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INTRODUCTION

The purpose of this report is to review and systematize
the petrography and petrology of the post-Miocene to recent
volecanic series of the Marie Byrd Land, Victoria Land, South
Shetland Islands and the South Sandwich Islands relating these
series to the Late Cenozoic volcanic seric of the Southern Andes
of Chile. Forty five chemical analyses of major clements and
seventeen of trace elements are given of samples from Marie
Byrd Land, collected by one of the authors (O. Gonzdlez) during
the Marie Byrd Land Traverse of the United States Antarctic Re-
search Program, National Science Foundation.

THE MARIE BYRD IAND SERIE

Figure 1 shows the distribution of the upper Cenozoic
volcanism in Marie Byrd Land, in an area over 700 kilometers
long, starting from the vicinity of Mt. Perkin and reaching as
far as Mt. Jones. Compound strato volcanocs are dominant and
are built upon a pyroclastic plateau. Geologic and petrographia
studies of this area have been made by FENNER (1938), ANDERSON
(1960), DOUMANI and EHLERS (1962), DOUMANI (1964?, WADE (1969),
%E ME?URIER (1969), GONZALEZ (1969), and GONZALEZ and GONZALEZ

1970).

From a petrographic point of view two volcanic 1ines are
recognized: a northern one with a predominance of porphyritic
trachytes and olivine basalts and mugearites, the latter in a
minor proportion, and a southern line with olivine basalts, ande-
sites, basalts, trachyandesites, hawaiites, phonolites and mugea-
rites. Abundant ultramaphic inclusions have been described by
GONZALEZ (1969).

Table 1 and 2 contains forty three chemical analyses of
ma jor elements and seventeen traceelements of samples from
Marie Byrd Land serie. Figure 1 indicated the exaet - volcanic
groups and the number of samples analyses from each of them.

VICTORIA LAND SERIES

Upper Cenozoic volcanic rocks in Victoria Land extends
from the Ross Sea Island (McMurdo Volcanic Group) to the northern-
most tip of Victoria Land, Figure 1. The geology and petrography
of this region has been described by HARRINGTON (1958, 1965),
TREVES (1967,1969), COLE and EWART (1968), NATHAN (1968), and
SKINNER and RICKER (1968).

, . The volcanic rocks from Victoria Land are augite and oli-
vine basalts, hornblend basalts, pyroxene and hornblend trachy-
tes (COLE and EWART, 1968), and alkaline differentiates, trachy-
basalts and trachyte phonolites (NATHAN and SCHULTE,1968).

Thirty eight chemical analyses of this region have been published,
twenty eight of them are from the McMurdo arca (Figure 1), and
four analyses of trance elements from Mt. Melbourne (NATHAN and
SCHULTE, 1968) .
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According to their petrography and chemistry, these rocks
have an alkaline character, similar to the ones described in the
Marie Byrd Land series. In Figure 2 the chemical lyses of the
Marie Byrd Land and Victoria Land series have bee jointly plot-
ted. They make up a single group with the exception of a minor
interruption in the section comprisecd betwecen 50% and 52% of

Si0o. Its alkalinlime index is 46.5, showing the chemically
alkaline character of these series.

Figure 3 corresponds to an AFM diagram of the Marie
Land and Victoria Land samples and shows a Slhighti incres
iron in the middle stage of the differentiation, and a
phase which is very rich in alkalis.

THE SOUTH SHETLAND ISLANDS SERIE

The South Shetland Island Scrie are located on ten of the
largest of the South Shetland Islands, northwest of the Artarctic
Peninsula. On these islands the Upper Cenozoic volcanic rocks
show ample development and volcanic activity continues to the
present time, as described. in Deception Island by VALENZUELA and
others (1968), BAKER and others (1969), and WILLIAMS (1969).

Several authors have described the geology and petrography
of Bridgeman, Penguin, Decception and King Georgc islands (Figure £)
GOURDON (1914), FERGUSON (1922), BARTH and HOLMSEN (1939),TYRREL
(1945), HAWKE (1961 b), GONZALEZ and KATSUI (1978).... The socks
of these series are mainly olivine basalts, olivine andesites
and augites.

Figure 4 is a compilation of chemical analyses of the
South Shetland Island volcanic series, published by the above
mentioned authors. The sequence 1s gradational in relation to
the increase of the percentage of (NaO + K,0), as well as the
decrease of the Ca0 related to the increase of Si0p content.
The absence of extremely basic lythologic types (less than 46%
of SiOp) and of extremely acid ones (More than 69% of SiOp):is
to be observed here. The alkali-lime index is 56.5, which
according to PEACOK's classification shows the calc-alkaline
chemical character of this serie.

Figure 5 is an AFM diagram of. the same' rocks., . There 1s
a moderate increase of iron in the middle stage of the differen-
tiation.

THE SOUTH SANDWICH ISLANDS SERIE

The South Sandwich Islands are distributed in the form
of an arch of eleven volcanic islands, KEMPT (1931); eight of
them had recent fumarolic activity, witnessed by BAKER (1968).
The geology and petrographic of this area has been noted by
TYRREL (1945), GAST and others (1963), and BAKER (1968), showing
that most of the volcanic rocks of these islands are basalts,
andesites, and a lesser, proportion of dacites that, according to
BAKER (1968, p. 204) might originate in a primary tholeiitic
magma . .
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CONCLUSIONS

A distribution pattern on the basis of two volcanic
provinces (Figure 5) is proposed for the post miocene to con-
temporary volcanic series:

I. Alkaline Province, Atlantic type,

IT. .Calc Alkaline.Provingce, Pacific type.

The alkaline Province comprises the Marie Byrd Land and
Victoria Land Series, and the Calc Alkaline Province comprises
the South Shetland and South Sandwich Islands series. The
calc-alkaline character of the Antarctic Province is found
again in the volcanic series of the South Andes of Chilej; and
for this reason this will be discussed in the light of the re-
cent data gathered in the Andean region.

I. The Alkaline Province of Marie Byrd and Victoria Lands.
This province is represented by the series of oldwine basalts,
bas altic-andesites, trachytes, mugearites and phonolites. The
alkali-lime index is 46.5 and the percentage of (NagO + Kp0)
versus the 60% of Si0, amounts to 12.5, being more alkaline
than the series of Hawaii, Scotland, Atumi, Morota and Gough
(KUNO, 1968, p. 671). These data lead to the classification
of these series as of an alkaline nature. HAMILTCON and BOU-
DETTE (1962) considered the upper Cenozoic volcanic rocks of
Marie Byrd Land and Victoria Land as belonging to the Alkaline-
volcanic province which is rich in sodium.

Figure 6 plots the values of (NapO + KpO) versus percen-
tage of Si0Op of samples of these volcanic series. The samples
are considerably richer in alkalis than samples of the other
series mentioned in this report. The serial value of RITTMANN
(1963) is almost 7, which is equivalent to that of the "Mean
Atlantic" series in the sense employed by RITTMANN.

II. The Calc-Alkaline Province comprises the series: a) "High
alumina basalt"” of the South Shetland Islands and the Southern
Andes of Chile, and b) "Tholeiitic" of the South Sandwich Islands.

The South Shetland Islands serie has a Peacock index of
56.5 and the value of the (NasO + K50) in relation to the 60% of
Si0Op is almost 7, which is similar to the value of the lower
limit of the alkaline series of Iki-Higasi-Matuura and Sidara
(KUNO} 1968, p. 671). The serial value of RITTMANN is variable
between 1.8 and 3, and this would indicate a "Mean Pacific" cha-
racter. ADDIE (1964, p. 545) states that these series are charac-
terized by an increase of sodium and a deficit in potassium in
the last stages of the differentiation.

The upper Cenozoic volcanism of the Southern Andes of 6hile,
has mineralogical and chemical features similar to the "High
alumina basalt" series as described by KUNO (1960) for the Japa-
nese Islands (KATSUI and GONZALEZ, 1968, p. 58). However, there
is in relation to its average, a larger content of sodic-alkali
in the rocks of the Southern Andes of Chile (VERGARA,1970). The
alkali-lime index of thjis serie is 56.2 and the percentage of
(Nas0 + K50) in relation to the 60% of SiOp amounts to approxi-
mately 6.5, which is similar to the value of the "High alumina
Basalt" series of the Skaergasrd intrusive and of the "Werner
basalt" (KUNO,1968, p. 655, figure 24). The RITTMANN serial
value varies between 1.8 and 3, showing a "Mean Pacific" character
(VERGARA, 1970). The pertinent valucs are very close to those of
the South Shetland Islands rocks. The petrographic character of



both is also similar, and this has led up To consider both se-
quences as belonging to the same serie of vo leandiec-rocks.

In Figure 6 therc is a plot of thc values of (Nap0 + KpO)
versus the percentage of SiO» for both thc Antarctic arecas and
the Southern Andes region. They have very similar chemical
features, which are characterized by a minor content of alkali
in relation to the alkaline serie of Marie Byrd and Victoria
Land, and a larger content of alkali in relation to the South
Sandwich Islands series. Nevertheless, thec most basic rocks

of the South Shetland Islands appear united with the samples
of the alkaline serie by their high content of alkali.

According to BAKER (1968, p. 204) thc volcanic serie of
the South Sandwich Islands could derive from fractional crysta-
lization of a primary tholeiitic magma. Figure 6 shows the
values (Nago + Kgo) of the samples of this region, . according
to data provided by TYRRELL (19453, GAST and others (1963),
and BAKER (1968, p. 202, Figure 4). They represent a serie
which has the lower content of alkali in relation to the other
series herewith studied. Most of the points fall within the
tholeiitic series of Japan (BAKER, 1968, p. 201), KATSUI (1969)
also attributes a tholeiitic character to this sericec. The
RITTMANN serial value varies between 1 and 1.8, demonstrating
the calc-alkaline character of the "Strong Pacific" type.

The pattern of distribution and petrographic systemati-
zation of the volcanic series presented in this report and
proposed by it, has a tentative character only. Thus, SR gES
a provisional character until an availability is established
of more petrographic, chemical and isotopic data of the volcanic
rocks in the south-eastern Pacific basin.
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Figure 1. Distribution of the chemical analyscs of the upper
ccnozoic volcanic rocks from Marie Byrd Land.

Figure 2. Parcial Harker variation diagram of % (Nao0 + KpO)
and % Ca0 vs. % Si0p for Marie Byrd Land and Victoria Land vol-
canic rocks series. The arrow shows the alkali-lime index.

Figure 3. FMA diagram for Marie Byrd ILand and Victoria Land
volcanics rocks series.

Figure 4. Parcial Harker variation diagram of % (Naps0 + KpOQ)
and % Ca0 vs. % SiOp for South Shetland Islands volcanic rocks
series.

Figure 5. FMA diagram for South Shetland Island volcanic rocks
series.

Figure 6. Pattern of distribution of the upper cenozoic volcanic
rocks series from West Antarctic and Southern Andes of South America.

Figure 7. Alkali-silica variation diagram for volcanic rocks
series from Marie Byrd Land.
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Alkali-lime index :56.2
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Alkali - lime index : 56.5

/
2. SOUTH 03
E'WAMERICA kil ook

B.~Tholeitic basalt Series
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