from a dyke; 4: from moraine); 5 – 9: alkaline ultramafics from the Prince Charles Mountains 
(5: polzenites from Radok lake, average of 2 samples; 6: melilite picrites (polzenites) from Jetty Peninsula, average of 13 samples; 7: pyroxene 
picrites from Jetty Peninsula, average of 34 samples; 8: carbonatite kimberlite from Mt. Meredith (Mikhalsky et al., 2001), 9: carbonatite 
kimberlite from Fisher Massif (Egorov et al., 1993)); 10: average olivine kimberlites (Dawson, 1967; Muramatsu, 1977); 11: average mica 
kimberlites (Dawson, 1967). 
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Thus, the carried out age estimations and isotope composition of alkaline-ultramafic bodies of the Prince Charles 
Mountains allow to suppose their close in time intrusion and crystallization under conditions of developing in Mesozoic 
time Lambert–Amery rift and similar primary isotope composition of mantle source (or its similar evolution) and, as a 
result, to consider these geologic objects as products of a single alkaline-ultramafic province. 
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