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The olivine basalts from Livingston Island, West Antarctica:
Petrology and geochemical comparisons

Borislav K. Kamenov

Abstract. Late Cenozoic mafic alkaline volcanic rocks occur throughout the entire Pacific coast of West
Antarctica, including in some of the islands adjacent or within the Bransfield Strait. Amongst them,
Livingston Island is the least well-known, particularly in respect to mineralogy, petrology and geochemistry
of the sparse manifestations of this type rocks, known as Inott Point Formation. The petrographic and geoche-
mical aspects of old and new-discovered outcrops of primitive volcanic rocks are described. The new chemi-
cal analyses specify the nomenclature as low-Ti undersaturated olivine basalts mainly, and hawaiites rarely.

Comparisons with the trace element characteristics of the similar rocks from the islands Greenwich,
Penguin, Deception and Bridgemen revealed common features: high LILE/HFSE ratios (e.g. Ba/Zr 1.4-2.2;
Ba/Nb 42-67; Rb/Nb 2.7-4; Ce/Nb 2.5-10; Th/Nb 0.25- 0.90; K/Zr 39-67 etc.). These ratios are opposite to
the low LILE/HFSE ratios in the alkalic provinces in Antarctic Peninsula (AP) and in Marie Byrd Land
(MBL). The generally low absolute abundances of HFSE in all within and around the Bransfield Strait
alkaline basalts and the high Zr/Nb (19-43) and St/Nb (>100) ratios are in contrast to such ratios in AP and
MBL exposures. Higher degree of melting and variable interaction with the continental lithosphere is
probably responsible for the geochemical differences with the alkaline basalts from the other provinces in
West Antarctica. The regional geochemical LILE differences between MBL and AP substantiate the
conclusion that they were derived from different source regions. Alkaline basalts from cratonic flood basalts
in Patagonia and from the Atlantic Ocean island Ascension were used for correlation and their geochemistry
is similar to plume-related MBL basalts.

In spite of the extensional setting in the back-arc rift of Bransfield Strait, the studied alkaline basalts bear
most of arc trace element signatures. New subdivision of the alkaline basalt provinces in West Antarctica is
proposed. To the AP province, known to be derived from MORB-source asthenosphere in slab-window
setting and to the MBL one, related to a deep mantle plume, we may add another one specific province,
namely Bransfield Strait extensional one with alkaline basalts bearing traces of a lithospheric contamination
and subduction-related geochemical signature.
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Pesrome. Ilo nenus TuxookeaHcku OpAr Ha 3amajgHa AHTApKTHAA, BKIIOYUTEIHO U B HAKOU OT OCTPOBHTE,
cbeeHu Ha win Bepen [IpoTtoka Ha Bpencuiina ce cpemaTr KbCHOHE030MCKA MaUYHN aIKaJIHH BYJIKAaHCKH
ckamu. OcTpoB JIMBUHTCTBH € Hal-MalKO H3ydeH MEXIy TEe3H OCTPOBH, OCOOEHO IO OTHONICHHE Ha
MUHEpAIOruATa, METPOJOrUATa M IFCOXUMUATAa Ha OCKbIHHMTE IIPOSABUM HAa TO3U THUIl CKaJU, KOUTO TyK ca
n3BectHH kato Popmanmsra Wuor Iloinr. B pabortara ca ommcanm nerporpad)ckute M TeOXHMHYHU
XapaKTePUCTUKH HAa U3BECTHU M HOBOOTKPUTHU PA3KpUTHUs Ha Te3U NPUMUTHUBHU ByJKaHCKU ckanu. Hosure
XUMUYHU aHaJIU3d YTOUYHSIBAT HAUMEHOBAaHMATA HA CKaJIUTE IJABHO KaTO HUCKOTUTAHOBU HEHACUTECHU
OJIMBUHOBHM 0a3alITH U MO-PAIKO KaTO XaBaHHTH.
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CpaBHEHHTA C €IEMEHTUTE-CIeIU Ha aHAIOTUYHH cKanu oT ocTpoBute ['puitnyny, Ilenryun, Jucenmsa
u Bpumxmen paskpuBar obuu ocobeHocTH — BuCOKU oTHowenust LILE/HFSE (nanpumep, Ba/Zr 1.4-2.2;
Ba/Nb 42-67; Rb/Nb 2.7-4; Ce/Nb 2.5-10; Th/Nb 0.25- 0.90; K/Zr 39-67, u T.H.). Te3u oTHOLICHHUS ca
TIPOTHBOIOJIOKHA Ha HHUCKHATE OTHOomeHUs LILE/HFSE B anxamHUTE NPOBHHUUH Ha AHTapKTHYECKHUS
noyoctpoB (AP) u Ha 3emsra Ha Mepu bspn (MBL). O6mo B3eTo, HEUCKUTE aOCONIOTHH KOJIMYECTBA Ha
HFSE BbB BCHUKH aNKaaHU 6a3anTtH oT paiiona Ha [Iporoka Bpencduitng u Bucokure orHomenuns Zr/Nb (19-
43) u St/Nb (>100) ca kopenno pazmuunu ot Te3u B AP u MBL Ilo-Bucokata cTemeH Ha TONEHE U
NPOMEHJINBUTE B3aUMOJCHCTBUSI C KOHTHHEHTAJIHATA JIMToc(epa ca BeposiTHaTa NPUYMHA 38 TEOXUMUYHHTE
pasnuuus C ajKaJdHUTe Oa3zanTH OT JAPYTUTe NPOBHHIMUM Ha 3amagHa AHATpKkTuaa. Pernonamnurte
TeOXUMHYHH pa3nuuusi B enementutre LIL mexny MBL u AP obocHoBaBaT 3akiioueHHeTo, 4e Te ca
MIPOM3IE3NH OT Pa3IMYHH WM3TOYHUNM Ha TONEHe. ANKanHH 0a3ainTh OT KpaTOHHHUTE IUIaTto-0asaintu B
Ilataronust ¥ OoT aTIAaHTHYECKUS] OCTPOB Bh3HeceHHe ca M3MON3BAHM 33 CPAaBHEHUE M TSIXHATA TEOXHMHS €
moI00Ha Ha CBBP3aHHUTE C MaHTHIHA cTpys 6a3antu Ha MBL.

HeszaBucumo ot excreHsnonHHaTa oOcTaHOBKa B 3ammerosust pudt Ha [Iporoka Ha Bpencdwuiinn,
IKATHUTE 0a3aJITH HOCSAT MHOTO OT IBTOBUTE XapaKTEPHUCTUKH Ha eJIeMEHTHTe cH cienu. [Ipeaara ce HOBO
MOJpa3ficisiHe Ha alKalHOOa3aJITOBHTEC NPOBHHIMKA B 3amagHa AnHrapktuaa. Hue no6aBsMe KbM
npoBuHIMATa Ha AP, npownsnszna ot eaun acreHocdheper MORB m3TouHMK B 00CTaHOBKA Ha CKBCBAaHE Ha
cyOmyuupaHara IJIacTUHA W KbM IpoBuHIMATA Ha MBL, cBbp3BaHa ¢ apn0OoOka MaHTHIHA CTpysl U exHa
JIpyra xapakTepHa MPOBHHIMS, a UMEHHO Ta3u Ha [Ipotoka Ha Bpencouiing — ekcTeH3HMOHHA, C aKaTHA
0asanTty, HOCEIIM CIEOH OT 3aMbpCSABAHE C JHUTOC(EpPEeH MaTepHal M C TEOXHMHYHA XapaKTepPHCTHKA,
CBBbp3aHa ChC CYOqYKILIHSI.

Introduction

Cenozoic alkaline basalts are widespread 1972, 1987), representing the top of
throughout the entire Pacific coast of West stratovolcanoes formed during Pleistocene-
Antarctica. Strong compositional similarities = Recent times.

are found between all outcrops, in spite of the Fresh lava and pyroclastic deposits of
fact that this volcanism is sparsely distributed  Quaternary age are known also on some spots
and episodic. The tectonic significance of the in Livingston Island and in Greenwich Island
Late Cenozoic magmatic activity has not been  (Smellie et al., 1984). The extensive snow
fully explained, but some of the alkali volcanic  coverage is a serious obstacle to examine the
rocks have been related to the inception of sparse volcanic activity on these islands and
extension following the cessation of subduction  every new piece of petrological and geochemi-
at the Pacific margin (Barker, 1982). The early  cal knowledge would add important clues to
Mesozoic to Recent subduction at the Pacific  the petrogenetic and tectonic interpretations of
margin of the Antarctic Peninsula gradually has  the area. Within this belt of alkaline mag-
ceased progressively northeastwards after a  matism, Livingston Island is the least well-
series of ridge crest-trench collisions (Cande et known, particularly in respect to its petrology,
al., 1982). Only off the South Shetland Islands  notwithstanding that the South Shetland
might very slow subduction be continuing at magmas are unique in the region with their
present to open the back-arc basin in the combination of features found in alkaline and
Bransfield Strait. This opening had occurred some mature arc settings. Their mantle sources
during the last 2 Ma (Weaver et al., 1979) and seem to have been chemically modified by
is marked with a series of submarine volcanoes  subduction processes and that is why they are
developed in association with the Bransfield chemically ambiguous.

Rift Basin. Some of the volcanoes emerged This paper sets out to incorporate some
above sea level to form the islands Deception, new whole-rock analyses, trace-element data
Penguin and Bridgeman (Gonzalez-Ferran, and rock-forming mineral chemistry obtained
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from old and new-discovered outcrops in
Livingston Island into the published data sets.
In order to allow comparison to other alkaline
basalt provinces, the study combines these new
data with a review of published data. We aim
to assess more fully the outcrops with the hope
that the new-obtained data and correlations
could help in every attempt to explain this
magmatism. The purposes of this mainly
geochemical oriented study are: 1) to determine
the specific geochemical characteristics of the
basalts from the known and new outcrops in
the island; 2) to compare lavas erupted in
Livingston Island with lavas from nearby vol-
canoes in the Bransfield Strait and to some
alkaline Quaternary provinces in West Antarc-
tica and in the adjacent areas; 3) to add new
arguments in understanding the petrogenesis of
basaltic lavas in the region of West Antarctica.

Geological background

Livingston Island is one of the places along the
Pacific coast of the West Antarctica known to
host several of the main geological units of the
Antarctic Peninsula region — fore arc basin,
magmatic arc and extension-related back-arc
volcanics (Storey et al., 1996).

The oldest unit is the Miers Bluff Forma-
tion (Hobbs, 1968), supposed for a long time to
be an important part of the fore arc basin. It
makes up most of Hurd Peninsula. The
depositional age of the formation is debatable —
Late Paleozoic (Grikurov et al., 1968), Early
Triassic (Smellie et al., 1984; Willan et al.,
1994; Tokarski et al., 1997), Late Triassic
(Ouyang et al., 2000) or Early Jurassic (Herve
et al., 1991). Recently nannofossils have been
recovered from the rocks (Stoykova et al.,
2002; Pimpirev et al., 2004) and the age was
assigned to Late Cretaceous. The tectonic
setting is equivocal and not well understood.

The Mesozoic and Cenozoic Magmatic
Arc (Thomson et al., 1983) is represented by
calc-alkaline plutonic and volcanic exposures,
thought to be parts of the Antarctic Peninsula
Batholith (Leat et al., 1995; Zheng et al., 1995)
and the Antarctic Peninsula Volcanic Group
(Thompson, 1982). The plutons are of Late
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Cretaceous (Kamenov, Monchev, 1996; Kame-
nov, 1997) and of Eocene age (Smellie et al.,
1995; 1996). Late Cretaceous age is obtained
for some of the volcanic successions (Smellie
et al., 1996; Zheng et al., 1996), but K-Ar ages
of 35-45 Ma (Smellie et al.,, 1996) are pub-
lished too and probably they show the effect of
a thermal event caused by the late intrusions.
Numerous mafic dykes cut all these igneous
and sedimentary complexes and their
emplacement spans the range of 79-31 Ma
(Zheng et al., 2002).

The late extension stage (Oligocene-
Recent) is related to the opening of the
Bransfield Strait back-arc basin, which is also
alternatively considered recently as a rifted
ensialic marginal basin setting (Keller et al.,
1991; Smellie, 2001). The rocks of this stage
are observed at northeastern Livingston Island
(Fig. 1) and they are known as the Inott Point
Formation. The lavas and lapilli-tuff units of
alkaline affinity (Smellie et al., 1984; 1995;
1996) were K-Ar dated at four widely sepa-
rated localities and yielded Pleistocene-recent
ages (< 1Ma, Smellie et al., 1996). The lavas
may overlie the Miers Bluff Formation at
Gleaner Heights, but no contacts are exposed.
The volcano Micky is a new well-preserved
exposure of fresh basaltic lavas, palagonitic
tuffs and lapili, located northwest of Burdick
Peak. Some pillow lava fragments were
obviously produced by eruption inside the ice.
The subglacial conditions are observed also in
another exposure southeast of Burdick Peak,
where red scoria is found as well, thus
suggesting subareal deposition in addition to
the shallow water pillow lavas. Only 2
chemical analyses were available in the
literature — one from the outcrop southeast of
Burdick Peak and other from Samuel Peak
from the eastern part of the island, not very far
from Inott Point (Smellie et al., 1984; 1996).
Recently Veit (2002) presented several new
analyses taken out from the area around
Burdick Peak. The field observations and
sampling for the present paper were undertaken
during several Bulgarian Antarctic expeditions,
starting from 1992/1993 season.
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Fig. 1. Sketch maps showing the location of the exposures of alkali basalts mentioned in the text: Ascension
Island (A); Pali-Aike volcanic field in Patagonia. Eastern limit of Cenozoic arc-cross-hatched strip (B);
Cenozoic alkaline volcanic rocks in Marie Byrd Land and in Antarctic Peninsula (C); South Shetland Islands
and Bransfield Strait with batimetry (D); main outcrops (stars) in Livingston Island, Inott Point Formation
(E). Maps of Weaver (1991), Weaver et al. (1979, 1987), Stern et al. (1990), Hole, LeMasurier (1994) are
used in this compilation

@ur. 1. CxeMaTHYHU KapTH, MOKa3Balld MACTOTO HA PasKPUTHATA OT AIKAIHU Oa3aiTH, CIIOMEHABaHU B
tekcta: OctpoB Bn3necenne (A); BymkaHckoTo moje Ilamm-Aiike B Ilararonms. M3tounarta rpaHuma Ha
Heo30licKaTa JIbra — UBHIaTa C KPbCTOCAHA IPHXOBKa (B); HEO30/MCKH ajKalHK BYJIKAaHCKH CKalH B 3eMsTa
Ha Mepu Bwvpa u B AHrapkruueckus noiyoctpoB (C); apxumenarsT Ha FOXKHOIIETIAHACKHTE OCTPOBH H
IIporoxa Ha Bpencowuitng ¢ Garumerpusta (D); riaBHuTE paskpuTHs (3Be3AMYKH) B OCTPOB JIMBHHICTBH,
@®opmarusara Wuot Ioiint (E). B komnminanusara ca n3nonsBanu kapta Ha Weaver (1991), Weaver et al.
(1979, 1987), Stern et al. (1990), Hole, LeMasurier (1994)
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The lava rocks at the Mount Plymouth in
Greenwich Island are lithologically and geo-
chemically comparable with the ones from
Inott Formation in Livingston Island (Weaver
et al., 1979).

Representative  samples of alkaline
volcanic rocks from the islands Deception
(Baker et al., 1975; Smellie, 1990; 2002),
Bridgman and Penguin (Gonzalez-Ferran,
Katsui, 1970; Gonzalez-Ferran, 1972) were
studied (Weaver et al., 1979) to provide
information on the nature of magmatism
associated with the initial stages of back-arc
spreading. The islands Deception and
Bridgeman are situated close to the axes of
spreading, whereas Penguin Island lies slightly
to the north of these axes. All these exposures,
including the ones from Livingston Island are
in general not very much unlike the outcrops in
Mary Byrd Land (LeMasurier, 1972;
LeMasurier, Rex, 1991), Alexander Island
(Hole et al., 1991), Antarctic Peninsula
(Gonzalez-Ferran, 1983,1985; Smellie, 1981;
1987; Smellie et al., 1988; Hole, 1988; Hole et
al., 1993), Seal Nunataks (Hole, 1990) and
James Ross Island (Baker et al., 1973). Some
chemical and isotopic data for the Quaternary
basalts of Bransfield Strait are published
(Keller et al., 1991) and it is known that their
range of *’Sr/*®Sr is between 0.7030 and
0.7036, eNd being between 4.7 and 7.4 (Futa,
LeMasurier, 1983). Limited number of Pb-
isotopic results reveals rather restricted range
of the ratios ““Pb/*Pb (18.74-18.76),
27pp/2%Ph  (15.60-15.62) and “**Pb/™Pb
(38.50-38.56).

The Quaternary alkaline basalts of the
Patagonian plateau lavas of southernmost
South America in Pali-Aike volcanic field
(Munoz, Stern, 1989; Stern et al, 1990;
Skewes, Stern, 1979) were chosen also for
comparisons with the Livingston Island
extensional basalts as well as the alkaline
basalts from one typical ocean island, namely
Ascension Island in the South Atlantic (Harris,
1983; Weaver et al., 1987). The author visited
briefly the occurrences in Ascension Island,
Deception Island and in Pali-Aike field,
Patagonia in 1988 and 1994 and carried out
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field work in Alexander Island, Antarctic
Peninsula alkaline province in 1989, but all
comparative geochemical data from these

localities are taken from the published
literature.
Petrography

The lavas in Livingston Island are black in
colour and very fresh olivine-basalts predomi-
nantly and rarely havaiites. The highly porphy-
ritic varieties are seldom observed and the
aphyric and subporphyric rocks are most
common. The porphyritic basalt contains 15-
17% phenocrysts by volume. Lavas in the
exposure around the elevation 443 m. a.s.L
comprise typically 5-8% clinopyroxene crys-
tals, 4-7% plagioclase phenocrysts and 3-4%
rounded or embayed olivine grains. The
groundmass is fine-grained intergranular in
texture, formed by elongated tiny plagioclase
laths (50-60%), isometric olivine grains (2-
3%), clinopyroxene (=20%) and magnetite
(=10%) microliths and a few chlorite flakes
developed partly on the brown volcanic glass
(=5-10%). Intersertal textures are also present.
Havaiites show trachytic textures. The average
size of the plagioclase laths in the groundmass
is 0.25 x 0.003 mm.

Clinopyroxene phenocrysts (Table 1) have
average size 0.80 x 0.50 mm, the largest in the
thin sections size being 1.75 x 1.10 mm. The
wollastonite component (Wo) is between 44
and 51% (the average composition is Woy9)
and this determines the clinopyroxenes as
diopside. The extinction angle ¢/Z = 43-50°.
Hourglass structure and oscillatory zoning are
often observed. Chemically zoned pyroxenes
have cores with average Woy 5 in the cores and
Wos, s in the rims. The increasing of the Ca to
the rims is related to the increase in alkalinity
during the crystallization. The ratio Mg# is
average 81 (range 78-83) in the cores and 76
(range 74-77) in the rims. This parameter
confirms the marked enrichment not only in Ca
(usually Al and Ti, too), but also in Fe/Mg
ratio.

Olivine microphenocrysts are chemically
zoned having Mg-rich cores and slightly more



Table 1. Chemical composition of selected phenocrysts of mafic minerals
Tabauua 1. Xumuuen cocmas na uzbpanu nopgupu om maguynu munepaiy

Mineral Clinopyroxene Olivine

Rock Olivine basalts | Hawaiite Rock | Olivine basalt | Hawaiite
SiO, 50.97 52.44 49.18 4791 | SiO, 39.44 39.11 40.58 38.17
TiO, 0.28 0.25 0.62 0.95 | TiO, 0.00 0.08 0.09 0.00
AlLO; 4.92 5.09 7.89 7.45 | ALLO; 0.68 0.67 1.03 0.60
Cn0; 0.26 0.18 0.16 0.22 | Cr,04 - - - -
NiO - - - - | NiO 0.00 0.21 0.28 0.00
FeOt 6.13 5.09 6.41 7.81 | FeOt 16.56 15.30 13.19 2422
MnO 0.00 0.00 0.00 0.00 | MnO 0.28 0.31 0.52 0.53
MgO 15.86 16.34 14.39 12.55 | MgO 42.36 43.46 43.62 36.10
CaO 21.41 20.80 21.53 23.19 | CaO 0.27 0.08 0.14 0.36
Na,O 0.00 0.00 0.00 0.00 | Na,O 0.00 0.00 0.00 0.00
K,O 0.00 0.00 0.00 0.00 | K,0 0.00 0.00 0.00 0.00
Total 99.83 99.82  100.18  100.08 | Total 100.53 99.22 99.45 99.98
Na 0.00 0.00 0.00 0.00 | Si 1.00 0.99 1.01 1.00
Ca 0.84 0.81 0.85 0.93 | Al 0.00 0.01 0.00 0.00
Mn 0.00 0.00 0.00 000 | T 1.00 1.00 1.01 1.00
Fe?* 0.16 0.15 0.15 0.07 | Al 0.02 0.01 0.03 0.02
Mg 0.00 0.04 0.00 0.00 | Ti 0.00 0.00 0.00 0.00
M2 1.00 1.00 1.00 1.00 | Ni 0.00 0.00 0.01 0.00
Fe** 0.03 0.00 0.05 0.17 | Fe 0.35 0.32 0.28 0.53
Mg 0.87 0.84 0.79 0.70 | Mn 0.01 0.01 0.01 0.01
Ti 0.01 0.01 0.02 0.03 | Mg 1.60 1.64 1.63 1.41
Cr 0.01 0.01 0.00 0.01 | Ca 0.01 0.00 0.00 0.01
Al 0.09 0.12 0.15 0.12 | Na 0.00 0.00 0.00 0.00
MI 1.01 0.98 1.01 1.03 | Total 1.99 1.98 1.99 1.98
Al 0.12 0.10 0.19 021 | Fo% 82.0 83.7 85.3 72.7
Si 1.88 1.90 1.81 1.79 | Chemical analyses made on JEOL JCM 35CF
T 2.00 2.00 2.00 2.00 | electron microprobe with Tracor Northern TN-2000
Mg # 81.7 86.4 79.8 74.5 | system in the EUROTEST Co, Sofia. Operating
Wo 452 44.0 46.2 49.7 | conditions: 15 kV accelerating voltage, counting
En 44.8 47.8 429 374 | times 100 s and sample current 2.10°A; Mgt
Fs 10.0 8.2 10.9 12.8 | =100Mg/Mg+Fe (apfie)

Fe-rich rims. The compositional range (Table
2) for the grains of average size 0.35 x 0.10
mm is Fogsg¢ in the cores and Fog,g; in the
rims. The smaller grains of average size 0.15 x
0.10 mm have a composition Fogyg,. The
maximum range of composition encountered in
a single crystal is Fogs7; in havaiite. Within
this range olivine phenocrysts show a limited
but distinct trend of Ca-enrichment from 0.14
wt.% to 0.36 wt.%. This may be interpreted as
a response to decreasing pressure during
crystallization.

Plagioclase phenocrysts in the range
Angg.g; have been determined (Table 3). The
average size is 0.24 x 0.09 mm and the maxi-
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mum in the thin sections studied is 0.62 x 0.19
mm. A seriate gradation of the grain-size into
the groundmass is typical. Most crystals are
normally zoned having calcic cores (Ang;.z)
progressing to more sodic rims (Ang). A
reverse zoning is also observed in some of the
larger grains — Ang; in the cores and Ang, in the
rims. Plagioclase microliths in the groundmass
(size 0.15 x 0.03 mm) have compositions in the
range Ansyss. Olivine and clinopyroxene
participate also in the groundmass.
Microphenocrysts of magnetite and ilme-
nite coexist in the basalts. Chromite grains are
present as intergranular rare small crystals in
more Mg-rich variety of the olivine basalt rock.



Table 2. Chemical composition of selected

plagioclases

Tabmuma 2. Xumuuen cvcmas Ha  usdpaHu

NAASUOKAA3U
Rock Olivine basalt Hawaiite

Notes| core | core | core core | rim

SiO, 47.85 47.74 4740 49.53 55.16
TiO, 0.07 0.00 0.00 0.00 0.06
ALO; 3352 33.16 33.05 30.15 27.66
FeO 063 070 078 0.64 0.90
MnO 0.00 000 010 0.00 0.11
MgO 0.00 0.00 0.00 0.00 0.00
CaO 1623 16.04 1645 1590 11.64
Na,O 1.39 1.99 1.70 275 441
K,0 0.00 0.10 0.06 0.14 0.00
Total  99.69 99.73 99.54 99.11 99.94
Na 012 018 015 025 0.39
K 0.00  0.01 0.00  0.01 0.00
Ca 080 0.79 0.81 0.79  0.56
Mn 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00
X 092 098 096 1.05 095
Si 220 220 219 229 249
Al 1.81 1.80 1.80 1.65 1.47
Ti 0.00 000 0.00 0.00 0.00
Fe 0.02  0.03 0.03 0.02  0.03
VA 403 403 402 396 399
X+z 4.95 5.01 498 501 4.94
An% 869  80.6 844 752 589
Ab % 13.1 18.4 15.6 238 4l1.1
Or % 0.0 1.0 0.0 1.0 0.0

The alteration is unusually slight in most
of the specimens. It consists of serpentine and
bowlingite rare replacements of olivine and
chlorite in the groundmass. The yellow-orange
glass in the tuffs is palagonitized.

Geochemistry
Major oxides

Basalts from Inott Point Formation are not very
much variable in major oxide composition
(Table 4), e.g., SiO, 46-50%, AlL,O; 16-18%,
TiO; 1.0-1.3%. MgO varies from 5 to 11%
with > 80% of samples having over 6% MgO
and > 100 ppm Cr (max. to 594 ppm). The
samples do not define a single coherent trend
on MgO variation diagrams. Samples are
mainly undersaturated low-Ti olivine basalts
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(up to 6% normative nepheline) to slightly Si-
saturated (less than 4% normative quartz). The
majority of samples plot beneath the dividing
line between saturated and undersaturated
rocks with a few samples above this line (Fig.
2a). Based on the classification TAS plot of
LeMaitre (1989) the samples are assigned to
olivine basalts and hawaiites. The analyzed
samples are relatively primitive and therefore
the effects of high-level fractional crystal-
lization are insignificant. It means that there is
no need for screening and reduction of the set,
when the primary geochemical peculiarities are
considered. The element variations are consis-
tent with limitted low-pressure crystal fraction-
ation involving olivine - calcic plagioclase -
clinopyroxene.

A close similarity is found between the
Inott Point Formation samples and the alkaline
basalts from Penguin and Greenwich (Weaver
et al., 1979) islands, situated in Bransfield
Strait area. The common field of these volcanic
samples is located on the most primitive end of
the chemical range of all magmatic rocks in
Hurd Peninsula. It seems that the Quaternary
basalts from the islands Bridgeman and Decep-
tion (Baker et al., 1975) are more evolved than
the lavas from the same age from Livingston
Island. In contrast to other Quaternary basalts
in Bransfield Strait, which are all basaltic to
basaltic andesitic, Deception Island contains a
wide range of compositions extending from
basalt to dacite. The trend of the Deception
Island compositions lies close to and just above
the dividing line between the transitional and
saturated rocks.

All studied rocks belong basically to a
calc-alkaline medium-K series related to arc
magmatism (Fig. 2b). The same series is
typical for the other Quaternary volcanic rocks
from the islands Deception, Bridgeman,
Penguin and Greenwich.

Trace element characteristics

General features

The general trace element characteristics of
representative samples from the new exposures



Table 3. Representative analyses of rocks (major oxides in wt.% and CIPW norms)
Tabmuua 3. Ilpeocmagumennu ananusu na ckanu (2nasuu okcuou 6 meen.% u CIPW nopmu)

Sample M-64/A | M-64/b | M-64/T I1/3 I1/2
Rock basalt basalt hawaiite basalt basalt
SiO, 48.78 49.02 49.00 45.66 45.71
TiO, 1.17 1.15 1.08 1.14 1.30
ALLO; 17.56 17.50 17.71 15.78 15.89
Fe,0; 3.40 3.10 3.05 8.11 3.46
FeO 6.55 5.98 6.23 2.55 6.94
MnO 0.17 0.16 0.17 0.17 0.17
MgO 6.81 7.01 6.50 11.90 11.90
CaO 10.93 11.21 11.30 11.35 11.11
Na,O 3.84 4.25 4.22 2.54 2.60
K,O 0.60 0.68 0.91 0.95 0.46
P,0;5 0.23 0.20 0.20 0.19 0.20
H,0- 0.05 0.11 0.02 0.02 0.13
Total 100.09 100.37 100.39 100.36 99.87
Q 0 0 0 0 0
Or 3.55 4.02 5.38 5.61 2.72
Ab 26.26 23.85 22.20 15.87 16.37
An 28.92 26.68 26.71 28.86 30.34
Ne 3.38 6.56 7.31 3.04 3.05
Wo/Di 9.94 11.54 11.71 10.94 9.80
En/Di 6.41 7.69 7.50 9.46 7.02
Fs/Di 2.87 3.00 345 0 1.90
Fo 7.39 6.84 6.09 14.40 15.85
Fa 3.65 2.94 3.08 0 4.74
Mt 493 4.50 4.42 5.46 5.02
Hem 0 0 0 4.35 0
11 222 2.18 2.05 2.17 2.47
Ap 0.54 0.47 0.47 0.45 0.47
Total 100.06 100.30 100.40 100.60 99.75
DI 33.18 34.43 34.89 24.53 22.13
CI 37.41 38.69 38.30 46.51 46.80
N-An% 50.73 49.33 50.51 62.22 62.74

Wet silicate analyses, performed in the Geochemical Laboratory of the Sofia Univesrsity by the analysts E.
Landgeva and T. Kurteva. The rocks are named by the TAS-systematics of LeMaitre et al. (1989). Samples
I1-3 and II-2 are dykes cutting the plutonic exposures around Mount Pliska and referred to the same Inott

Point Formation

Ckanure ca aHalIM3UpPaHU 10 MOKBpP KJIACHMYECKH CIoco0 B reoxumuyHara jabopatopus Ha Coduiickus
yauBepcuterT oT aHamutunure E. JlammxeBa m T. KypreBa. Homenknartypata Ha ckamure € mo TAS-
knacupukamuara Ha LeMaitre et al. (1989). Ilpobure I1-3 m II-2 ca paiikm, cedamy IUTyTOHHYHHTE
PpasKpuTHsL OKOJIO BPBX [liIHcka u ce oTHacAT KbM cbiiata popmanus Muot [lonaT

of basalts in Livingston Island are shown in
Fig. 3A as a series of multi-element plots
normalized to average N-MORB of Pearce
(1983). All patterns are typically enriched in
LILE and depleted in the HFS elements Ti, Y
and Cr. The clear negative absolute (in relation
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to MORB) and relative (regarded to the adja-
cent Ce and Th normalized values) anomalies
for Nb are geochemical island-arc character-
istics of the subduction-related magmas, which
like the bulk continental crust itself (Taylor,
McLennan, 1981) are strongly depleted in Nb
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Fig. 2A) Quaternary basalts from the areas in Bransfield Strait and adjacent islands in South Shetland Islands
in the plot SiO, vs. (Na,O + K,0) after LeMaitre (1989). Fields of all Hurd Peninsula, Livingston Island
plutonic rocks, of Deception Island volcanic rocks (Baker et al., 1975), Bridgeman Island basalts (Gonzalez-
Ferran, Katsui, 1970; Weaver et al., 1979) are for comparison with the field for Livingston Island alkaline
basalts (unpublished and from Smellie et al., 1984), Greenwich Island (Smellie et al., 1984), Penguin Island
(Weaver et al., 1979). B) SiO, vs. K,O plot after LeMaitre (1989). The same reference sources are used

Qur. 2A) Anxannu 6Gasantu ot pailoHa Ha [Iporoka Bpencouiing n cecennute ocTpoBH B Apxumenara Ha
IOxHowmernanackure octpoBu B auarpamara SiO, vs. (Na,0O + K,0) nmo LeMaitre (1989). Ilonerara nHa
BCHYKHU IUTyTOHMYHM CKaJlU OT HOJYOCTPOB XbpJA, OCTPOB JIMBHHICTBH, Ha BYJIKAHCKHTE CKAaJIHd OT OCTPOB
Hucenmsa (Baker et al., 1975), na ankamau 6a3anté ot octpoB bpumkmen (Gonzalez-Ferran, Katsui, 1970;
Weaver et al., 1979) ca 3a cpaBHEHHE C TMOJETO 3a AQIKAIHUTE O0azainTd OT OCTPOoB JIMBHHTCTHH
(umenmybmukyBann u ot Smellie et al.,, 1984), octpoB I'puitnyna (Smellie et al., 1984), octpoB Ilenrynn
(Weaver et al., 1979). B) duarpama SiO, vs. K,O no LeMaitre (1989). M3non3Banu ca ChIIUTE JTUTEPATYPHH
U3TOYHHIH
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Table 4. Trace elements in some selected bulk rock samples
Tabmuna 4. Cvovporcanus na enemenmu-cieou 8 HAKOU U3OPAHU CKATHU NPOOU

Sample | Cr | Ni [Th [ Rb [ Ce [ Ba | St [ zZr | V [ Nb | Y
M-64/a 98 35 1 8 22 190 568 128 240 3 20
M-64/6 117 35 1 12 30 180 544 128 170 4 22
M-64/r 96 37 2 12 14 200 575 129 270 3 22

I1-2 590 180 1 8 15 90 420 55 292 3 18
I1-3 450 206 2 12 29 129 530 63 285 2 15

Analytical method: X-ray fluorescence (EUROTEST Co, Sofia) with exception of Ni determined by atomic
absorption in the Geochemical Laboratory of Sofia University

AmnamutraeH Meton: perrreHo-guryopectenTeH (EUROTEST Co, Codust), ¢ uskinrouenue Ha Ni, onpenensH
ype3 aToMHa abcopOuust B I'eoxumunueckara madoparopust Ha Copuiickust yHUBEpCUTET

relative to the other highly-incompatible trace
elements (e.g., Saunders et al., 1980;
Thompson et al., 1984). The pattern resembles
the one for the transitional basalts in the ocean
arcs (Pearce, 1983). The shown for comparison
patterns for the representative samples from
Penguin Island (Fig. 3B), and Bridgeman
Island (Fig. 3C) using the data from Weaver et
al. (1979) are with similar peculiarities and also
suggest subduction-related affinity of their
magmas. The ratio Cen/Yy = 1.5-3.7 in the
Inott Point Fm. basalts coincides with Cen/Yn
range in the basalts from the islands within
Bransfield Strait (1.2-4.6).

Quite different are the patterns of the
MORB-normalized trace-element distributions
for selected alkaline basalts from Patagonia
(data source: Stern et al., 1990) shown in Fig.
3D. In general they exhibit similar trace-
element abundances to ocean-island basalts
(OIB) and some continental alkaline basalts
with low LILE/HFSE ratios. The high absolute
negative Nb anomaly, which is a feature of arc
magmas, does not exist. The spidergrams have
the humped profiles, similar to oceanic island
tholeiites. It is interesting that the N-MORB-
normalized diagramme of the Deception Island
(Smellie, 2002) reveals some similarities with
the one for Patagonia samples. Variable
Cen/Yy ratios (4.4-8.8), but relatively consis-
tent abundances of HFSE are suggestive of
residual garnet during partial melting. Typical
within-plate basalt patterns (WPB) of the
MORB-normalized multi-element plots are
reported for Antarctic Peninsula alkaline
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basalts (Hole, LeMasurier, 1994), St. Helena
(Chaffey et al., 1989), Ascension Island
(Weaver et al., 1987), Baja California, Mexico
(Storey et al., 1989), etc.

HFSE fractionation as indicators of partial
melting

The absolute abundances of Y (14-22 ppm) in
the samples from Livingston Island are nearly
constant and always <l in their MORB-
normalized values, which also supports the
idea of presence of residual garnet in the
mantle source, giving a minimum depth of
origin of the magma around 80 km. Nearly the
same range of Y is observed in the basalts from
Penguin Island (10-13 ppm), Greenwich Island
(12-14 ppm), Bridgeman Island (9-11 ppm). In
contrast, the alkaline basalts from Alexander
Island (23-26 ppm), Seal Nunataks (21-27
ppm), Patagonia cratonic basalts (20-24 ppm)
and Ascension Island (34-47 ppm) have higher
absolute Y abundances.

All analyzed samples from Livingston
Island have less than 8000 ppm Ti (range 5454-
7012 ppm) similar to the Ti abundances in the
other Bransfield Strait basalts. On a plot of
Zr/Nb ratio versus Ti (Fig. 4A) two clusters are
distinguished. The low-Ti and high Zr/Nb alka-
line basalts of the Bransfield Strait province,
including the outcrops in Livingston Island are
clearly distinguished from the high-Ti and low
Zr/Nb alkaline basalts from the provinces in
Antarctic Peninsula (Alexander Island and Seal
Nunataks), Patagonia flood basalts and
Ascension within-plate ocean-island basalts.
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Fig. 3. Selected MORB-normalized trace-element
patterns for samples from Livingston Island (A),
compared to data from Penguin Island (Weaver et
al., 1979) (B), Bridgeman Island (Weaver et al.,
1979) (C), and Patagonia Pali-Aike volcanic field
(Stern et al., 1990) (D)

@ur. 3. N36pann MORB-HOpManu3upanu pasmpe-
JeneHus 3a mpodu OoT ocTpoB JIMBHHTCTBH (A)
cpaBHEeHHU ¢ AaHHH oT octpoBute Ilenryun (Weaver
et al., 1979) (B), bpumxmen (Weaver et al., 1979)
(C) n Bynkanckoro none [lamu-Ailike B Ilataronus
(Stern et al., 1990) (D)
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The relative abundances of the HFSE of
Inott Point basalts differ essentially from those
of Antarctic Peninsula and Marie Byrd Land
(MBL). For instance, the total range in Zr/Nb is
between 19 and 43 (average 33) for Inott Point
basalts, but for the Antarctic Peninsula this
ratio is as low as 2.9-9.0 (average 6), according
to Hole (1990) and Hole et al. (1993). Nearly
the same range of this ratio is known for MBL
basalts (3.1-9.2, average 4.5 - LeMasurier, Rex,
1991; Hole, LeMasurier, 1994). Similar over-
lapping ranges of the low ratios are reported for
cratonic basalts in Patagonia (3.7-4.7, average
4.2 - Stern et al., 1990) and in the ocean island
basalts of Ascension Island (Weaver et al.,
1987). In contrast, the majority of the inter-
element ratios of the HFSE cover similar
ranges for the basalts from the volcanoes
within and around the Bransfield Strait. For
example, the total range of Zr/Nb for Penguin
Island is as high as 20-40 (average 26), for
Greenwich Island it is 39-77 (average 30) and
for Bridgeman Island — 58-76 (average 70),
calculated from the published data (Weaver,
1979). The high Zr/Nb ratios in the basalts
from the province around Bransfield Strait are
due mainly to the very low Nb absolute
abundances in these basalts (2-5 ppm). By
contrast, samples from Alexander Island (Hole
et al., 1991) and from Seal Nunataks (Hole,
1990; Hole et al., 1993; Hole, LeMasurier,
1994) have a total range in Nb abundances
between 12 and 80 ppm and this range is
comparable to the range in Marie Byrd Land
basalts (31-91 - Hole, LeMasurier, 1994), simi-
lar to the range in alkaline basalts from
Patagonia (50-75 - Stern et al., 1990) and from
Ascension Island (35-68 - Weaver et al., 1987).
The unusual low absolute abundances of Nb in
the basalts from Livingston Island and in the
islands within the Bransfield back-arc rift are
even lower than in the subduction-related
Tertiary lavas from Antarctic Peninsula (2-14 -
Saunders et al., 1980).

All primitive alkaline basalts, regardless
of geographical location, exhibit strong rela-
tionship between the degree of partial melting
(Lan/Yby, Cen/Yn, Nb/Y ete. as indexes of the
extent of melting) and the ratios Ti/Nb, Zr/Nb,
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©Our. 4A) Zr/Nb vs. Ti plot for Livingston Island
samples (open circles) compared to samples from
the islands Penguin (filled circles), Greenwich (filled
squares), Bridgeman (x) in Bransfield Strait area and

to samples from Antarctic Peninsula (open triangles,
Alexander Island and half-filled squares, Seal
Nunataks), Ascension Island (diamonds, Weaver et
al., 1987) and Patagonian Pali-Aike volcanic rocks
(crosses). The other sources are as in the Fig. 3. Data
for N-type MORB is from Saunders and Tarney
(1984), and for average continental crust (C.C.) -
from Weaver and Tarney (1984). B) Zr/Nb vs. Nb/Y
plot for the same samples. OIB — from Sun (1980).
C) St/Nb vs. Cen/Yyn plot for the same samples.
Chondrite-normalization factors - from Sun and
McDonough (1989). The average continental crust
(C.C.), N-MORB and OIB values — as in Fig. 4A
@Our. 4A) JInarpama Zr/Nb vs. Ti 3a obpasmu or
ocTpoB JIMBHHTCTBH (TIpa3HU KPBIieTa), CPaBHEHH C
npobu ot octpoBute [leHryuH (IUTBTHH Kpbryera),
I'puitnynu  (3ambiiHEHW  KBaapaTH), bpupkMmeH
(xuKcoBe) OT paiioHa Ha THpoToka Bpencduitng u c
npoOu OT AHTAPKTHYECKUS MOIyOCTPOB (OCTPOB
Anexcanabp — npa3Hu TpubrbJHUIM U HyHaTauure
Cuiin  — TONy3ambJIHEHH KBaJpaTH), OCTPOB
Brsnecenne (Weaver et al.,, 1987 - pomboBe) u
mpobu ot ByikaHckoTo monie [lamm-Ajike B
IMararonus (kpbcruera). Jpyrure W3TOYHMIM ca
kakTo Ha ¢ur. 3. lanaute 3a tuna N- MORB ca ot
Saunders, Tarney (1984), a 3a cpemHara KOHTH-
HeHrtanHa kopa (C.C.) — ot Weaver, Tarney (1984).
B) Muarpama Zr/Nb vs. Nb/Y 3a cpmuTe mpoOm.
Oxkeancko-octpoBHuTe 0azantu (OIB) ca mo Sun
(1980). C) Omarpama St/Nb vs. Cen/Yy 3a cbimre
npobu. Hopmanmsamusta e mo XoHapura Ha Sun,
McDonough (1989). Cpennara KOHTHHEHTaJIHA KOpa
(C.C.), N-MORB u OIB - kakto Ha ¢ur. 4A

St/Nb, Ti/Zr and P/Nb (Clague, Frey, 1982;
Weaver et al., 1987; Latin et al., 1990). Such
HFSE fractionation is considered to be a func-
tion of the amount of residual clinopyroxene
and garnet at low degrees of melting, as
distribution coefficients for Nb are lower than
the most of the other HFSE in mantle
clinopyroxenes and garnets (Greenough, 1988).
The finding of such negative correlations
should suggest that the observed relative
fractionation of these HFS-elements is a
function of degree of partial melting rather than
source-region  heterogeneity.  Inter-element
ratios involving only the HFSE are therefore
not reliable indicators of the composition of the
mantle source region for undersaturated



alkaline basalts (Hole, LeMasurier, 1994). The
negative correlations between Zr/Nb and Nb/Y
ratio are demonstrated in Fig. 4B as an
example. The field of the high Zr/Nb- and low
Nb/Y-basalts comprise the samples from
Livingston Island, Penguin Island, Greenwich
Island and Bridgeman Island and is located
between the N-MORB and the average conti-
nental crust. The second high Nb/Y- and low
Zr/Nb-field covers the samples from Alexander
Island, Seal Nunataks, Patagonia flood basalts
and the ocean island Ascension. A MORB-
source contaminated with continental crust
materials during the subduction process is
hence probable for the Bransfield alkaline
magmas and a specific OIB source, probably
mixed to some degree with crust materials does
not contradict to the derivation of the Antarctic
Peninsula, Patagonia and Ascension Island
basaltic magmas from enriched mantle. The
main reasons for the essential geochemical
differences between the both groups of alkaline
basalts should be the higher melting degree for
the first group, including the Livingston Island
samples and the lower melting degree of
melting for the second group, consisting of
within-plate basalts. Similar are the relation-
ships in the plots Ti/Nb vs. Nb/Y, Sr/Nb vs.
Nb/Y (not shown here).

The both groups of alkaline basalts are
distinguished perfectly on the plot Cen/Yn vs
St/Nb (Fig. 4C), where we used the ratio
Cen/Yn as an indicator for melting degree. Y
does not precisely behave like Yb, but acts
rather more like middle-REE. The Livingston
Island alkaline basalts fall in the group of the
high Sr/Nb ratios (>100) showing higher
degrees of melting together with the similar
basalts from the islands Penguin, Greenwich
and Bridgeman in contrast to the samples from
Alexander Island, Seal Nunataks, Patagonia
and Ascension Island, showing lower Sr/Nb
ratios (<30) and lower melting degrees.

Fractionation of the LILE and magma
sources

LIL-elements may also be fractionated signifi-
cantly during low degree of partial melting.
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Relative compatibility of K and the generation
of low K/LILE and K/HFSE are generally
considered to be the result of residual hydrous
phases in the source of these magmas (Hole,
LeMasurier, 1994). On plots involving an
index of degree of partial melting like Nb/Y vs.
K/Ba and K/Rb (e.g., Fig. 5A), all the analyzed
basalts from Inott Point Formation cover nearly
similar ranges in Nb/Y with samples from
Penguin Island and Greenwich Island, but
differ with the samples from Antarctic
Peninsula, Patagonia and Ascension Island.
The lower alkalinity of the Inott Point Fm.
basalts (lower ratios Nb/Y meaning also higher
melting degree) is combined on the plot with
one of the lowers ratios K/Ba (26-38, average
32) typical also for Penguin (27-32; average
30) and Greenwich islands (24-33, average
27.9). The basalts from Bridgeman Island
differ from the Livingston Island in the still
lower ratio Nb/Y (higher degree of melting)
and in the significantly higher ratios K/Ba (51-
59, average 55). Mixing and melting modeling
for the Bransfield Strait lavas using isotope
data (Keller et al., 1991) also suggest that the
on-axis lavas (Bridgman Island, Deception
Island and submarine volcanoes aligned on the
axis of rifting) are products of more melting
than the off-axis lavas (e.g., Penguin Island).
The variations in K/Ba ratios in the group
of samples from Antarctic Peninsula,
Ascension Island and Patagonia cover a broad
range of values, which are independent of
Nb/Y and therefore these are regional
variations unlikely to be simply an artifact of
degree of partial melting. The average K/Ba in
Antarctic Peninsula is 78 at range of 49-134
(Hole, LeMasurier, 1994). The average K/Ba in
Marie Byrd Land is 27 (range 14-40) and as it
is seen on the Fig. SA it is very close to the
average continental crust and average OIB
(Weaver et al., 1987). The K/Ba ratios of the
Patagonia and of Ascension Island alkaline
basalts are not very much unlike to the Marie
Byrd Land samples. These regional trace ele-
ment variations must be a result of generating
the basalts from different portions of their
source (Hart, 1988; Hickey et al., 1986) and/or
variable interaction with the continental litho-
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Fig. 5. Trace element variation diagrams for Living-
ston Island samples compared to samples from
Bransfield Strait area and to Antarctic Peninsula,

Marie Byrd Land (the field of Marie Byrd Land
(MBL) is from LeMasurier and Rex, 1991),
Ascension Island and Patagonia samples. A) K/Ba
vs. Nb/Y plot. Data sources and average MORB,
C.C. and OIB are as in Fig. 4. Upper continetal crust
(UC) - from Taylor and McLennan, 1981, lower
crust (LC) - from Weaver and Tarney (1984). B)
Ba/Nb vs. K/Nb plot. The average compositions
EMI, EMII and HIMU OIB are from Weaver (1991)
and Hole and LeMasurier (1994). The field for
MORB is from Hofmann et al. (1986) and from
Hofman and White (1983). Star, primordial mantle
of Weaver (1991). C) Rb vs. Ba/Nb plot. All data
sources and average reference points are as in Figs.
4 and 5. Field for MBL from Hole and LeMasurier
(1994)

@dur. 5. BapuanonHu auarpaMu 3a OTHOIICHUS Ha
CJIEMEHTHU-CJIEAM B MPOOU OT OCTPOB JIMBHHICTBH,
CpaBHEHH ¢ MpobH OT ocTpoBHTE OKOJIO [IpoToKa Ha
Bpencowuitng (Ilenaryun, I'puitnynd, bpumkmen) u ¢
mpoOu OT AHTAPKTHYECKHUS MOIyOCTPOB, 3eMATa Ha
Mepu bwpa (moneto e or LeMasurier, Rex, 1991),
octpoB Br3necenme u Bynkanckoro mone Ilamm-
Atike B Ilararonus. A) Jluarpama K/Ba vs. Nb/Y.
Nzroununure u cpeauure MORB, xoHTHHEHTaNIHA
kopa (C.C.) and OIB ca kakro Ha ¢ur. 4. ['opHara
kopa (UC) e or Taylor, McLennan (1981), nonnara
kopa (LC) - or Weaver, Tarney (1984). B)
Juarpama Ba/Nb vs. K/Nb. Cpennure chcraBu Ha
EMI, EMII and HIMU OIB ca ot Weaver, (1991) u
ot Hole, LeMasurier (1994). Ilonero nza MORB e ot
Hofmann et al. (1986) u or Hofman and White
(1983). M3navannara manTHs (3Be3za) e no Weaver
(1991). C) [Huarpama Rb vs. Ba/Nb. Bcuuku
CHMBOJIM U JINTEPATYPHU HM3TOYHMIM Ca KaKTO Ha
¢ur. 4u S

sphere as Hole and LeMasurier (1994) assumed
for the case of Marie Byrd Land and Antarctic
Peninsula. For the Bransfield back-arc rift the
role of the degree of partial melting in forming
this ratio seems more plausible. The positive
correlation between the ratios K/Rb and Nb/Y
found in the basalts from Bransfield back-arc
rift supports such a conclusion.

Asthenospheric heterogeneity

Similar arguments apply to variations K/Nb
and Ba/Nb throughout basalts from Bransfield
Strait region and from the Antarctic Peninsula
and Marie Byrd Land (Hole, LeMasurier,



1994) shown in Fig. 5B. Ratio plots of highly
incompatible elements minimize the effects of
inter-element fractionation, such that for ele-
ments with identical bulk distribution coeffi-
cients (D), ratios should not change during
partial melting or fractionation crystallization.
The first and most impressive feature of this
diagram is the clear separation of the samples
from Livingston Island and from Bransfield
Strait region and of the Antarctic Peninsula,
Patagonia and Ascension Island samples into
two clusters. The Inott Point Fm. basalts (as
well as the basalts from the islands in the
Bransfield Strait) have considerably higher
Ba/Nb, K/Nb, K/Rb, K/Zr, Th/Nb and Rb/Nb
than the Antarctic Peninsula basalts. Basalts
from the Marie Byrd Land, Patagonia and
Ascension Island show lower K/Nb and higher
Ba/Nb, but nearly the same K/Ba ratios (mostly
between 20 and 40) just as these ratios in
Bransfield Strait region are. The difference
between the Bransfield Strait and these regions
is in the fact that the former are close to the
average crust point (Taylor, McLennan, 1981),
and the last ones — to the HIMU and EMII OIB
fields (Weaver, 1991). The Antarctic Peninsula
samples form the continuation of the MORB
array to higher K/Nb, but similar K/Ba ratios,
whereas the MBL basalts overlap with the
array defined by plume-related OIBs. The
proximity of the cluster of samples from
Bransfield rift, confirms that a subduction-
influenced source was involved into the
composition of their magmas. The significant
differences in K/Nb and K/Ba ratios between
Marie Byrd Land and Antarctic Peninsula
require that they were derived from different
and isolated source regions. Hole et al. (1993)
support the hypothesis that Antarctic Peninsula
Quaternary basalts could simply represent
small degree melts of MORB-source astheno-
sphere and the data of MBL are consistent with
their derivation from plume source (Hofmann,
White, 1982; Storey et al., 1988). This is the
reason these data to fall close to OIBs source.
LeMasurier and Rex (1991) and Hole and
LeMasurier (1994) suggested also a mantle
plume source for MBL basalts. Looking on the
distribution of the data from Patagonia flood
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basalts and from Ascension Island, which we
used for comparison in Fig. 5B, the same
conclusions are possibly valid for them. Con-
versely, a lithospheric involvement in the ba-
salt genesis is a characteristic of the Bransfield
Strait basalts and a subarc source region conta-
mination might affected their mantle source.

In spite of the fact that the Antarctic
Peninsula region is characterized by unusually
low absolute abundances of Rb (12-30 ppm for
Alexander Island and 9-19 ppm for Seal
Nunataks, Hole et al., 1993) the alkaline basalts
of Livingston Island contain still lower abun-
dances of Rb — 8-12 ppm. These values come
into line with the abundances in the basalts
from the other back-arc rift islands in the
Bransfield Strait. For example, Penguin Island
basalts have 5-7 ppm Rb, Greenwich Island
ones — 3-7 and Bridgeman — 6-7. The absolute
Rb abundances are nearly two times higher in
Antarctic Peninsula, MBL basalts and the
Ascension and Patagonia alkali basalts (Fig. 5C
- Rb vs Ba/NDb) - features that are independent
of absolute and low abundances of K,O or
Si0,. The successive subduction of ridge crest-
trench collision episodes along the west margin
of the Antarctic Peninsula and a relatively
juvenile lithosphere (Barker, 1982; Larter,
Barker, 1991) should explain the depleted Rb
abundances.

Interactions with continental
lithosphere

The relative abundances of K, Rb and Ba in
Livingston Island basalts are compared in Fig.
6A to materials comprising subducted oceanic
crust, i.e., fresh and altered MORB, taken from
“Nasca” plate, constructed by Hickey-Vargas
et al.(1989) with the data of Thompson et al.
(1976), Staudigel et al. (1980).The pelagic
sediments (Hole et al., 1984; Morris, Hart,
1983; Stern and Ito, 1983), continental crust
(Taylor, Mc Lennan, 1981) and the enriched
oceanic mantle are inferred from Morris and
Hart (1983). The lavas from Livingston Island
have K/Rb ratios in the range 380-630 (the
average is 510), while the basalts from
Antarctic Peninsula have these ratios in the
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Fig. 6. Trace element variation diagrams for
Livingston Island samples compared to samples
from the islands within Bransfield Strait area
(Penguin, Greenwich, Bridgeman) and to samples
from Alexander Island, Seal Nunataks, Ascension
Island and Pali-Aike volcanic field, Patagonia. A)
K/Rb vs. Ba/Rb plot. Fresh and altered MORB,
pelagic sediments, OIB and continental -crust
(average crust, C.C. and average upper crust, UC)
are projected on the plot for comparison. MORB
field is taken from Hickey-Vargas et al. (1989) and
the field for pelagic sediments is constructed with
data from Hole et al. (1984), Morris, Hart (1983)
and Stern, Ito (1983). OIB field is constructed with
the averages of Morris, Hart (1983). The average
continental crust (C.C.) is from Weaver, Tarney
(1984) and the average of the upper crust (UC) is of
Taylor and McLennan (1981). B) Rb/Nb vs. K/Ba
plot. Fields for Antarctic Peninsula and Marie Byrd
Land are from Hole, LeMasurier (1994). The
samples for comparison in this study are outlined
with dashed line. MORB field is from Ito et al.
(1989). The average N-MORB, OIB, continental
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crust and the other sources and all other symbols are
as for Fig. 4

Our. 6. BapuanuoHHW OWarpaMu 3a EICMEHTH-
clieniu 3a mpoOu OT OcTpoB JINBUHTCTEH, CPAaBHEHH C
npodbu ot ocrpoBure Bcpen Ilporoka Ha
Bpencowuitnng (Ilenryun, I'puitnyny, bpumxMen) u ¢
npobu ot octpoB Asexcanabp, Hynaramure Cuitn,
octpoB Bb3Hecenue, Bynkanckoro nose [lanu-Aiike
B [lataronms. A) Jluarpama K/Rb vs. Ba/Rb.
Ceexure u mnpomeHenn MORB, mnenarmunure
CeMEHTH ¥ KOHTHHEHTAaIHaTa Kopa (CpexHa Kopa,
C.C. u cpenna ropHa kxopa, UC) ca mocraBeHu 3a
cpaBaerne. MORB monero e B3ero or Hickey-
Vargas et al. (1989), a momero 3a mnenaruvHUTe
CEeIIMEHTH € KOHCTpyupaHo ¢ nanHu ot Hole et al.
(1984), Morris, Hart (1983) and Stern, Ito (1983).
Ilonero OIB e KOHCTpyHUpaHO CBC CpeIHHUTE
3nauenust ot Morris, Hart (1983). Cpennara
KOHTUHEHTalHa Kopa e oT Weaver, Tarney (1984), a
cpennata ropHa xopa (UC) e ot Taylor, McLennan
(1981). B). Anarpama Rb/Nb vs. K/Ba. ITonerara 3a
AHTapKTHYECKHs TIOJIIyOCTpOB M 3eMsATa Ha Mepu
Bbwpx ca ot Hole, LeMasurier (1994). M3non3Banure
B TOBa Wu3cieIBaHe NpPOOM 3a CpaBHEHHE ca
oueptanu ¢ mpuxupana jguaus. [Tonrero MORB e ot
Ito et al. (1989). Cpennure Tnose N-MORB, OIB,
KOHTHHEHTaJHAa Kopa M JApYTHTe JHMTEPaTypHHU
M3TOYHHIN ¥ CHMBOJIH ca KaKToO Ha ¢ur. 4

range 500-1750 and the lavas from Marie Byrd
Land — 250-550 (Hole et al., 1993). The
samples from Inott Point Fm. fall in an area
where mixture of altered MORB and sediments
(i.e., subducted oceanic crust), continental crust
and OIB field (i.e., enriched oceanic mantle)
overlap. In this respect they are similar to
Ascension Island basalts and close to Patagonia
flood basalts, derived from an enriched mantle.
The possible contamination of the mantle
source by rich in Ba and Pb pelagic sediments
is well supported by the study of Keller et al.
(1991) confirming that the Pb-isotope signature
of the basalts is dominated by the subducted
sediments. A typical feature of the Penguin
Island, as well as of the Greenwich Island
basalts, is that they do not overlap with fresh or
altered MORB, pelagic sediment or OIB
mantle, nor do they form mixing trends be-
tween these end-members (Fig. 6A). Trends for
Penguin and Greenwich basalts are more
explicable by loss of Rb relative to K and Ba



from the subducted crust as a whole. The
variations in alkali elements during the
dehydratation of the subducted crust and the
preferential loss of Rb could control their high
K/RDb ratios and the correlation with Ba/Rb
(Tatsumi et al., 1986). The long history of
subduction and arc volcanism in the South
Shetland Islands provides ample opportunity
for migration of slab-derived fluids through the
mantle wedge, resulting in depletion of Rb in
the residual mantle. In order to explain these
features we appeal to heterogeneity in one of
the proposed sources of the magmas. Possibly,
fluids expelled from certain sections of the
oceanic subducting plate vary in their alkali
element abundances. These fluids generate
batches of magma that bear these geochemical
differences, in addition to variations that result
from the amount of fluid incorporated and the
extent of melting. In this case, pooling and
mixing beneath the large, long-lived volcanic
centers homogenize the variations in individual
magma batches. Based on the geochemical data
only we cannot differentiate between hetero-
geneity in the subcontinental lithosphere
mantle or of the slab-derived fluids as a source
for the unique features of the Penguin and
Greenwich basalts. A striking difference
between within-plate basalts in Bransfield
Strait, Ascension Island and Patagonia is the
location of Antarctic Peninsula basalts in this
Fig. 6A. The last ones form a field, entirely
within the MORB source of their magmas.

In terms of incompatible trace element
ratios the Livingston Island and Penguin
basalts exhibit some similarities with ocean-
island basalts sources OIB (Fig. 6B). Rb/Nb
ratios extend to higher values than for the
MORB and are close to the continental crust
values. The range of Rb/Nb in Inott Point Fm.
basalts is 2.7-4.0 (average 3.3) and it is a bit
higher than in the Penguin and Greenwich
islands altogether — 1.2-2.6 (average 1.6), but
clearly lower than in the Bridgeman Island on-
axis basalts — 11-14 (average 12). All the so-
called “Bransfield Strait” basalts form an
elongated common field, characterized with the
high Rb/Nb ratios like in the volcanic arcs
(average 33.1 - Morris, Hart, 1983). The close
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location to the average crust gives a hint to the
suggestion that Inott point samples and their
neighboring Bransfield occurrences have
sources of back-arc extensional settings
strongly influenced by the subduction process.
The two fields of samples with low Rb/Nb
ratios comprise from one side Marie Byrd Land
(Rb/Nb 0.2-0.9), Patagonia (Rb/Nb 0.3-0.7,
average 0.4) and Ascension Island basalts
(Rb/Nb 0.42-1.4), which are low K/Ba plume-
related enriched WPB and Antarctic Peninsula
high K/Ba basalts from the other side (Rb/Nb
0.3-1.2), explained as small-degree melts of the
asthenosphere in a slab-window setting (Hole,
LeMasurier, 1994). The first group of the low
Rb/Nb basalts is close to/or within the range of
the OIB field, but the second group of low
Rb/Nb basalts is close or within the MORB
source. Nearly the same geochemical differ-
ences are revealed in Fig. 7A (Rb/Nb wvs.
Ba/Nb) and in Fig. 7B (Ba/Th vs. Rb/Nb). In
the Rb/Nb vs. Ba/Nb plot of Fig. 7A EMI OIB
is distinct from HIMU OIB and partly from
EMII OIB. The field of high Rb/Nb and high
Ba/Nb ratios comprises all alkaline basalts
from Livingston Island, Penguin Island and
Greenwich Island and it is located between the
points for average crust materials and EMI OIB
source, as the field of alkaline basalts from
Antarctic Peninsula, Patagonia and Ascension
Island overlaps HIMU OIB, N-MORB,
Primordial Mantle and EMII OIB. EMI OIB
are effectively discriminated from HIMU OIB
in terms of the trace element ratios Ba/Th and
Rb/Nb in Fig. 7B. The enhanced LILE/HFSE
ratios in EMI OIB relative to HIMU OIB are
reflected by the lack of relative Nb enrichment
in the spidergrams for EMI OIB (Weaver,
1991) and in this respect there is a distant
similarity with this peculiarity in the
spidergrams of the Livingston Island basalts
(Fig. 3A). A combination between EMI OIB
and continental crust sources is plausible for
the alkaline basalts from the Bransfield Strait
area, but the Antarctic Peninsula basalts seems
to originated from HIMU OIB source without
significant crustal contamination. In addition
EMI OIB also display enrichment in Ba
relative to other L/L elements, leading to high
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from the islands within Bransfield Strait area
(Penguin, Greenwich, Bridgeman) and to samples
from Alexander Island, Seal Nunataks, Ascension
Island and Pali-Aike volcanic field, Patagonia. A)
Rb/Nb vs. Ba/Nb plot. B) Ba/Th vs. Rb/Nb plot. C)
Nb vs. Ce/Nb plot. Symbols, mantle source fields,
average crust and MORB points and data sources are
as for Fig. 4 and Fig. 5. Note the increase in Ce/Nb
with decreasing Nb, which is probably a function of
asthenosphere-lithosphere interaction

®ur. 7. BapuauvonHu guarpamMu 3a €JI€MEHTH-
cieqy 3a IpoOu oT ocTpoB JIMBHHICTHH, CPABHEHH C
npobu  OT  octpoBuTe Bcpex  IIpoToka  Ha
Bbpencowuitnng (Ilenryun, I'puitnynd, bpumxMen) u ¢
npobu ot octpoB Anekcanabp, Hynaramure Cuitn,
octpoB Bb3Hecenue, Bynkanckoro nose [lanu-Aiike
B [lataronus. A) [luarpama Rb/Nb vs. Ba/Nb. B)
Huarpama Ba/Th vs. Rb/Nb. C) [duarpama Nb vs.
Ce/Nb. CumBonuTe, IOJ€TaTa 3a MaHTHHHUTE
W3TOYHUIH, CPEAHUTE TOUKH 3a Kopata © MORB u
JUTEPaTYpPHUTE M3TOYHUIIM Ca KaKTO BBB Qur. 4 u
¢ur. 5. OrGenexere ysemmuaBanero Ha Ce/Nb ¢
HamaJsiBaHeTo Ha Nb, KOETO BEpOSTHO 3aBHCH OT
B3aMMOJICHCTBHETO ~ MEXIy acteHocdepara u
nmurocdepara

Ba/Th and Ba/Rb ratios and development of a
characteristic positive Ba anomaly on the
MORB-normalized spidergrams in the alkaline
basalts from Bransfield Strait area. The
separation of Bridgeman Island samples from
the field of the other islands within the
Bransfield Strait is probably due to crystal
fractionation effect.

The Inott Point basalts exhibit consider-
able broad range in Ba/Th ratios and form a
field overlapping partly with the composition
of EMI and EMII sources. Penguin and
Greenwich islands basalts are also close or
overlapping with the composition of EM-I. The
same is valid for Ascension Island and to the
certain degree for Patagonia. The Antarctic
Peninsula basalts delineate a field overlapping
with the composition of MORB in plots
involving K, Ba and Th, but have more
similarities to OIB on plots involving HFSE.
Therefore, the Antarctic Peninsula basalts can-
not easily be reconciled with a simple origin by
melting of MORB-source material, but they
would be consistent with derivation from a



HIMU-OIB type source. According to Hole et
al. (1993) they are similar to HIMU basalts in
their Sr and Nd-isotopes and like MORB in
their Pb-isotope and some incompatible trace
elements ratios.

Ba/Zr ratios in Inott Point alkali basalts
are as high as 1.4-2.2. Comparisons with the
other volcanic islands within the Bransfield
Strait area (data from Weaver et al., 1979)
show that this ratio cover nearly the same range
in Penguin Island (1.65-1.85), Greenwich
Island (1.9-3.5) and Bridgeman Island (1.0-
1.25). All these ratios fall within the range of
the orogenic basalts in Antarctic Peninsula (1.4
-2.2, Saunders et al., 1980) and they differ
essentially from the Ba/Zr ratio in the Antarctic
Peninsula alkaline basalts (0.4-1.2 - Hole et al.,
1993).

The study of the ratio K/Zr reveals similar
relationships, having the range 39-67 in
Livingston Island alkaline basalts. This ratio
differs from N-MORB value (9.4 - Saunders,
Tarney, 1984; Sun, 1980), but is close to
Lower Crust K/Zr ratio (41 - Weaver, Tarney,
1984) and a continental crust contamination
could be assumed for the source of the alkaline
basalts in Livingston Island and in the similar
basalts from the islands within the Bransfield
Strait.

The significance of the slab-derived
components

The inter-volcano differences are especially
evident in the ratios LILE/HFSE. We have
already traced the Rb/Nb (Fig. 6B, Fig. 7A, B)
ratios, which are high for Livingston Island
basalts and for the lavas in the volcanoes
within the Bransfield Strait and low for the
Antarctic Peninsula, Marie Byrd Land,
Patagonia and Ascension Island. The range of
Ba/Nb (Figs. 5B, C and 7A) in the Livingston
Island basalts is 42-67 (average 52). These
values are 33-74 for the Penguin Island, 36-58
for the Greenwich Island and 70-86 for the
Bridgeman Island. Antarctic Peninsula samples
have the range 2.5-9.0 (Hole et al., 1993) and
MBL — 6-18 (Hole, LeMasurier, 1994). Nearly
similar is the range of Ba/Nb in Patagonia and
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in Ascension Island (6-9). The high Ba/Nb
ratios are due mainly of the low absolute abun-
dances of Nb. The absolute Ba abundances in
the Inott Point Fm. basalts are in the range 85-
200 ppm (average 156 ppm). In this respect
only the basalts of Alexander Island (113-320
ppm) and of Seal Nunataks (66-141 ppm) have
similar absolute Ba abundances. All other
basalts from the islands within Bransfield Strait
cover rather broad range of their absolute Ba
abundances, but nevertheless their Ba/Nb ratios
are high.

The K/Nb (Fig. 5B) and the Ce/Nb (over
2.5 in back-arc occurrences and less than 1.5 in
the asthenosphere-enriched mantle sources)
ratios reveal similar peculiarities — high ratios
in all samples from the Bransfield Strait volca-
noes and low ratios in OIB mantle sources of
Antarctic Peninsula, Patagonia and Ascension
Island samples.

A plot of Nb vs. Ce/Nb (Fig. 7C) shows
that basalts from Bransfield Strait volcanoes
exhibit increasing Ce/NDb ratios with decreasing
Nb abundances. In contrast, the majority of
samples of alkali basalts from West Antarctica
and from Patagonia and Ascension Island have
Ce/Nb either within the range of/or slightly
lower than OIB. These low LILE/HFSE ratios,
coupled with markedly unradiogenic Sr-, but
radiogenic Nd-isotope ratios for all analyzed
samples from West Antarctica (Hole,
LeMasurier, 1994) suggest that only extremely
minor interaction with the continental litho-
sphere can have occurred in this region. There-
fore, all the analysed basalts from Bransfield
Strait region, including the Livingston Island
ones, must predominantly contain a significant
contribution from a subduction-enriched
mantle.

Geodynamic setting

A display of alkaline basalt compositions from
Livingston Island (Fig. 8A) on Ti/100 — Zr -
3*Y discrimination plot (Pearce, Cann, 1973)
classifies almost all samples as within-plate
basalts (OIB and CFB) and a small part of
them as calc-alkaline basalts. The Ti — Zr - Y
HFSE relationships do not distinguish Living-
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@ur. 8. JIMCKpUMHUHAHTHY AMAarpaMu 3a MpoOH OT ocTpoB JIMBHHICTHH, CPAaBHEHH C IPOOM OT OCTPOBHUTE B
IIpotoka Bpencownitng (Ilearyun, ['puitnynya u bpumkMen) u ¢ mpodu oT ocTpoB AnekcaHnbp, HyHaramure
Cuiin, octpoB Bw3necenue u BynkaHckoto none [lamu-Aiike B [Tararonus (A-D). A) duarpama Zr-Ti/100-
3*Y (Pearce, Cann, 1973). B) [dmarpama Zr/4-Nb*2-Y (Meshede, 1986). C) Huarpama MnO*10-TiO,-
P,0s*10 (Mullen, 1983). D) Huarpama Th-Zr/117-Nb/16 (Wood, 1980). CumBonute n JuTepaTypHUTE
M3TOYHHIIH Ca KaKTO BbB (ur. 4

ston samples neither from the basalts for al., 1990) proved to be continental flood basalts
comparison from the islands Greenwich, (CFB) fall in this common field. The applied
Penguin and Bridgeman (Weaver et al., 1979; Nb*2 — Zr/4 — Y discrimination plot (Meshede,
Saunders, Tarney, 1979), nor from the alkaline  1986) differ the samples from Livingston
basalts from Antarctic Peninsula (Smellie et al., Island from the ones from Alexander Island,
1988; Hole et al., 1993) and from Ascension Seal Nunataks, Ascension Island and Pali-Aike
Island (Weaver et al.,, 1987), thought to be volcanic field in Patagonia (Fig. 8B). The
typical OIB. Even the alkaline basalts from Livingston Island samples are mainly in the
Patagonia (volcanic field Pali-Aike, Stern et field C (VAB) and partly - in D (N-MORB).
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The samples from Penguin Island occupy
mainly the fields Al and AIl (WPA) and partly
— C (VAB). Greenwich Island samples are
placed in the field C (VAB) and only one
sample occupies the field D (N-MORB).
Bridgeman Island samples fall close to and in
the field C (VAB). In contrast, all the samples
from Patagonia CFB, Ascension OIB,
Alexander Island and Seal Nunataks plot in the
within-plate alkali volcanic rocks. The result of
applied discrimination using the minor oxides
TiO,, MnO and P,0Os (Mullen, 1983) refer all
samples from the islands Livingston, Penguin,
Greenwich and Bridgeman in the delineation of
the island-arc tholeiites (IAT). The same plot
(Fig. 8C) classifies the samples from
Alexander Island, Seal Nunataks, Patagonia
and Ascension Island as ocean-island alkali
rocks (OIA). The only one fully satisfactory
discrimination for the case is the Th - Zr/117 -
Nb/16 plot (Fig. 8D) of Wood (1980). Note
that in the Fig. 8D high Th contents of the
alkaline basalts exposed in and around
Bransfield Strait causes them to plot in the arc
field, despite some of their above-stated
MORB-like HFSE characteristics (Saunders et
al., 1988). Different place occupy the samples
from Antarctic Peninsula. They fall mainly in
the field of E-MORB/OIB) and partly in the
field C of the alkaline within-plate rocks
(WPA), while the samples from Patagonia and
Ascension Island are placed entirely in the last
field.

The mildly alkaline basalts in Livingston
Island show rather high Th/Nb ratios (0.25-
0.90) comparable also to Th/Nb in the other
islands within the Bransfield Strait (Weaver,
1979), but not to the Antarctic Peninsula alkali
basalts (0.06-0.15 - Hole et al., 1993), Patago-
nia ones (0.04-0.08 - Stern et al.,, 1990),
Ascension Island ones (0.070-0.08 - Weaver et
al., 1987). Th is commonly considered as a
reliable indicator of igneous LILE character-
istics. The high Th/Nb values (Fig. 9A, B),
shown also by some of the positive Th spikes
in the MORB-normalized plots (Fig. 3),
indicate that LILEs are enriched over REEs and
HFSEs. This is valid for samples from Living-
ston Island, Penguin, Bridgeman and Green-
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wich islands having trace element signatures
(high Th/Nb as in Fig. 8C) that are almost
identical to those forming in modern intra-
oceanic arcs (Stern et al., 1995a). Following
current practices of subdividing modern ocean-
floor basalts using the ratios of the immobile
trace elements (Le Roex, 1987) the basalts in
Bransfield Strait area with high Th/Nb are
thought to be derived, in part, from metasoma-
tized arc mantle similar to that which produced
the arc basalts (Stern et al., 1995b). The
interactions with continental lithosphere are
evident in Fig. 9 where the samples lie between
the average continental crust and N-MORB.
The alkaline basalts from Antarctic Peninsula
occupy the transitional field between arc-
derived and non-arc ones, the Seal Nunataks
samples being closer to the arc settings. As far
as Patagonia and Ascension Island basalts are
concerned, they resemble modern transitional
and plume MORBs (Stern et al., 1995b) with
slightly enriched Nb/Y ratio, lower Zr/Nb and
lower Th/Nb (Fig. 9). The last alkaline basalts
fall in E-MORB and OIBs delineations in the
Fig. 9. The revealed geochemical peculiarities
are similar to those of many intra-oceanic
back-arc basin settings (e.g., Tarney et al.,
1981; Sinton, Fryer, 1987; Saunders, Tarney,
1979, 1984, 1991) like the modern-day
Mariana Trough or Lau Basin. A wide range of
rock types have erupted in these basins,
including N-MORBs, MORBs with arc
signature (i.e., BABBs), OIBs and also arc
tholeiites (Hawkins, Melhior, 1985; Sinton,
Fryer, 1987; Price et al., 1990; Faloon et al.,
1992; Ewart et al., 1994; Pearce et al., 1994).

The results from the application of some
discrimination plots reveal that they are
equivocal. The source of the alkali magmas in
the islands in Bransfield Strait area was
probably complex and transitional. VAB
mainly, but also WPB and even a little N-
MORB characteristics appear out of the
geochemistry of the basalts.

Generation of high LILE/HFSE in the
subcontinental mantle is a consequence of sub-
duction-related magmatism (Hole, LeMasurier,
1994), and it is recognized that such process is
extremely important in determining the geo-
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chemical (isotopic as well) evolution of this
subcontinental mantle source (Kay, 1980;
1984). Usually the interaction between asthe-
nosphere-derived magmas and lithosphere that
has been geochemically modified by subduc-
tion processes should be a quick event and the
modification of the trace element ratios by the
same process should be effected easily. Stern et
al. (1990) noted that the apparent lack of an
“old” lithospheric isotope signature in flood
basalts of Patagonia, which were erupted
through lithosphere similar in age to that of
West Antarctica, is simply because the
asthenosphere and the lowermost lithosphere
were isochemical.

The main inference out of the above-
stated considerations is that the observed
geochemical  differences  between  the
Quaternary basaltic rocks of the Antarctic
Peninsula and of the Bransfield Strait region
must be due to tapping of geochemically
distinct domains within the asthenosphere and
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the stronger lithospheric contamination of the
source of the last region basalts, comprising the
Inott Point Fm. in Livingston Island. The
geochemistry of the volcanoes of Bransfield
Strait area displays several unusual features,
some of which are indicative of island arc
magmatism and others, which are more typical
of ocean floor basalts. The nearly identical
radio-isotopic ages of the basalts outcropped
within the area and close to Bransfield Strait
area (Keller et al.,, 1991), the dual characte-
ristics of MORB-like major element geo-
chemistry and the arc-element signature (e.g.,
lower TiO, and higher Th/Nb ratios: Fig. 4A,
Fig. 9) and the characteristics of basalts in
modern intra-oceanic back-arc basins (Tarney
et al., 1981; Sinton, Fryer, 1987) are suggestive
that these alkaline basalts bear most of their arc
trace-element features, because they are
adjacent to the South Shetland magmatic arc, in
spite of the extensional setting in the back-arc
rift of Bransfield Strait.



Conclusions

1. On the basis of new-described exposures
and new chemical analyses the petrographic
diversity of the Quaternary basalts from
Livingston Island was defined more accurately.
Olivine basalts and hawaiites are the main
rocks. Compositional variations in the main
rock-forming minerals are published for the
first time.

2. The alkaline basalts of Livingston Island
have trace-element characteristics that are
comparable with the basalts from the islands
within of the Bransfield Strait back-arc rift and
they differ clearly from most other West
Antarctic basalts. The rocks exhibit high
LILE/HFSE ratios (e.g. Ba/Zr 1.4-2.2; Ba/Nb
42-67, Rb/Nb 2.7-4; Ce/Nb 2.5-10; Th/Nb
0.25-0.90, K/Zr 39-67, etc.) in contrast to the
low LILE/HFSE ratios in Antarctic Peninsula
and in Marie Byrd Land alkaline basalts.

3. Trace element characteristics indicate that
all within/or around Bransfield Strait basalts,
including the ones from Livingston Island,
have low absolute abundances of the HFSE (Ti,
Y, Nb, Zr, P etc.). The fractionation of the
HFSE in these rocks is mainly a function of
partial melting degree, which is higher than in
the alkaline basalts in Antarctic Peninsula and
Marie Byrd Land provinces. Relatively high
Zr/Nb (19-43) and Sr/Nb (>100) ratios are
typical for the Livingston Island alkaline
basalts and the basalts from the neighbouring
islands in Bransfield Strait area. The low Nb/Y
ratios are explained by the higher degrees of
melting.

4. The LILE variations in the alkali basalts
from Livingston Island (e.g., K/Ba 26-38 and
K/Rb 380-630) cover nearly the same ranges as
in the other volcanic islands within the
Bransfield Strait area. These LILE variations
differ greatly from the absolute and relative
LILE abundances in the Antarctic Peninsula
and Marie Byrd Land alkaline provinces. We
conclude that the regional trace element
variations observed in the basalts from
Livingston Island and on the other islands
within the Bransfield Strait area are a result of
their generation from different portions of the
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asthenosphere and mainly of the variable inter-
action with the continental lithosphere. The
lithospheric involvement in alkaline basalt
genesis is a characteristic of the Bransfield
Strait basalts and a subarc source region
contamination might have affected their mantle
source. The LIL trace element ratio differences
between Marie Byrd Land and Antarctic
Peninsula require that they were derived from
different and isolated source regions. The
Antarctic Peninsula samples, occupying the
fields close to OIBs sources on the most plots
could simply represent a low degree melts of
shallow convecting MORB-source or HIMU
OIB asthenosphere beneath the Peninsula
(Hole et al., 1993), as the data from MBL are
consistent with their derivation from the
plume-related source (LeMasurier, Rex, 1991;
Hole, LeMasurier, 1994).

5. Alkaline basalts from Patagonia flood
basalts and from Ascension Island, which we
used for comparison in some of the plots, are
quite similar to those in Marie Byrd Land in
their trace element characteristics and the
conclusion for a plume OIB source is valid for
them.

6. The wunique tectono-magmatic regime,
which developed within the Bransfield Strait
rift, bears a strange combination of subduction-
related volcanic arc characteristics and exten-
sional within-plate setting. The melts of the
altered MORB, contaminated with continental
crust materials recycled into the upper mantle
were obviously responsible for the geochemi-
cal peculiarities of the alkaline basalts, not only
in the Livingston Island, but also occurring in
the adjacent volcanic islands Penguin, Green-
wich and Bridgeman.

7. The West Antarctic alkaline basalts can be
subdivided not into two provinces, as Hole et
al. (1993) proposed, but into three, based on
the absolute and relative abundances of the
trace elements: (1) Bransfield Strait province
with alkaline basalts, bearing traces of
lithospheric contamination and subduction-
related magmatism; (2) Antarctic Peninsula
province with alkaline basalts derived from
MORB-source asthenosphere in slab-window
setting and (3) Marie Byrd Land alkaline



basalts related to a deep-seated mantle plume
(Hole, LeMasurier, 1994). The study of the iso-
tope variations in the new-defined Bransfield
alkaline basalt province would confirm better
such division.
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