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Abstract: The plutonic development of Gerlache Straitis mainly characterized by: 1) E-W decrease in age from Early
Cretaceous to Miocene, in which the youngest ages represent the end of a long period of subsolidus cooling; 2) SE—
NW increase in pressure of amphibole crystallization in Tertiary granitoids; 3) E-W increase in Py ¢ /P, for biotite
equilibration; and 4) wide compositional range and an overall eastward increase of felsic granitoid abundances. These
transverse variations appear to be a consequence of the NW-propagating Aluk Ridge—trench collision, which started
at the southern end of the Antarctic Peninsula in Early Tertiary time. The westward shift of Tertiary plutonism may
have resulted from a decline in subduction rate accompanying collision. The SE-NW increase in the pressure of
amphibole crystallization of Tertiary plutons is thought to reflect sampling of different depths due to differential uplift
in western Anvers Island, at the time of the ridge crest arrival. Progressively dehydration of hotter subducting crust
as the ridge crest approached, is suggested to explain the E-W increase in Pyy_ /P, for the biotite formation in the

studied rocks.
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Introduction

Like many Cordilleran batholiths, the plutonic rocks of
the Antarctic Peninsula exhibit gradients in geochronological,
geochemical and isotopic characteristics. The oldest plutonic
rocks (Triassic-Jurassic) are restricted to the eastern coast of
the Antarctic Peninsula, those of Cretaceous age are wide-
spread throughout the peninsula, and Tertiary rocks devel-
oped along the western coast (cf. Saunders et al., 1982).
Tarney et al. (1982), Saunders and Tarney (1982) and
Saunders et al. (1988) demonstrated an eastward increase of
LIL element concentrations and Ce/Yb in igneous rocks of
equivalent SiO, content. Similarly, there is a trend of east-
ward increasing initial 87Sr/36Sr ratio (0.704 to 0.707) in the
plutonic rocks of Graham Land (Pankhurst, 1982).

This paper is a contribution to the geochronology (K-Ar
ages, Table 1), and whole-rock and mineral chemistry of the
plutonic rocks of Gerlache Strait, in order to identify
transverse variations, emphasizing the relationships between
such variations and the Aluk Ridge—trench collision.

Transverse Variations

Age

Geochronological studies (cf. Rex, 1976; Pankhurst, 1982;
Pankhurst and Smellie, 1983) have provided evidence for
four important periods of plutonic development in the
Antarctic Peninsula: Triassic-Early Jurassic, Early Creta-
ceous, Late Cretaceous and Early Tertiary. Saunders ef al.
(1982) first pointed out a broad scale migration of the
plutonic activity of the Antarctic Peninsula from east to west
and from south to north.

Granitoids of the Danco Coast (West, 1974) intrude de-
formed sedimentary rocks of the Bahia Charlotte Formation
(Alarcon et al., 1976), a probable western equivalent of the
Trinity Peninsula Group, and volcanics of the Jurassic (?)
Canal Lautaro Formation (Hoecker, 1988). K-Ar ages of
117 and 94 Ma (Scott, 1965) and Rb-Srisochron ages of 131
+ 4 and 114 + 11 Ma (Pankhurst, 1982) have been obtained
on plutonic rocks from the Danco Coast. A new biotite K-Ar
age of 113 + 3 Ma was obtained by us for a hornblende-
biotite granodiorite from the SE extreme of Andvord Bay
(Fig. 1).

Two new biotite K-Ar ages of 50 £ 1 and 56 + 2 Ma
obtained for hornblende-biotite quartz-diorites from SE
Doumer Island and Port Lockroy, Wiencke Island, respec-
tively (Fig. 1), are consistent with published 54 to 49 Ma
ages (cf. British Antarctic Survey, 1984). Early Tertiary
biotite K-Ar ages of 68 = 2 and 54 = 1 Ma were obtained in
this study for granite and diorite, respectively, collected
from the NE extremity of Anvers Island.

Farther west on the south coast of Anvers Island near
Palmer Station, Gledhill et al. (1982) obtained a whole-rock
Rb-Sr isochron age of 35 + 6 Ma in tonalites and three
concordant biotite K-Ar ages of 20 Ma. A tonalite collected
at Palmer Station gave a new biotite K-Ar age of 20 + 1 Ma.
The 15 m.y. age difference between the Rb-Sr and K-Ar age
determinations has been explained as aresult of slow cooling
from the crystallization temperature to the Ar retention
temperature of biotite (Gledhill ez al., 1982). Such an age
difference is not observed between the Rb-Srand K-Ar ages
of the Cretaceous granite samples from neighbouring sites
of the eastern part of Anvord Bay.
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Fig. 1. Distribution of plutonic rocks around Gerlache Strait. Enclosed numbers are the ages obtained in this study.
Small numerals are sample numbers (e.g. 19 means GER-19). Source of the other geochronological data: Gledhill et
al. (1982), Pankhurst (1982), and British Antarctic Survey (1984). Frequency histogram of available radiometric ages
from the studied area is also shown. Inset shows the present tectonic situation of the Antarctic Peninsula and the

location of the studied area.

Table 1. K-Ar age data on biotites from Gerlache Strait plutonic
samples. Decay constants used: 4= 0.581 x 1070 y~, Aﬁ =4.962
x 107"%y~!. The value of “K/*K used for age calculationis 0.01167
+ 0.00004. Age determinations were obtained at Geochronologi-
cal Laboratory of SERNAGEOMIN, Santiago.

Samples % K,O % Ar*® % Atm. Ar  Age * Error (20)

GER-4

13.098 24

6.622 502+14
GER-5 6.805 14.965 37 557+ 1.6
GER-16 5.591 25.245 19 113.0+£3.0
GER-19 7.492 5.989 66 204£1.0
GER-30 6.528 17.697 27 68.0+2.0
GER-37 5.867

12.559 18 542+ 14

According to the distribution of the available radiometric
dates (Fig. 1), the most systematic decreasing age direction
is E-W instead of SE-NW normal to the trench and regional
lineaments. This suggests a roughly N-S orientation of
plutonic belts in Gerlache Strait area. The age difference
between the Cretaceous Danco Coast granitoids and the
Tertiary Anvers Island rocks, appears to signify a non-
magmatic interval between 68 and 95 Ma, analogous to that
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described in the Andes of central Chile (Parada et al., 1988).
Taking into account all available radiometric dates in the
area, a peak of plutonic activity in early Tertiary time (50—
60 Ma) isrecognized (Fig. 1). This event is well documented
farther south along the west coast of the Antarctic Peninsula
on Argentine and Adelaide islands (Rex, 1976; Pankhurst,
1982).

Lithologic features

Cretaceous granitoids of the Danco Coast range from
diorite to leucogranite. Lithological variations were found
from west to east along Andvord Bay: clinopyroxene-
hornblende diorites dominate the western part, whereas
hornblende tonalites and leucogranites occupy the interme-
diate and easternmost parts, respectively. Along the
Arctowski Peninsula, a suite of leucogranites, biotite gran-
ites and muscovite granitoids was extensively recognized as
the northern extension of Andvord Bay felsic plutonism,
consistent with the above mentioned N-S distribution of
granitoid belts.

Along the shore of Wiencke, Doumer and Anvers islands,
Tertiary mafic to intermediate plutonic rocks prevail. From
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the petrographic point of view, hornblende-clinopyroxene
diorites and tonalites are the most common varieties, although
gabbronorite and norite exhibiting cumulate textures are
present in the extreme SE of Anvers.

Mineral chemistry

Ten samples from equal number of plutons were analyzed
using a JEOL electron microprobe with appropriate natural
standards. Representative compositions of mafic silicates
are given in Table 2.

Mafic mineral compositions do not show significant re-
gional variations. Most of the analyzed pyroxenes are Ca-
rich clinopyroxene. Orthopyroxene was only identified in a
single sample from Andvord Bay. No significant variation
was detected inamphibole compositions from the Cretaceous
and Tertiary plutonic rocks; these are mainly magnesio-
hornblende (Fig. 2A), although ferro-hornblende actinolite
and ferro-edenite were identified in some Tertiary samples.
Inaddition, core and rim amphibole compositions are similar,
although no systematic measurements were carried out (Fig.
2A). A subtle compositional difference exists between bi-
otite phenocrysts of Cretaceous and Tertiary samples (Fig.

2B). With the exception of one Tertiary sample (GER-30),
the mole-fraction annite ranges between 0.36-0.48 in which
Cretaceous rocks have slightly higher values than Tertiary
rocks.

The only Fe-Ti oxide found is magnetite having compo-
sitions in the range Mtg;_g9. Magnetite appears as discrete
grains or as inclusions in mafic silicates, particularly in
biotite. Plagioclase composition ranges between An,g and
Angy. Most of the analyzed phenocrysts exhibit normal
zonation. The alkali feldspar shows restricted compositions
ranging from Orgyg to Orgg.

Physical conditions

Using the hornblende geobarometer of Hammarstrom and
Zen (1986), refined by Hollister ef al. (1987), and the am-
phibole—plagioclase geothermometer of Blundy and Hol-
land (1990), a pressure range of 0.9-2.4 kbar and a tempera-
ture range of 660—-740°C were calculated for the plutonic
rock emplacement (Fig. 3A). Although the precision of the
P-Testimates are limited by sample density and accuracy of
the methods (£1 kbar and £38°C) it is interesting to note a
northwestward (normal to the regional NE lineaments)
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Fig. 2. A) Composition of hornblende in Gerlache strait granitoids (nomenclature after Leake, 1978). Squares:
Cretaceous rocks (rim composition). Circles: Tertiary rocks; closed circles: rim composition; open circles: core
composition. B) Biotite compositions of Gerlache Strait granitoids. Squares: Cretaceous rocks. Circles: Tertiary
rocks. Dashed field encloses biotites from sample GER-30.
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