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Abstract.  The Southeastern area of Livingston Island is built up by igneous rocks of the Eocene Barnard Point Pluton 
and related or younger dykes. Our new field and petrographic studies in the area show that the pluton consists of 
several main rock varieties namely gabbro, gabbrodiorite, granodiorite and granites, whose relationships evidences 
magma mixing processes. The internal parts of the former chamber contain levels enriched in mafic microgranular 
enclaves forming pronounced magmatic foliation, which towards western contact of the pluton transits to a subverti-
cal N-S trending solid-state foliation and both parallelize the main foliation of the metamorphic host rocks. The latter 
evidences for a room creation and magma emplacement in tectonically active setting.
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Introduction

The South Shetland Islands represent a narrow and 
long crustal plate (the Shetland microplate) at the 
southwestern edge of the Scotia Ridge. The islands 
of the archipelago are bordered to the northwest by 
the South Shetlands Trench and to the southeast by 
the Bransfield Strait. The igneous activity on the 
South Shetland Islands is related to subduction pro-
cesses and island arc magmatism (Scarrow et al., 
1998). Livingston Island is a key area to deciphering 
the magmatic evolution of the island arc because of 
relatively good outcrop conditions. Plutonic rocks 
assigned to the island-arc complex are cropping out 
along the eastern coast of the False Bay, around 
Barnard Point and along the Friesland Ridge and 
Tangra Mts. The published K/Ar ages for the “to-
nalite” at Barnard Point are 46 and 40 Ma (Smel-
lie et al., 1984). Published studies on the field and 
petrographical characteristics of the intrusive rocks 
from Barnard Point are very limited. In this study, 
we present data about the petrographic features of 

plutonic rocks and field data, concerning some re-
lationships between different in composition phases 
of the larger Barnard Point intrusion. 

Results and discussion
In the following research, the intrusive rocks are 
considered and characterized as two end members – 
gabbro to gabbrodiorites and granodiorites to gran-
ites, respectively. This approach is relevant due to 
its similar lithological, mineralogical and structural 
features.

Gabbro and gabbrodiorites built up the southern 
parts of the pluton. These rocks are medium-grained, 
equigranular, composed of plagioclase, amphibole 
and clinopyroxene as principle rock-forming phases 
and minor biotite, quartz and potassium feldspar. 
The accessories are apatite, ilmenite and magnetite 
(Fig. 1a). The secondary mineral association in-
cludes chlorite and sulfides. Plagioclases are euhe-
dral to subhedral, prismatic to long prismatic, vary-
ing in size, locally forming subphenocrystals. They 
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are relatively fresh but some cores of zoned crystals 
are altered. Potassium feldspar and quartz are very 
rare and anhedral in morphology. Mafic minerals 
build up ~ 30% of the rocks. Amphiboles are chlor-
itized. Clinopyroxenes are partially chloritized.

Granadiorites and granites crop out in the 
northern part of Barnard Point. The rocks are medi-
um to coarse-grained and equigranular. The plagio-
clases and some of the mafic minerals are euhedral, 
while the potassic feldspars and partly biotite are 

Fig. 1. Intrusive rocks from Barnard Point, Livingston Island. a. Structure and mineral composition of gabrodiorites, XPL image; 
b. Ophitic structure and mineral composition of granodiorites and granites, XPL image; c. Spheroidal mafic enclave in the granodi-
orites. The boundary of the enclave is diffusive, due to the initial stages of magma mixing; d. XPL image of gabbrodiorite enclave 
in granodiorite; e. Level of magma mingling; f. Foliated granitic rocks. Abbrv.: Qtz, quartz; Pl, plagioclase; Bt, biotite.
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anhedral. Based on this, the structure can be further 
defined as granitic and ophitic. The principle miner-
als are plagioclase, quartz, potassium feldspar and 
biotite. The minor mineral is amphibole. The acces-
sories are apatite and zircon (Fig. 1b). Plagioclases 
are fresh, euhedral to subhedral, prismatic and long 
prismatic. Carlsbad twinning predominates than 
less commonly albite twinning. Potassium feldspars 
have rectangular and isometric shapes. The quartz 
is anhedral with wavy and mosaic extinction. It fills 
the intersticials between plagioclase and feldspars. 
Irregular compositional zoning of plagioclase sug-
gests multiple stages of growth and possibly resorp-
tion, inducing by magma mixing processes.

Igneous enclaves are abundant within the granites 
and granodiorites. They are basic (mafic) in composi-
tion, oval and elliptical in shape (Fig. 1c, d), porphy-
ric in texture, with well-developed quenching mar-
gins, resulted of a rapid cooling of hot, mafic magma 
during processes of magma mingling and mixing 
(Fig. 1e). Some of the boundaries of the magmatic 
enclaves are diffusive, suggesting an initial stage of 
magma mixing.

Besides magmatic enclaves, xenoliths of cumu-
lative, igneous rocks (gabbro and pyroxenites) were 
found. This fact suggests another process involved 
in the evolution of parental magmas, i.e. fractional 
crystallization provoked by cumulative processes in 
magma chamber.

Numerous mafic dykes of porphyry basalts 
(mainly) and basaltic andesites cut all rock suites 
in Barnard Point. They vary in thickness from  
50 cm to 1.5 m. In the southwestern part of the stud-
ied area, the exposed granites are well foliated. Fo-
liation strikes at 90–110° and deeps steeply (80°) to 
east-southeast (Fig. 1f).

Conclusions
The current field and petrographic studies demon-
strate that the intrusive rocks are represented by 
several igneous phases, including granites, granodi-
orites, gabbrodiorite and gabbros, in contrast to the 
previous idea of their monotonous “tonalite” com-
position. The composition of the pluton is complex, 
due to the various differentiation processes and the 
long evolution. Fractional crystallization and mag-
ma mixing up of two different types of magmas has 
been probably the main process responsible for the 
magma evolution and differentiation. The existence 
of concomitant but different in composition mag-
mas in a common magma chamber and the gradual 
transition from magmatic to superposed deforma-
tion planar structures in the plutonic body and their 
parallelism to the main metamorphic foliation in the 
host rocks, show that the Barnard Point pluton, most 
probably, was syn-kinematically emplaced in in a 
tectonically active environment.
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