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The Scuth Shetland I;lands form an ensialic islend arc with 2 voleanic
history extending buc? at least 140 Ma. The island block separated from £he
Antarctic Feninsula during the last 4 Ma or so with the opening of Dransfield
Strait, an incipient marﬁinal-hasin now 65 km wide.

Fesozeic velcanism in the 8. Shetlsnd Is. woz dominated by the eruption
of low-K cale-alknline basaita.ahd besaltlic andesites. In the Zntarctic
Peninsula eale-nlkaline lgneous rocks yield ages up to about 180 Xa and were
related to subduction of Pacific Qcean lithosphere along the wosw side eof the
Peninaula. Mesozoic volcanicé varyr from dominantly basaltic on ihe west ulde
of the Peninsula lo dominantly rhyelitic on the cast. Tne teeblonic setting
gnd the chemistry of the eazst coast silicic voleanies is similar to that of
the extensive Tobifera silieie volesnics of southtrmmusi Gouth lmerica,

In tne Tertiaxy, subduction and relefed mogratism provably ceascd
progressively from south to north alecng the fntaretic Peninsuln an seclions
of.spreading ridge arrived at the continental margin, and es the Pacific and
intaretic Flates became coupled. Spreading in west Irake Faszsnoe erd
sutduction oppeosite the 3. Shetlard Islands continued throuptoutl the Tertiary.
Farly Tertiery volcanics Are initeimediate in ¢l aricler between island-arc
itheleiite and ;alc—alkaline types. Howevur,'Plfn;Pleistocene volecanism on
the 5, Shetland Islands had an incompatible-elerment enriched, mare distinctly
eale-aikaline nature, and may'have heralded the opening of Brensfield Strait.

Bransfield Strait avpeara to have cpened as snreading in weost preake
Pagsage and subduction 2t the 5, Shelland trench ceased.  The Tueternary
voleenoes of Doception and Bridgeman zre situated on the axis of back-arc
spreading, and thgir iavas have geochemical characteristics inlermediate
be tween galc—alkuiine and ocean-Tlooar type, consislent with ensinlic morpingl

basin developpent.
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INTHOZUCTION
Tne Aniarctie Peninsula is a long, narrow sliver of gontinental grust

Pueific to the west and the Weddell Sea 4o

bordered by oceanic crus{ of the Ia
the east, There are many geological similarities between the sntarctic
Feninsula and the fndean cordillera of southernmosi fhile. Indeed, the abrupt
terminetion of struetural and geological features at Cape liorn and at the
rerthern end of the Feninsula suggests that these iwo areas were in some way
continuous 2uring the early Mesazoie (Havker and Griffiths, 19723 Dalziel énd
Flliot, 1973; Barker and Griffiths, 19??). The delpils of this relzifionship
are stil not well kxnown. In parctienlar, evidence of early plaie motions is
lﬁrgelyldﬁpﬁndent upon interpretatlon of the sedimertary, lgneous and tecicnic
records.

The aim of this paper is to monitor the geochemicel paticrn of volcanism
in ine Poninsula, boib in space and time, in relation to the progressively
changing plate-tectonic regime following the break-uy of Gondwanalend.
Comparisons will also be made with southernmost South Amorics. There was
widespread cale-alkaline fgneous activiiy in beth areas during the Mesozoic;
tris continued ints 4ke late Tertiary in the northern part of the Aniarcilic
Peninsula with the last wvestiges ocourring on the South Shetland Islands,

Tre mageatic record of auhduction along the west coast of fthe fntarctic
Yuninsulas exiends at least as Tav back as the lower Jurassic (Hex, 1576).
Fagmailsn persisted uniil mid-Tertiary times when subdiuction ceased along
cosl af the Peninsula as the Pacifie and Antarciic platies became coupled

(3

wos and Ewing, 19707 Eerrven and Tucholke, 1976},

The ifdentification of magnetic anomalies in the south—east Tecific,
soith-wesi of lhe Hero Fraciure Zons {Figure 1) inéicales that ocgan cruet
was being generated in Lhis area from the late Cretaceous {Herron and
myeholke, 1976}, Since the Palaeocene there aprears to have been a progressive

rorihersiward consuaption of the spreading svctions (dluk Ridge) and

concorl tany cessation of subducticn aleng the western rergin of the Antarctic

Peninsula,
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Tre formation of ihe Scotia Sea is considered tn be an esseniially Tertiory
event {Barker and Griffiths, 197¢; Barker and Burrell, 1977}, accomplished by
apreading in east Drake Pascage from about 30 Xa. Late Tertiary lineations
west of the Bhackleton Fraciure zone parallel the iine of tthUuth Shetland
Islonds, Qrly extremely slow cpreading has been irking place since about
4 Fz {Barker, 1976) and the South Shetland trench (Figure 1} has becope
portially buried.

e isleands of the South Shoiland group (Figure 2} constitute an ensialic

crustal block separated from the tip of the Antarctic Peninsula by DBransf{ield

THSERT FICURE 1 ARQUT HERE

Sirait and lying at the wesiern exiremity of the south Geolia Ridge. Hransfield

Strait is anesymmetric grabven~-like siructure of c¢xtensicmal oripcin {Asheroft,

1672; Barker, 1976). The vrecisv age of opening has yet te te
wie formation of ihe Dasin appear: to be conusally related te *he geologically
recent subduction at ihe South Shetlands trench snd may s1ill de in progress.
The Heeceni wolcances of Zeception and Bridgeman Islands lie astride the axial
megnetic anemaly along the line of Bransfield irough (Barker, 197%). Fonguin
Izland lies at the north-vwesiern feulted-bournde? margin of B:uhsficld Strait.
Recent voleanic activity has alsc cecurred in the viciniiy cof James foss Island
and Seal Nunataks, off the east coasl of the Perinsula (Figure 1),
Yoleanie rocks from four main zress have been studied,
M ¥egozoie succession of ihe Danco feoant on the west coast of the Aniaretic
Feninsula.

Yesozoic succession of ihe Osscar II, Foyn and Howman Coasts on the ecast

coast of the Antarctic Penins .
& lesozoic voleanic rocks of the Tobifera Series of the Islas de los Estedos,
Tierra del Puzgo.

4. Megozoie-Uuinozoiz successions of the South Skhetland Islands, Mransfield

Strait and the Jemes Ross Island Yeleanic Croup.



ENS0201C VOLCANIC ROCKS OF THE ANTARCTIC PERINSULA

Cale-alkaline voleanies referred by B.A.S,.gnologists to the 'Upper
Jurzssie Yolcanic Group' have a widespread occurrence on both ihe west.nnd
east voasts of the Antarciic Pesinsula (rdie, 1972}. The volcenies comprise
a basalt-andesite-rhyolite suiile and have usually near-horizontal dispositions,
the maxieum recorded thickness of about 3000 m being on the ¢ast const of
Graham Land.

£t Hope Bay, on Trinit& Peninsulz, & sequence of rhyolites lies confor-
rably above, and is interbedded with, sediments of Middle Jursasic age
{rcie, 1962; Bidbhy, 1966}. Andesitic pyroclastic rocks occur in Aptian
sedimeﬁts on Alexander Islend {Horne, 1968), TRex (1966) reports K/ir ages
on rocks from the 'ﬁpper Jurassic Volcanic Group® in lhe range 186-86 Ma
but of course young apparent apes may represeni lhermal resetting by 'And?an'
intrusiohs. Lges in the range 140-90 Ma m2y be confidently infexred for the
voleanic succession of Byers Peninsula, Livingston Island. The term "Upper
Jurassic Volecanic Group' seems therefore to be no longex 3ﬁstified and we
prefev.the informal description 'Mesozeic volcanics',

Sampies used in this siudy from the Danco Coast {Figure 1)} have been

deseribed by West {(1974); those from the Oscar II, Foyn and Dowman Coasts

(Figure 1} were described by Floet (1968), Mersh (1968} and Stubbs {1968},
TOBIFERA SERIES OF ISLAS DE 10S ESTADOS

In the Middle-Upper Jurassic, vaét extrusions of dacite-xhyolite lavas
and pyroclastic rocks occcurred over much of southern Snouth America giving
rise to a lithostratigraphic unit of widespresd contibuity (Ludwig et al 1968)
whleh extends from the Patagonian massif{ 4o Tivrra del Fuego and from the
These volceniec rocks

vestern Cordillera to the eastern continental shelf.

are know as the 'Serie Tobifera' and include silicie tulfs, ignimbrites,

lavas and zssociated gitartz-feldspar~porphyry flows and intrusives.

Al the zouthern margin of South Awerica the siliciec voalcanics are sbruptly
terminated hy the north Scotia Ridge. On Islas de los Bstades, east of Tierra
del ?uago {(Fig. 1) a thicksequence of sjlicic volcanics is interbedded with
shallow marine sediments (Dalziel ¢t al, 1974}. The structure of Islas de
log Estados is representntive of a considerable length of 1he High Cordillera
af Tierra del Puego (Balziél et al, 1974) but the Pacific side of the Cordilicrn
is abrent south of the igiand, presu@ably havirg been itranslated along the
north Scotia Ridge.

Although lithological variations within the Serie Toﬁifera are not well
known, the voleanics appear to become progressively less ﬁilicic from east to
west (I.4.I. Dalziel, pers.comm,}, a situation analagous io that in the

Antarctic Peninsula.
SQUTH SHETLAND ISLANDS

The islards aire composed larvgely of Mesozoic-Cainozoic ignecus racks but
have had an earlier pgeological history similar to that of Lhc fntarctic Peninsula
(Adie, 1964}, Tne det=iled siratigraphy of the voleani¢ successions of the
South Shetland Islands is to be found in Hawkes 196las 1961b; Barton, 1965;
Hobbs, 1968 and Baker and others, 1975.

Four groups of volcanic rocks on.ihe Soutﬁ Shetland Islands have been
studied (Figure 2}.

1. HMusozolc basalt-rhyeolite suite of Byers Peninsula, Livingston Island.
2. Lowér Tertiary basalts of Fildea Péninsula, Eing Ceorge Island.
3. Plio-Pleistocene basalis and andesites of the south coust of King

Gearge Islend.

4. Recent volcanic rocks of Decepticn, Sridgewan and Penguin Islands.

In addition five samples have.been obtained from Sgal Nunataks as

representatives of the James Ross Island Velcanic Group.

INSERT FIGURE 2 ABOUT MERE




Byers Peninsula, Livingston Island

The geology of Byers Peninsula is described by Valenzuela and Hervé (19?2)
‘and by Pankhurst and others (in press), Narine shales and sandstones containing
a Tithonian-Valanginian feuna {Covacevich, leG} are confurmably overlain by
a non-marine seguence of dominantly arenncecus deposits. Basalis, andosites
and thyolites are Interbedded with the sediments which are cut by numerous
rluga, sills And dykes. K/Ar ape determingtions indicate that the intrusive -
end extrusive rocks from the non-parine sequence have ages in the range 125-00
Mz {Pankhurst and others, in press).

Zeolitised flows interbedded wi£h the underlying foasiliferous marine
sedirents are unanitablz {or dating but an age-range of 2hout 140-90 ka

tU. Jurassic - U. Cretacecus) may be inferred for the totzl succession.

Tijdes Feninsula, King George Island

Thie area is composed of basalt and andesite levas wiih subordinete
tuffaceous sediments. The volcanic pile i cut by numerous dykes and several
large dolerite plugs. Recently obtained X/Ar ages suggest that the whole of
the Peninsule is Tertiaty in age; most lavas have yiglded dates in the range
60-56 Na and intruszives, 50-46 Ma.

Flio-Fleistecene lavas of southern King Ceorge Islend

Basaltic ard endesitle lavas from four small areas on the southefﬂ margin
of King George Island are considered here. Those at Lion's Rump {Figure 2)
are probably the oldest of the group, immediately underlying the Tecten
Gonglomerate of Pliccene age (. Thomszon, pers. comm, ). Levas and pyroclastie
. debris are banked ageinst older, presumably Tertiery,voleanics at Clnder Spur,
Kurtin's Head and Turret Point {(Figure 2), 'The presence of rendily recog-
nizable voleanie vents and the unconsolidated ﬁature of the associated tephra
sigeest that these deposits can be no more than a few million years old. 3p

each case the Flio-Fleistocene volcanies appear to ranvesent remnants of lhe

VELYER

{lanks of volcanoces which lay %o the south of the present ouicrop and have becon

downfaulied into what is now Bransfielé Strait.

Deception Tsiand

The island is an active, composite stratoveleano about 14 km in diameter
and possesses a caldera, 10 %m.inlﬁiameter. Its geology has heen described
oy Hawkes (1961b)}, Gonzalez—Ferran and Katsui (19?0) and by Baker and others
{1975). The deposits may be zseribed to pre- and post-caldera events.
Pyroclastic rocks predominate, lavas accounting for only 10-2¢ of the exposed
portion ef the voleano. DPre~caldera lavas are predohinantly basaltic and there
has been a general trend towards more evalved dacitic compositions wilh time
although basaliic mapma appears to have been available throughout the history

of the volcano.

Bridgeman Island

Oeoupying an area of less than 1 kmz, Bridgeman Island is a rewnani of n
much larger voleanic ediface. The morphology and state of degradation sucgest
an age similar to the older post-caldera deposits of Deception Islaﬁd. Conzalez-
Ferran and Koatsui (19?0) nave described an upper series of braaliic andesites

mantling older basalis, bosaltie endesites and pyroclastic rocks.

Ponguin Island

'Penguin Island is situated about 1 km off the south coast of King Ceorge
Island (Figure 2), It is dominated by the regular unsroded slopes of a basalt

seoria cone buili-up on & platform of olivine-basalt lavas (Gonwalez-Ferran and
1

_ Katsui, 1970},

JAMES ROSS ISLAND VOLCANIC GROUP

#lkali clivine-basalts and hawaiitea cccur on end around James Hoss Island

{Melson, 1575) and &t Seal Hunataks in the Larsen Ice Shelf. K/Ar dates reporied
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by Eex(lS?G} indicate apes for lavas in tlhe viéinity af James Rocs Tsland in

the range 6-1 Ma wheveas those from Seal Kunalaks are <1 Ma old. ' Saiples from

Seal Nunataks used in this study have been described by Fleet {1968).

GEQCHREMISTRY IR

This review of the geochemical chaxacieristies of Antavetic fcnxgsula
L]

. - PR .
voleanism is based on B sample population of about 500 specimons analysed

between 1974 and 1977 usirg standerd X~ray fluovescence procedubes

supmarised in Saunders and others, this Volumu). Fepresentative enalyses

of liesozoic and Cainozoic voleanic rucks are given in Tables 1 and 2.7 The

folleving classification based on SiO2 content has oecn Rt ed. £ 53, basalt

~56%, busaltic andesite; H6-68, andesite; C?—BBA, dacile; 6E-T7%%,

rhyodacite and » 7&), rhyolite.

L]
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Jicspzole Wolemnie Rocks

Tre observation of Adie {1972) that andesites are volumeirically deminant

on the iést Coast of ihe Peninsula and rhyoliies on the Eost fonst is

confirmed, and amplified. Figure % shows the relative atundance of rock types,

tesed on silica mode, from threé different arcas arranged in order from west

to east. The I& soeolc volcanicr of Byevr Peninsula on the 3, Shetland Isignds,

ly;nr closest to the trench, ayve donnnated by basalts although nore silicic

‘-yoloanics are also prgsent. me Deanca Const voleanics on the wes te'n side

: P : . tipe egend
of the main Peninsula Have a nuch higher proportion of bndes!?gu and dacites,

Qhercas those fron the East Cozst of the Pénjinsula are dominated by rhyolites

and dacites, Also included in Figure 3 are saicples of Toblfera volcanics

frow Islaz de los Estados; these appear to provide a continuation of this

irend ané are made up almest entirely of dacites and rhyolites.
i oyt

Fnalysed of Mesozole volcanics from the four areas are presented in Tab;c_l.

They have delinite cale-—alkaline characteristiics. The worve mafic layas are

plagioclase~phyric high-alunina tholeiites and the suite shows only moderate

SALorea,

vt Amat fn @ D

&rea

I
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Significant differences between Hant Coasi and West foust volcanic

Figure 43, To simplify

suiies ave also apparent from the Or-Ab-An diagraem (

wi

relationships the samples have been divided into Fast Coast and ¥West Joast

groups, irrespuctive of apge, with the Scuth Shetland lavas being included

in the Iatter proup, It is elear that compositionally cquivalent rock iypes

are’ distihcily more sodic on ihe Yesl Coast. Several high—KQC voleanics

oceur anong ihe Ezel Coast samples, bhui appear to have no recorded counter-

the 2smocinted pluteonic suites {Saunders and others, this velume).

rartg in

In cany voleanic suites ‘here is a well-marked pcsiiivé'borrelation

between KEO and 8102. Thnere iz alse a correlation belween the Y G gentents

of voleanic rocks of eguivalent comnosition and the depth to the Fehioff-

zcne_(Dickinson and Ho although this varies in diflerent 15;ard

therton, :G67)

arc and continentel wargin voloinic snites (Neilson and Stoliber, 1973

Dickinson, 197%). As yoi there is no accerted explanatibn for the K20~h

relationship (Cowthorn, 1977}, although ihe zone-refining/scavenging hypethecis

lawoible. In <he invtarctiic Peningule Mesgzoic

(Beat, 1975) seems to us most p

voleanics,rather scaiicred trends emerge on the I{EO—SiO2 giagram (Flpure 5).

Kevertheless mean KEU values at 57,9 SiO2 vary zeross ihe Feninsula as

follows: Byers Peninsula 0.8, Danco Coast 1.5, Easi Ceast 1.8, The

equivalent value for the Tobifera voleenics of Islas de los Estados is 2.45%

KEC' These values rre conaisient with increasing depths to the Bendoff zond

golnpg from west to east acress the Peninsula, and confirm that subductien was

from the Pacifie side of the Feninsvla duving the Mesozoic.

Cainczoig Voleanic Focks

Calnoroic voleanlan i restricied mainly to the nerthern ond of the

Feninoula, particularly the Scuth Shetland Islands. Tae Tertidry lavas of

FildcslPen,rsula, mu.nl) plagioclase-phyric olivine-tholed 1tez,-hnve laow K20
and reiatively high Na?O/REO ratios {Table 2) and may be regarded as members
of a low-¥ high-aiumina cale-alksline suite (Terneyand 0thers,1§77j. The Pliog--

Pleistocene Ywasali-andesite lavas of kKing George Island however have higher
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X,0 levels and lower NaEG/KEO ratios {Table 2 and Figure 6} and have moro
normal ealc-alkaline characteriatics.

The Recent voleanics In the area show a return to low-K characteristics.
Ieception Island olivine and quariz-tholeiites and thalr more silicepus
differentiates haye low K20 contents (Fig. 5) snd display = m?rked linear irend
of points neoar the Ab apex in the Or-Ab-An diagram (Fig. 4). The very high
EaEO/KEO ratios of Deception hasalis {Tadble 2) are maiched only by basalts
from gceanie spreading centres, and as can be seen {rom Figu:ﬁ%fl mnooth curve
could .be drawn from ocean~floow bazelts ihrough the whele seguence of Tecaption
differentiales. Although the Decepiion suilte is distinetive In showing marked
sodz-—enrichrent (Hago reaching T.9%5%), peralkalinity is never achinved and in
fast ﬁaQO;KEU deereases a5 .8 consieio.. with -misclaze fractionation.

Bridgewan Island laves are baseltic andesites having high Ca and Al
contents reflecting the abundance (and accumulation) of plagioclase phenocrysts.
The olivine-rich ma;mesian basalis of Penguin Islend arc slightly silica
undersaturated (up io 5% HE} and are distinetiy less potassic than the mildly
alkaline bzsalts and hawaiites ol the James Hoss Imland Yoleanic Group {Table
?, Fimure £} situated en ihe basi Seast of the Feninsula.

High RaQO/KEO ratios characterine the voleanics of the S. Shetland

Islands fron the MHesczoic %o the present day, a feature which appears to

vorreiate with thelr inferred proximity to ihe trench and the Jenioff zone.

Trace elepent variations

The progreasive west lo enst increage in the K20 content of the
.

liesornic volcanic rocks 12 alse mirrored by Hb, Th znd to a lesser extent, Ba.
K/Fb retios of mont of ihe Mesozolc veleanies are felirly low {Table 1) except

for the mafic lavan of the South Shetlond Islande,which togsther with mest of

‘he Tertiary lavas,have high ¥/Rb ratios and low E5/Sr ard Za/Sr ratios.

These characteristics are typical of island are tholeiltes (Jakeg and Gill, 1970).

e i

t Fizure 7 aboul here
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However the abtundances of Sr, Ba, Zr, Cr and Ki are much higher iban in arc
theleiites. Noreover CefY ratias in these rocks {Tables I and 2) suggest that
their rare-earth patiorms are mederately light-RZ-enriched, in conirast to
the flat or lighi-Hi-depleted patierns reported for mest islend arc tholeiites
{Jakes and Gill, 1970},

In meny veleanie suites the abundance of an incompatidle element zuch
ag irconium serves aw 2 useful index of fractionaiion {Veaver and othere 1972;
Tarney and cthera,lSY?). Srooth tremds are obizined when chemical parameters
ere ploited ageinst Zr {am in the Ded¢eption voleanics, Figure 7}, sugnesting

cenirel by a simple petrogenntic pracess such as fractional erysteliisation.

An enuivalent Zr-5i0, greph is presented in Figure 8 for the Mesozoic lavas.

2
It is clear thnt, despite ihe scaiier of data points, the neture of the
variation is quite different from that in the Decepiion suite, Zr increases

in abundance {rcm the basic rocks up to about 6552 SiOzjbcyond which *he Zr/

£

iOP ratio fails sharpiy with increasing silice such that the rhyclites are

zignifieantly poerer in 4r than the dacites. One reason for this could be

separation ¢f zircon from the magma, butl an egually compatible explanation
would be that zircon was residual in the source during partisl melting or that
the silice=ous melts are filter-press products frop n zircon-pearing crystalline
residuum. Of interest here is the most silicic Peception sample, a rhyodacite
pumice from the 1967 erupticn {Haker and athers, 1975), which is impoverished
in #Zr {(Pigure ?}. With only a & inerease in 3102, Zr has fallen from G50 to

180 ppa. However other {ncompatible elements (Bb, Bz, Y, Th, REE} ore

cerrespondingly low, suggesiing that zircon fraciionstion is not responsible

for these discrepancies. It zeems unlikely thereforp that this rhyodaciie is

consanguinous with the pther Deception lavas, but that it may insicad represent
rartial meliing of subjacent erustal material.

the retio Zr/fh iz a useful diceriminant between alkaline and tholeiftic

mamma types. Zr/Kb is less than B im alkali baszlts and associated rocks
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(weaver and others, 1972; Veaver, unpublished duta} tut reaches values in

excess of 40 in 'depleted' mid-ccean ridge bosalis {Erlenk and Keble, 19763

and sohe calc-alkaline‘suites {see for example 'able 1). Easuﬁts Trom Segl
Huratzxs have low Zr/8b raties {Table 2) and are iruly alkaline on ithis basis.
However the other voleanies, angd particularly those {rom the 5. Shetland Islands,
L] . .

have high 2o/Nb ratios.

The rare eaﬁth Eiements have proved to be_valﬁable:ﬁétfogcnetic indicators,
Se far, complete REE data is available only for the lieeent voloaniecs of Brensfield
Struit. Bowever & very ﬁoud indication of rarce—varth characteristics in all

can be obtained from X-ray Flucrescence delo on La, Ce

[4d
=
[l
—+
o
o

the voleanis
and ¥,  Becauss of itls similariiy in dioniec radius and charge 4o Yb, the
behaviour of Y closely parallels thai of the lieavy-REE, hence plots of Ce
aieinsgt ¥ on & chondrl te normaliaéd bésis are broadly cauivalert to uwsing Ce

versus Yb.,  Piure 9 summarises Cée-Y relaiionships of fntarctic Peninsula and

3

‘obifera valuanic sultes.

Chonérite-normalised Ce/Y rutios fer the Mescroic volcanies of Byers
"Feninsula are roather leow, raiios {or the basalts lyinlg between 1.5 and 3 with
slifﬁtly highpr ratios [ar the more si]icic_rocks. Ratics for the Danco Coast
volc;nics are within the range 2-4, the :.'ﬁ"ast Toast laves in the range 3-T,
whurgas {he fovifera voleanies show rather more frac%ionéiion wiih raiioas
Tising from 3 %o morve than 8 (Figure 9z). '"hus thers appeérs to he e
sigmificant, theugh still woderate, transverse variatibh.in éé/Y ratios across
the Peninsula, which correlates with the other geochemical virietions noted

re_zieo and cowld indicalce the

above,  Tne JefY variations ey be dig.o
inereasing ir}f‘l‘l.:EEn.CE: of garnet in' the source; hewever much higher Ce/Y

ratips :oula be expected 1f garnet-rich eclogite were the source because of
the strong affinity residual gammet would have for ¥. 1If subductcé oceanic

crust were the source for ihe voloanics then the migmas were either gonerated

before convertlon to eclogite, or they interacted with ihe overlying mantle

Maioesl
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we&té £o such ~n extent that their rafe-earth patterns assused tho characteristics
of ihat nantle.

Jhe Tertiary basaltic lavas (Fildes Peninsula} from the S. Shetland
Islands also have low Ce/Y vatios {€2}. Tt woﬁld erpear that these and

the Pisuzcic tasnltic lavas from Eyeré:Peninsula vere genersted at relatively

ahaildﬁ depths Tfyom o source which ccnfaihed 11ttie or no. farnet.

e fuaternary lpves {Beception Is., Bridgeman Is., Penguein Is. and
Scal Munataks) déisplay inicresting Ce/Y relationchips. Tesepiion lavas

produce a remarkably lincar irend of rarc—carth enrichment; with the Ce/Y ratio

This lincar trend is

renaining constant within the ronge 1.9 te 2,0 (Fig. g).
charaecleristis of tholeiitic differentiation at relaiively shallow depihs
(arney and ottars 1977; Sdunders und cibers 1977} where sepavatior of winerals

such as glivine, pyrcxene and plapgioclase is invelved. Bridporman lavas have the

same Ce/Y ratios as feception lavas but all hﬁve lawer 2evels of Ce and ¥ than
the most primitive Lecepiion basaits., ‘This implies a much higher degree of
partial meliing of a similar scurce to prodﬁce the Bridgemen: lavos, an

2y levels of other incompatible

explanation that would be conz;iéicn:} with the lowe

fenguin Islend bezaalis however have higher Ce/fY ratios than either

elemonts.,

Deccptién and Bridgenan lavas, although their high Cr erd Hi contents and

high MNg/Fe ratios imply velatively high degrees of partial meiting, It iq

5

probatle that Perguin basalis were gonerated et pgreater depth than ihose of
Decention or Bridpeman, in a mantle source wheve garnet was stable. The alkalic

besalis of Soal Xunztaks have higher Ce/Y raties (2.9-4) and also appear to

*ing mantle source.

from a gaInet-

hove bs e

~th dota {Fig. 10) tend te confirm thease relationships. The

patterns of PFridgeman lavas and Decepiion lavas p¥e esasentially parallel, with
notraiised -Ce¥Yb ratios beiween 3.7 and 2.5, and with Bridgeman lavas having
tower BEE levels than those of Leception. The more evolved Deceplion lavas

. . . : I3 )
have higher HEE levels and show the develepment of distinmet negative Bu anomalies
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consistent with plagioclase fractionstion. Penguin basalts have steeper WE
patterns with nommalised Ce/Yb ratios in the range 2.9 - 3.8.

Strontium isotope data also indicate time-jintegrated geochemig&l
diffnrences between the Penguin and Decepiion-Bridgeman magma SOUTCEes.
(wg?ver and others,.in preparation), BTSr/BSSr.ratios for 3 Bridgeman and
4 ﬁgception sapples fall within the range 0.7034-0.703%, whereas thelratios
for Penguin basalts are distine$ly higher at about 0.7039, ‘he ratios for
Pengein asalis are only slightly lowex than the initial 5r isotope ratios
of the Byers Peninsula lesczoic volcanics which averape avout 0.7040. These
igotopic relationships indicate a source for the Ioceptlion-Bridgeman lavas
which is' different from that of the Penguin Island and the Mesozolc voleanics.
klthouch Bridgeman and Deception lavas have éimilar a?Srfgssr ratios, they
do, surprisingly, have very dilferent Rb/Sr ratios. Yridgenw lavas have
higﬁer K and especially Rb than the most primitive Ipception basalts, but
Ea and Sr levels areg similar, .As a result Bridgeman lavas have equiyalent
Ba/Sr ratios, but K/Rb and Ba/Rb ratios are lower and Rb/Sr ratios higher
(Tﬁble 2 and Tarney end others 1977}, This cou]d indicate a relatively
rcéent zddition of Rb and K to the Bridgeman mugma source (7 from the
subducting rlate),. Alternatively 1t is neceseary to postulate that a K- and
Rb-rich mineral svch as phlogopite was residual in the souxrce duringlthe
generation of Deception lavas but was consumed during the generation of
Bridgeman lavas, Penmuin Island volcanics have K/Hb and Ba/Rb ratios
higher'than, and Rb/Sr ratios as low as the Dgception basalts, but this ie
mainly a result of higher X, Ba and 5r levels rather than lower Rb. Never—
thelesa this gives rise to e paradox in that.there is an apparent inverse
relationship between Fb/Sr and 87Sr/BGSr ratios in the three recant §01canic
nultea. It would seen that oither phlogopite wits residual in thé souree
during generation éf Penguin Island basalts, or that any original phlogopite

was removed {rom the manile sovree during waclier eplsodes of cale-nlkaline

'activity in the 5, Shetland area.

WEAYER

It is evident that, compared with the relative uniformity of Mesozoig
and Tertiary lavas in the South 5hetland area, recent volecanism associated
with the extensional opening of Bransfield Sirait requires morve complex
petrogenetic uchemes, Tapney and others (19?7) have argued‘that the sodic
Deception and Bridgéman magmag, with low XK, Rb, RB/Sr, 87Sr/86Sr, Ce/Tb and
high K/Rb, Ba/Rb and Zr/ib, have close geochemical affinitiea with mideocean
ridge baselis. Thus they mey be more directly connected with mantle diapirism
(back-are spreading) which has separated the South Shetland Island block frawm
the Aﬁtarctic Peninsula. The ﬁesozoic—fertiary calc-alkaline lavas on the
other hand are related to subduction of Pucifie Omean crust urder the South
Shetlands, although the laves themselves may have their origin {in vhole or in

part} in the manile vedge above the Berioflf zone,

CONCLUSIONS

The volecanic record of subdnction under the Antarctic Peninsula is perhaps
not as complete or continuous as the plutenic record {Saundera and others, this
volume). Certainly there were vast outpourings of lava throughout thé Peningula
during the Fecosoic {'Upper Jurasaic yolcanic Group') just as there were in
sovpthern S.hmerica {'Serie Tobifera'). Geochemical variations in the lavas
acracs the Peninsula are consistent with subduction from the Facifie side.
Similarities inthe pattern of Mesozoic volcanism, ond in particular the
geechemical similarities between the dominantly silicie voleanics from the
Past Coast of the Peninsula and the Toﬁifcra silicic voleanics, agree with
continental reconstiructionz which place the Antarctic Pepinsula in continuity
vith southern 5. kmerica during the.Mesozoic. In the Peninsula there is no
reason to regard the volesnies as baing other ihan subduction related, although
in S.America the Tobifera volecanies extend well baeck from the active margin.

lowgver, the fact that so much of the magmatic activiiy was expressed as volcanlsm

may demand special tecionic cenditiene; 1t may be significent that this reriad

was characterised by exiensive rifting connected with the break=-up of Gondwannland
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{3arker and Griffiths, 19??).
The strong asymueiry ir the present age pattexn of ihe ccean flooy in
the Yacific suggests that vast amcunts of Mesozoic aecean floor {complementary
to that in the N,*.Pacific) may have been consused below S.America, the
Antaretic Feninsula and West Antarctica during the Mesozeie and Early Tertizxy.
L]
From about 65 Ma (Anomaly 26) cccan-crust generated at the Aluk ridge (Herron
mnd Tucholke, 1976) must alsc have disappeared bensath the Peninsula until
this ridge iiself was progressively consvorel and subduction ceased (except at
the northern end of the FPeninsula), Apart from that in the Soculh Shetland
Irlands, very little Tertiary voleanism has boen rccoénised in the Antarctic
Feninesvla. To what extent this iz 2 function of erosicn or lack of exposure,
or justi zthat magralism does not slways lead 4o extrusive activiiy, is not known,
Trne most complete record of velcanism in the Peninsuls cocurs on the
Sputh Dhetland Islands, and in fact mubduction under the South Shetiand Eslaﬁds
Las ceased only recently. Hyers Feninsula lavas (90 - 140 Na) arc near-trench

equivaients of the main Mesczolic volesnic group in the sntorctic Peninsula, and

may be sugarded as meﬁbefs of a low-K cale-alkaline suite derived by reléti@ely
ﬁhallcw—leﬁel melting of the manile wedge above the gubdueilon zone. They ave
crenically distingt from {he arc—tholeiit? suites of intya-cceanie islund arcs
{Jakes and Gill, 1970), but of course at the time they were gencrated, the South
Sheiland aren wasg situated al & nejor continental murgin.

The Tertiary Fildes Peninsule wvolesnics (60 - 40 ¥a) are compositiomally
very sirmilar to the older Iyers Peninéula lavas, and 1ndibate 9tuady-s{ate
subduction-related magmaiism in the avaa, The former_however, represent o
yolse of magmatie aétiviiy at abeut 60 Maw  One could Eﬁcculate tﬁat'this
oay e connected with the initistion of spreading at the aluk ridgc at ahont
65 Fa {Herron and Tucholke, 1976) which might have produced an ihcrease in
ithe rate of subduction beneath the Peninsula,

The Plio-Pleistocene group of lavas of King Goorge Island are generally

17 WELYER

richer in incompatible elemenis (K, Rb,Pa, ctc} than the Fildes and Eyery
auiies and are more typically cale-alkaline. MNowever, thelr age and position,
cloge to the faulti-bounded southernmargin of King George Island, sugegest that
they may bve connected with the iniiial stages of the rifting open of Bransfielad
Sirait. "he opening of the Sirait herzids a major change in the 140 Fa peltern
of voleanism in the area. The cause of this ineipient beck-are spreading is
known, Wt it may be that with the apuparent cessaiien of spreading

not fully

in Drake Fassage {Farker, 1976) new spreading ocourred withiﬂjthe voleoanie are
to conpemsate for continuing but wening subduction under the Sﬁuth Sheiland
Islands., Reuvent wolcenicity on Deception, Bridgeman and Penguin Islandas is
more girectly related to this mantle diapirism. Deception end Eridgeman lie
along vhe axial magnetic anowaly in Bransfield Strait. Toeir velcanie products
ansiticnal between

have geocnemical and Iisctopic choracteristics which are trons

ne magmes {Tarney and othere, 1977), as ooy be

ocean-~ridge and cale-alk

expected where back-are spreading is at an early stage of eveluition, Yenguin

represents an off-axis voleano crupiing mildly alkaline basalts which have

been derived from grester depth and from a diffevent nantle ‘source than the .

Lridgeman-Deception sroup. ) ) ) ;

rne James Foss — Scel Funataks alkali baszalus d represe dugtion-
Tne J F Sual | taks alkali basal could reg ent subduciion

related megmatism cceurying well behind the are, as in Japan, However, alkalic .
I3

pagmas are more commonly associated wiin enzialic rifting and faulting. Such
rifting may well be a secondary extensional feature connccted with active

mantle diapirism beneath Bransfield 34rait.
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Figure 3 : a.0e v Y grapﬁ fer Mesozoio woleanic recks from the South Shetland

Islunds, the Aniarctic Peninaula and.Islas de los Ystades

{syybola as for Figure ).

h.Ce v Y rraph for Cainowoic lnvas froa tie South Shetland Tslands

and Seal Hunnlaka (symbols as for Figure
Figure 10 : fare-partih elemert patterns for ihe Cuaternary lavas of
Bransfield Strait. Cpen circles — Bpeeption Island {B138.2 -
baoalt, B202.1 - basaliic andesite, BiO?.B - andesite, PATO.L -
dacite}, exosses - Fenguin Island (PGO7.L, P721.3 - dzsalts),
aclid eircles — Bridgeman Island {P642,2, PEAC.1 ; hasnltic

amlnsites). Aﬂa@,lj-_\{' — ? .T' ?mkhxmdf“

Figure 1

Figure 3

Pigure 4

Fipure 6

Figure 7

Figure 8

CFIGURE CAPTICRS

Locality map of the Antarciiec Peninsula and Tierra del Fuego.
Ages of seo-{loor are gifgh.in ¥z {south-west of the Hero F.Z.
altor Herrcn and Tucholke (;9?5}, iﬁ brﬂke Fassange after Farker
and Burrell (39??) ). Transform faul by - ihick dashcd line,
Soutﬁ Shetlanda trench ~ foothed line.

Locality and bathymetric map of the South Shebland Islands and
Bransficld Strait.

Histogréms ol fiiO2 contend of all analysed lHMeseczole volcgnic
rocks from the South Zhetland Islands, the Aniarctic Penin;ula
and Islas de los Ectados. I I

Formative Or-Ab-in diagrom for Mesovolc-Cainazoic voleanie rocks
from the weat ceast (including the Soutn Shetland Tslands) and
the eas{ coasl of the Antarciic Feninsula. The irend of Dcécptiun

Islead lavas is distinguiched, )
K20 v 5102 gravh for lMosozmoic volcanic rocks of the Seuth Sheilond
Islends, the Antarciic Peniﬁsula and Isias de los Estodes. Filled
circies — Ryers Peninsula, crasses - Lencoe Comst, open c}rclcﬁ -
Cscar 11 and Feyn Censts, trisnples - Islas de los Enirdos,

Na?0 v KEO graph for Cainczoic 'lavas of the South Sh&tlnndulslnndn
and Seal ﬁunataks. Filled circles — Fildes Peninsula, crosses -
Plie-Fleistocene grouy, open circle; = Leception Inland,

triaﬂgle# — 4Seal Nunatakg. Plelds for Deceplion, Foenpulin and
Bridgeman Tslands and for 150 cc;anwflaor basalis are indicated.
oy SiOE_graph for Cainczoic lavac of the South Shetland Islands
and Soal Nunateks {(symbols as for‘Figure 6.

ar v QiOE graph for Fescroic voleanic rocks {rom the Scuth

Shetland IElﬁnds,;the Antarctic Peninsula anmd Islas de log

Fatados fsymbols as fer Figure S).
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