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A col lec tion of 360 ori ented sam ples of ig ne ous rocks from the west ern part of the Ant arc tic Pen in sula (Ar gen tine Is lands Ar chi pel ago,
Pe nola Strait area), has yielded well-de fined palaeomagnetic di rec tions. Age de ter mi na tions by var i ous meth ods showed a Late Cre ta -
ceous-Paleocene time in ter val for the rocks stud ied. The char ac ter is tic remanent mag net is ation (ChRM) was iso lated by a stepwise ther -
mal de mag neti sa tion mostly in the tem per a ture in ter val 450–580°C. It is ev i dently a pri mary mag net is ation. The rocks along the coast line 
of the west ern part of the Ant arc tic Pen in sula (AP) were emplaced dur ing the Cre ta ceous Nor mal Superchron while the rocks from the is -
lands with re versed po lar ity are of Paleocene. New Cre ta ceous (112–85 Ma) and Paleocene (60 Ma) palaeomagnetic poles for the pas sive 
con ti nen tal mar gin of the Ant arc tic Pen in sula fit well with a syn thetic East Antarctica ap par ent po lar wan der path and con firms that the
AP did not un dergo lat i tu di nal dis place ment for the last 100 Ma. The palaeomagnetic pole for 60 Ma shows a slight shift from
palaeopoles ob tained for the South Shet land Is lands which im plies that the South Shet land block is char ac ter ized by own tec tonic evo lu -
tion and prob a ble anticlockwise ro ta tion dur ing the Paleocene.
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INTRODUCTION

In con trast to East Antarctica, which con sists mainly of Pre -
cam brian rocks, West Antarctica is built out of Phanerozoic
com plexes (Grikurov, 1973; Dalziel and Elliot, 1982) com pris -
ing a se ries of mo bile belts which in clude at least four ma jor
crustal blocks (the Ant arc tic Pen in sula, Thurston Is land, the
Ellsworth–Whitmore Moun tains and Ma rie Byrd Land) with
in de pend ent Me so zoic and Ce no zoic tec tonic his to ries. Dur ing 
the break-up of Gond wana these blocks moved rel a tive to each
other and to the East Ant arc tic Craton (Dalziel and Elliot, 1982; 
Dalziel and Lawver, 2001).

The tec tonic his tory of the Ant arc tic Pen in sula (AP), the
larg est crustal block of West Antarctica, re lates to Gond wana
break-up and tec tonic pro cesses that oc curred along the south -
east Pa cific con ti nen tal mar gin. Re cent geo phys i cal and geo -
log i cal stud ies sug gest that the AP is a com pos ite mag matic arc
which is con sid ered to be formed of three do mains that amal -
gam ated dur ing the mid-Cre ta ceous (Vaughan and Storey,
2000; Vaughan et al., 2002; Ferraccioli et al., 2006). In the
Late Cre ta ceous the AP was af fected by southeastwards

subduction of Phoe nix Plate, all of which was subducted at the
West ern AP con ti nen tal mar gin (Larter et al., 2002). Through
the late Me so zoic and Ce no zoic, subduction has stopped pro -
gres sively from south-west to north-east as a re sult of a se ries of 
ridge-trench col li sions (Larter and Barker, 1991). Subduction
is only ac tive to day in the north ern part of the AP ad ja cent to
the South Shet land Is lands lo cated be tween the Shackle ton and
Hero frac ture zones.

In a plate tec tonic re con struc tion where South Amer ica is
fixed, the AP un der went a rel a tive south wards lat i tu di nal mo -
tion from the break-up of Gond wana un til about 118 Ma
(Ghidella et al., 2002). Since 90 Ma the AP block went through
clock wise ro ta tion to its cur rent po si tion (Cunningham et al.,
1995; Ghidella et al., 2002). The fi nal sep a ra tion be tween the
AP and Patagonia oc curred around 40 Ma when the Sco tia
Plate was formed (Barker, 2001).

Most palaeogeographic re con struc tions for the AP and
South Amer ica are based on sea-floor mag netic anom a lies.
How ever, palaeomagnetic stud ies have also been car ried out to
pro vide con straints on the rel a tive po si tions of South Amer ica,
the Ant arc tic Pen in sula and East Antarctica. For ex am ple, ac -
cord ing to Grunow (1993), the Ant arc tic Pen in sula un derwent



a clock wise ro ta tion from 175 to 155 Ma (which was re lated to
the open ing of the Weddell Sea), and a coun ter clock wise ro ta -
tion be tween 155 and 130 Ma.

Palaeomagnetic re sults for the Ant arc tic Pen in sula have al -
ready been re ported in a num ber of stud ies (Blundell, 1962;
Dalziel et al., 1973; Kellogg and Reynolds, 1978; Valencio et
al., 1979; Kellogg, 1980; Longshaw and Griffiths, 1983; Watts 
et al., 1984; Grunow, 1993; Parés and Di narÀs-Turell, 1999;
Nawrocki et al., 2010; Poblete et al., 2011). Some of these con -
strain the rel a tive mo tion of the Ant arc tic Pen in sula since the
mid-Cre ta ceous and al low the quan ti fi ca tion of tec tonic ro ta -
tion be tween the dif fer ent blocks rec og nized within the area. In
re cent work (Poblete et al., 2011) the au thors note
remagnetisation of the Pa leo zoic and Ju ras sic rocks in the area
which could re flect an im por tant tec tonic event dur ing Cre ta -
ceous time in the north ern Ant arc tic Pen in sula and its as so ci a -
tion with the well-doc u mented mid-Cre ta ceous Palmer Land
Event (Vaughan et al., 2002). 

The pre vi ously pub lished Cre ta ceous and Ce no zoic
palaeomagnetic re sults as well as those pub lished here come
mainly from vol ca nic and in tru sive rocks. The mag netisation of 
these rocks is mainly pri mary and palaeomagnetic data could
be con fi dently used for the ap par ent po lar wan der path
(APWP) de ter mi na tion for the Ant arc tic Pen in sula with sub se -
quent palaeotectonic re con struc tions. How ever, only a few
stud ies (Watts et al., 1984; Grunow, 1993; Nawrocki et al.,
2010; Poblete et al., 2011) pro vided de tailed palaeomagnetic
and geo log i cal in for ma tion. These pa pers pre sented the
palaeomagnetic re sults of three ar eas: the South Shet land Is -
lands, the north ern part of Gra ham Land and Gerlache Strait
(the last one in cludes the Pe nola Strait area). These are dif fer ent 
parts of the con ti nen tal mar gin of the AP which are char ac ter -
ized by dis tinct deep struc ture and tec tonic evo lu tion
(Yegorova et al., 2011). The ac tive mar gin seg ment of the
north ern AP is char ac ter ized by on go ing subduction be neath
the South Shet land Trench and ac tive con ti nen tal rift ing in the
Bransfield Strait. The South Shet land Is lands rep re sent the ex -
posed part of a huge crustal diapir, which is com posed mostly
of Cre ta ceous ultra mafic rocks. The pas sive seg ment, which
was su per im posed along a palaeosubduction zone within the
AP mar gin near Anvers Is land, is lo cated to the south and has
the typ i cal crustal struc ture of a pas sive con ti nen tal mar gin. 

In this pa per we pres ent new palaeomagnetic data from the
Late Cre ta ceous and Paleocene rocks col lected in the west ern
part of the AP (Pe nola Strait area). This re gion is char ac ter ized
by ter mi na tion of tec tonic ac tiv ity in the Late Mio cene–Early
Plio cene and be longs to the pas sive con ti nen tal mar gin. Some
of the mean poles pre vi ously pub lished for this area cor re spond 
to a low num ber of sites. Our new data, which are broadly con -
sis tent with pre vi ous re sults from this area (Blundell, 1962;
Grunow, 1993), may be used to better con strain the tec tonic
model of this key re gion of Antarctica.

GEOLOGY AND RADIOMETRIC DATING

About 80% of rocks ex posed on the is lands of the AP shelf
as well as on the main land are formed by plutonic rocks of the

AP batholith (Leat et al., 1995) and vol ca nic rocks of the AP
Vol ca nic Group (Thomp son and Pankhurst, 1983). The plutonic
rocks were emplaced within the pe riod ~240 to 10 Ma with an
Early Cre ta ceous peak of ac tiv ity (Leat et al., 1995). The Early
Cre ta ceous plutonic rocks of gab bro-gran ite com po si tion (with a 
prev a lence of diorites) con sti tute wide spread plutons and
batholiths (Leat et al., 1995; Willan and Kelley, 1999). The acid
rocks are youn ger then the ba sic ones (Rex, 1976). The vol ca nic
rocks of the AP Vol ca nic Group oc cur as veins, dykes and rep re -
sented by andesites, diabases, bas alts, rhyolites, doler ites and
dacites (Weaver et al., 1982; Riley et al., 2001). 

As men tioned above, the AP is a com pos ite mag matic arc
terrane formed at the Pa cific mar gin of Gond wana. At pres ent
most of the con ti nen tal mar gin of the AP is pas sive, but the im -
prints of for mer tec tonic events are re corded in geo phys i cal
fields (grav ity and mag netic anom a lies). We in ves ti gated the
re gion lo cated south of Anvers Is land, i.e. the pas sive con ti nen -
tal mar gin of the north ern part of the AP, which is char ac ter ized 
by a jux ta po si tion of two crustal blocks of dif fer ent struc ture
and, prob a bly, af fin i ties, which col lided dur ing the Late Ju ras -
sic. These do mains rep re sent (in the east) the crustal do main of
Pa cific mar gin of Gond wana and a block of accretional tec ton -
ics be tween the latter and the oce anic domain of the
Bellingshausen Sea. 

The geo log i cal set ting of Pe nola Strait area and lo ca tions of
palaeomagnetic sites are shown in Fig ure 1. The pe trol ogy of
this re gion and of the ad ja cent off shore is lands is de scribed in
Hooper (1962), Elliot (1964) and Curtis (1966). The vol ca nic
rocks of the AP Vol ca nic Group com pris ing an de site lavas and
pyroclastic rocks com pose mainly the West Ant arc tic Pen in -
sula coast while the plutonic rocks of an ini tial gab bro in tru sion
phase of the An dean In tru sive Suite are ex posed both along the
coast line and on the west ern is lands (Fig. 1).

The ra dio met ric ages used be low are based on a com pi la -
tion of pre vi ously pub lished data (Rex, 1976; Flem ing and
Thomson, 1979; Pankhurst, 1982, 1983; Leat et al., 1995;
Tangeman et al., 1996) and on re cent U-Pb zir con re sults for
the rocks stud ied in this work (Gladkochub et al., 2009;
Gladkochub, pers. comm.). A sum mary of age de ter mi na tions
as re ported in the orig i nal ref er ences are given in Ta ble 1. 

WESTERN COAST OF THE ANTARCTIC PENINSULA 

Banded hornblende gab bros crop out on the NW point of
Cape Tuxen (Curtis, 1966). Granodiorite dykes in trud ing the
gab bros are ob served in cliff faces. Zir con U-Pb dat ing of
quartz-diorite from the prom i nent point of Cape Tuxen yields
an age of 85.2 ±0.7 Ma (Tangeman et al., 1996; Ta ble 1). U-Pb
dat ing of quartz-diorite from the base of Mount Demaria and
from granodiorite col lected ap prox i mately 1 km south-east of
Cape Tuxen yielded ages 84.8 ±0.5 Ma and 84.5 ±0.9 Ma re -
spec tively (Tangeman et al., 1996). Re cent U-Pb dat ing of zir -
con crystallisation in the gab bros from Cape Tuxen yielded an
age of 88.1 ±1.1 (Gladkochub et al., 2009). An 39Ar/40Ar pla -
teau age pro vides the age of the clo sure of the Ar-Ar iso to pic
sys tem of plagioclase (150°C) in the gab bro as 70.9 ±1.1 Ma.
It this could mean that the cool ing of this in tru sion to 150°C
took about 17 mil lion years.
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Moot Point forms a se ries of low is lands and a prom on tory
along Pe nola Strait and con sists of me dium-grained, bi o tite +
hornblende bear ing diorite cut by nearly ver ti cal north-south
trending mafic dykes. U-Pb dat ing of quartz-diorite yields an
age of 105.7 ±0.7 Ma (Tangeman et al., 1996). There are no
age de ter mi na tions from the mafic dykes, but they yield
palaeomagnetic di rec tions in dis tin guish able from the diorite
(Grunow, 1993) and were not ob served cut ting the Cape Tuxen
rocks which sug gests that the dykes are older than ~85 Ma and
likely comagmatic with the diorite.

The out crops on the prom on tory of the head land near Ras -
mus sen Hut and on Ras mus sen Is land, lo cated over hun dred
metres from the AP south of Ras mus sen Hut, are com posed of
dif fer ent gab bros, diabase, granodiorite and gran ite, cut by
comagmatic mafic dykes. The coarse-grained pink gran ite on

Rasmussen Is land yielded U-Pb zir con age of 117.0 ±0.8 Ma
(Tangeman et al., 1996), which dif fers mark edly from Rb-Sr
data (128 ±3 Ma) ob tained at this place by Pankhurst (1982).

Four kilo metres north of Moot Point op po site the
Petermann and Hovgaard Is lands the most spec tac u lar ex po -
sures of vol ca nic rocks of the AP Vol ca nic Group are lo cated
on the main land coast of Pe nola Strait and on the shores bor der -
ing Lemaire Chan nel. The vol ca nic rocks crop out along the
coast of a dis tance of about 1.5 km and had been folded into an
asym met ri cal syncline with its axis trending NW to SE. They
have been in truded by diorite about 0.8 km north of Duseberg
But tress. The sam pling in this re gion was car ried out at three
points: diorites of Duseberg But tress, bas alts at the bot tom of
Scott Mount and gab bro in the SW of Gi rard Bay. No ages are
known for these points, but anal y sis of the geo log i cal struc tures 
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Fig. 1. Lo ca tion of rock sam ples in the Ar gen tine Is land Ar chi pel ago area

A – map of the Ant arc tic Pen in sula, the small rect an gle in the cen tre of the map de picts the lo ca tion of the re gion in ves ti gated, de tails of the site 
lo ca tions are shown in B and C; B – Pe nola Strait area (Ar gen tine Is lands Ar chi pel ago) and the west ern coast of the Ant arc tic Pen in sula; 

C – Wiencke Is land, near Port Lockroy; geo log i cal set ting mod i fied from Curtis (1966)



in di cates sim i lar ity be tween diorites from Duseberg But tress
and diorites from Moot Point, as well as be tween gab bros on
Gi rard Bay and gab bros on Petermann Is land and Cape Tuxen.
Based on this sim i lar ity we as sume that the ages of the rocks of
these sites cor re spond to the Late Cre ta ceous.

NEIGHBOURING ISLANDS 

Gab bros and quartz-diorites crop out in the NNW part of the
Petermann Is land while the cen tral part is formed of
granodiorites. In the NW part of Petermann Is land,
hornblende-gab bros have been in truded by granodiorite. Re sults 
of Rb-Sr whole rock ra dio met ric dat ing re ported by Pankhurst
(1982) yielded an age of 93 ±8 Ma. U-Pb dat ing of zir con from
quartz-diorite gave an age of 96 Ma (Gladkochub, pers. comm.).

The gab bros and diorites make up the north ern part of the
Berthelot Is lands. Vi su ally the gab bros are sim i lar to the rocks

of the out crop on the Cape Tuxen. The K-Ar data ob tained for
diorite from the south ern part of the is lands yield an age of
73 ±6 Ma (Rex, 1976).

A num ber of is lands lo cated across an area of 6 × 6 km have 
a com mon geo graphic name: the Ar gen tine Is lands (Fig. 1).
The two big gest (Galindez and Win ter) is lands are well-known
as the Ukrai nian Ant arc tic sta tion “Akademik Vernadsky” (the
for mer Brit ish base “Far a day”) and an old Brit ish base, re spec -
tively, are lo cated there. The ar chi pel ago is sep a rated from the
main land by the deep Pe nola Strait, which geo log i cally is a
fault be tween the Ant arc tic Pen in sula and west ern is lands. The
west ern part of the ar chi pel ago the Ar gen tine Is lands and other
west ern ar chi pel a goes are com posed of plutonic rocks which
out crop on the Bar chans Is lands, Forge Is lands, Ana gram Is -
lands and in the area fur ther to the west. The east ern part of the
ar chi pel ago is com posed mainly of AP Vol ca nic Group rocks
(an de site lavas and as so ci ated pyroclastic rocks, which have
been meta mor phosed and metasomatized) and sep a rated from

288 Vladimir Bakhmutov and Victor Shpyra

Lo cal ity Lat., Long. Rock types
Ra dio met ric

method
Min eral
analysed

Anal y ses ref er -
ence num ber

(by Ref er ence)
Age [Ma] Ref er ence 

Cape Tuxen and
De liv er ance Point

64°07´W
65°16´S quartz-diorite U-Pb zir con AP90-11H 85.2 ±0.7 Tangeman et al. (1996)

64°071´W
65°161´S gab bro U-Pb zir con 88.1 ±1.1 Gladkochub et al. (2009)

64°066´W
65°171´S quartz-diorite U-Pb zir con AP90-11J 84.8 ±0.5 Tangeman et al. (1996)

64°06´W
65°18´S granodiorite U-Pb zir con AP90-11K 84.5 ±0.9 Tangeman et al. (1996)

Moot Point 64°045´W
65°123´S quartz-diorite U-Pb zir con AP90-11A 105.7 ±0.7 Tangeman et al. (1996)

Ras mus sen Is land
64°045´W
65°155´S gran ite U-Pb zir con AP90-11F 117.0 ±0.8 Tangeman et al. (1996)

pink gran ite Rb-Sr 128 ±3 Pankhurst (1982)

Petermann Is land

64°09´W
65°10´S diorite/gran ite

Rb-Sr

whole rock
93 ±8  Pankhurst (1982)

quartz-diorite U-Pb zir con
95.9 ±1

96.1 ±0.7
Gladkochub (pers. comm.)

Berthelot Is lands 64°10´W
65°19´S diorite K-Ar pyroxene IDB597 73 ±6 Rex (1976)

Ar gen tine Is lands
Ar chi pel ago 

64°15´W
65°15´S

diorite/
granodiorite/

aplite
Rb-Sr 55 ±3 Pankhurst (1982)

Forge Is lands 64°18´W
65°14´S hornblendite K-Ar hornblende IDB801 54 ±2 Rex (1976)

Ana gram Is lands 64.192´W
65.123´S K-Ar 58 Flem ing and Thomson

(1979)

The Bar chans,
South Is land

64°20´W
65°14´S quartz-diorite K-Ar bi o tite

IDB574

IDB701

IDB583

56 ±2

56 ±2

57 ±2

Rex (1976)

The Bar chans,
South Is land

64°18´W
65°145´S granodiorite 39Ar/40Ar bi o tite 60.9 ±0.1 Gladkochub et al. (2009)

The Bar chans,
West ern Is land granodiorite

Rb-Sr

whole rock
70 Flem ing and Thomson

(1979)

Goudier Is land,
Port Lockroy

63°31´W
64°50´S quartz-diorite K-Ar

bi o tite

hornblende

IDB514

IDB539

51 ±2

51 ±2
Rex (1976)

Port Lockroy 63°30´W
64°49´S quartz-diorite K-Ar

bi o tite

hornblende

bi o tite

IDB687

IDB711

IDB603

48 ±2

51 ±2

49 ±2

Rex (1976)

T a  b l e  1

Re sults of the age-dat ing of AP batholith plutonic rocks which were stud ied palaeomagnetically



the west ern plutonic rocks by a sublongitudinal con tact zone
about 1000 m wide. The ob ject of our re search on the Ar gen -
tine Is lands Ar chi pel ago was only plutonic rocks. Gab bros,
norites and tonalites oc cur mainly an the Ana gram Is lands and
granodiorites crop out prin ci pally in the Bar chans and the
Forge Is lands. K-Ar and Rb-Sr data in di cate that the age of
these rocks is Paleocene (55–70 Ma; Ta ble 1). Dat ing of the
quartz-diorite from the south is land of the Bar chans Is lands by
K-Ar min eral ra dio met ric ages (bi o tite) yielded 56–57 Ma
(Rex, 1976). The K-Ar age of the hornblendite from Forge Is -
lands is 54 ±2 Ma (Rex, 1976) and Rb-Sr dat ing of the North
Bar chans Is land rocks yielded an age of 70 Ma (Flem ing and
Thomson, 1979). The K-Ar min eral ra dio met ric age from the
Ana gram Is lands is 58 Ma (Flem ing and Thomson, 1979), and
the Rb-Sr age is 55 ±3 Ma. Re cent 39Ar/40Ar dat ing of bi o tite
from quartz-diorite of the South Bar chans Is land yielded an age 
of 60.9 ±0.1 Ma (Gladkochub et al., 2009). 

Diorites, quartz-diorites and granodiorites were sam pled in
the west ern part of Wiencke Is land lo cated 50 km to the NE of
the Ar gen tine Is lands (Fig. 1C). The K-Ar ra dio met ric ages
from quartz-diorite (bi o tite and hornblende) from Goudier Is -
land, Port Lockroy, fall in the time in ter val 48–51 Ma (Rex,
1976; Ta ble 1). 

PALAEOMAGNETIC METHODOLOGY

A rep re sen ta tive col lec tion of rocks was sam pled dur ing
sev eral Ukrai nian Ant arc tic sea son ex pe di tions. About 360 ori -
ented sam ples were drilled or col lected as hand sam ples both
on the west ern coast of the AP and on the ad join ing is lands.
The sampling of each site cov ered the max i mum ac ces si ble
(ice-free) area. All sam ples were col lected from blocky, solid
and rel a tively un al tered in tru sions and par tially from
comagmatic dykes thus max i miz ing the suit abil ity of rocks for
palaeomagnetic ex per i ments. 

The nat u ral remanent mag netisation (NRM) of sam ples is
typ i cally less than 1 A/m, which is too small to af fect the ori en -
ta tion with a mag netic com pass. A cor rec tion to the field mea -

sure ments has been made to off set the lo cal mag netic
declination of 16°E. 

The palaeomagnetic mea sure ments were car ried out in the
lab o ra tory of the In sti tute of Geo phys ics of the Na tional Acad -
emy of Sci ences of Ukraine in Kiev. The sam ples were cut into
stan dard cyl in ders or into cubes 20 mm in length. The spec i -
mens were stored in a mag net i cally shielded room. The vec tors
of char ac ter is tic remanent mag netisation (ChRM) were iso -
lated by both stepwise ther mal and al ter nat ing field (AF) de -
mag netisation. Stepwise ther mal de mag netisation of up to
600–610°C in 15–20 steps was car ried out us ing a MMTD80
oven. Af ter each heat ing step the sus cep ti bil ity at room tem per -
a ture was mea sured to mon i tor pos si ble min er al og i cal changes. 
A JR-6 spin ner mag ne tom e ter and MFK1 kappabridge were
used for mag netisation and sus cep ti bil ity mea sure ments, re -
spec tively. The hys ter esis loop pa ram e ters were mea sured by a
VSM mag ne tom e ter of the In sti tute of Geo phys ics, Pol ish
Acad emy of Sci ences. Some du pli cate spec i mens were sub -
jected to AF de mag netisation us ing a LDA-3A demagnetizer,
and these re sults were con sis tent with the ther mal de mag -
netisation data. Dur ing AF de mag netisation about 70–90% of
the ini tial in ten sity of NRM was re moved in a field of less than
50 mT, which is char ac ter is tic of low-me dium coercivities of
mag netic car ri ers, likely mag ne tite or titanomagnetite. 

The mag netic min er al ogy ex per i ments and mag netic prop -
er ties of sam ples are de scribed in Shcherbakova et al. (2009).
Thermomagnetic curves Is(T) ex hibit good ther mal sta bil ity of
those ferrimagnetic min er als with Cu rie tem per a tures of
570–590°C (Fig. 2A). These data in di cate that the min eral is
mag ne tite or (and) Ti-poor mag ne tite. Most of the sam ples
dem on strate a good sim i lar ity be tween the NRM(T) and
TRM(T) thermomagnetic curves over a wide tem per a ture
range (Fig. 2B) which con firms the ther mal sta bil ity of the fer -
ro mag netic min er als within the sam ples and strength ens the ar -
gu ment that the NRMs are TRMs. 

In or der to as sess the mag netic hard ness and min er al ogy of
the sam ples, hys ter esis loop pa ram e ters, such as co er cive force
Hc, remanent co er cive force Hcr, sat u ra tion mag net is ation Is and 
remanent sat u ra tion mag net is ation, Irs were ana lysed. The ra -
tios Irs/Is and Hcr/Hc are plot ted on a Day plot (Day et al., 1977)
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Fig. 2A – thermomagnetisation curve Is(T)/Is0
(T); B – con tin u ous ther mal de mag netisation curves of NRM(T) (solid line), TRM(T) ac quired in 

Hlab = 20 mT (dashed line) for rep re sen ta tive sam ple: the curves are nor mal ized to the cor re spond ing NRM value (Shcherbakova et al., 2009);
C – day plots for sam ples from the west ern coast of the AP (solid cir cles) and neigh bour ing is lands (open cir cles)



and fall in ei ther the MD or PSD band: Irs/Is = 0.015–0.23,
Hcr/Hc = 2–10, which sug gests the pres ence of both rel a tively
fine and coarse mag netic grains (Fig. 2C).

The mi cro scopic anal y sis con firmed the pres ence of mag -
ne tite as the main mag netic car rier and re vealed the ex is tence
of a large fer ro mag netic grain to gether with rel a tively small
mag ne tite grains dis persed in the sil i cate ma trix (Shcherbakova 
et al., 2009). Re sults of en ergy dispersive X-ray (EDX) anal y -
sis car ried out for these grains showed the pres ence of
near-mag ne tite/near-il men ite inter growths to gether with the
pres ence of near-mag ne tite PSD size grains. This is ad di tional
ev i dence that the NRM of such the grains is pri mary, is of
thermoremanent or i gin and that the car ri ers of NRM are pre -
dom i nantly SD-PSD grains. The most likely ex pla na tion of
both thermomagnetic and elec tron-mi cro scopic ob ser va tions
are that the main car ri ers of TRM be long to the small SD-PSD
frac tion whereas the grains re spon si ble for the hys ter esis prop -
er ties (Irs/Is and Hcr/Hc ra tios) re flect the pres ence of coarse
grains (Shcherbakova et al., 2009). 

Re sults of mag netic mea sure ments were pro cessed with the 
Remasoft 3.0 pro gram (Chadima and Hrouda, 2006). The
ChRM vec tor of each spec i men was de ter mined us ing the
least-squares method (Kirschvink, 1980). The palaeodirections 
of iso lated com po nents ob tained  were con sid ered as mean ing -
ful if they have been de fined by three or more col lin ear de mag -
netisation steps with a max i mum an gu lar de vi a tion of less
then 5°. The high sta bil ity lin ear seg ments were con verg ing to -
ward the or i gin. 

PALAEOMAGNETIC RESULTS

WESTERN COAST OF ANTARCTIC PENINSULA

Cape Tuxen and De liv er ance Point. Early palaeomag -
netic stud ies of these rocks de ter mined the NRM di rec tions as
D = 9°, I = –77° (mean of 8 sam ples from Cape Tuxen area;
Blundell, 1962) and as D = 4.7°, I = –75.2° (mean of three sites
of granodiorite and three sites of gab bros; Grunow, 1993).

Along the coast line of the AP we col lected gab bros on the
NW prom i nent point of Cape Tuxen, granodiorites on the south 
coast of Waddington Bay (three kilo metres to south-east from
Cape Tuxen) and granodiorites of De liv er ance Point (three
kilo metres to the south along the sea coast). Palaeomagnetic
study of these rocks re vealed mainly a sin gle N-po lar ity com -
po nent of NRM both in gab bro and granodiorite sam ples, and
some sam ples are char ac ter ized by a sec ond com po nent of be -
tween 100–350°C (Fig. 3A). The Cape Tuxen site di rec tion
(D = 2.8°, I = –79.1°) is in agree ment with the data re ported by
Blundell (1962) and Grunow (1993). The other two sites have
sim i lar in cli na tions, but a small de vi a tion of dec li na tions (the
Waddington Bay granodiorite is D = 13.2°, I = –76.4°;
granodiorites from De liv er ance Point yield D = 28.5°, I =
–77.5°; Ta ble 2).

Moot Point. Pre vi ous re search by (Grunow, 1993) sug gest
two dis tinct com po nents of NRM from the diorites. The mean
di rec tion of the A-com po nent, ob tained from five sites, had D = 
23.8° and I = –71.2°. In some diorite sam ples, a sec ond,

B-com po nent of NRM, was iso lated (13 sam ples, D = 297.2°,
I = –76.3°).

Our sam pling was made on the coast area of the prom on -
tory of the AP (diorite) and on the west ern part of the big gest
un named is land lo cated sev eral hun dred metres op po site to the
prom on tory (granodiorite and subvertical mafic dyke in cen tral
part of is land). In our ex per i ments the de mag neti sa tion curves
were sim i lar to the data from Cape Tuxen area and only one
N-po lar ity com po nent of NRM in diorite and granodiorite sam -
ples (D = 12.6°, I = –69.6° and D = 39.0°, I = –63.8°, re spec -
tively) has been re vealed (Ta ble 2). The mean di rec tion of the
diorite is close to the A-com po nent ob tained by Grunow
(1993), but granodiorite sam ples are char ac ter ized by scat ter -

ing a95
 = 14.3 and dis play about a 26° dif fer ence in dec li na tion

rel a tive to diorites from the main land. Two sam ples from the
mafic dyke also show the N-po lar ity com po nent but they were
not in cluded in the sta tis tics. 

Ras mus sen Hut and Ras mus sen Is land. Stepwise ther -
mal de mag netisation per formed on these rocks by Grunow
(1993), in di cated a sin gle com po nent NRM for both the gran ite
and mafic dykes from Ras mus sen Is land with a mean di rec tion
of D = 14.4°, I = –72.1° from five sites.

For the pur pose of this work granodiorite and diabase dykes 
from the head land near Ras mus sen Hut (sam pling area about

100 ´ 100 m) and two subparallel mafic dykes on Ras mus sen
Is land were sam pled. Our re sults from gab bro and two
subvertical mafic dykes of Ras mus sen Is land con firm the pres -
ence of one nor mal po lar ity com po nent both in the gab bro (D =
301.9°, I = –81.4°) and in dykes (D = 339.8°, I = –82.3°;
Fig. 3B). The re sults from granodiorites + dykes and pink gran -
ite near Ras mus sen Hut area also show a N-po lar ity com po nent 
with mean di rec tions (D = 21.9°, I = –76.1° and D = 15.6°, I =
–71.2°) which is close to above-men tioned de ter mi na tion by
Grunow (1993). The pink gran ite sam ples are char ac ter ized by

more scat tered di rec tions within the site (a95 = 12.7) than the
gab bro.

Scott Mount area. A sin gle N-po lar ity com po nent of
NRM was de tected in Duseberg But tress diorites (D = 31.5°, I
= –67.2°). The gab bros from Gi rard Bay also have a sin gle
N-po lar ity com po nent with di rec tion D = 53.4°, I = –65.1°
which is slightly dif fer ent than in other sites (see Ta ble 2) and
prob a bly due to lo cal tec ton ics (over lap ping pyroclastic rocks
have tilted lay ers with dips to NE and NW). The bed ding cor -
rec tion here is un clear as we do not know whether the gab bros
in truded af ter or be fore the de for ma tion of the area. The ba salt
sam ples from the bot tom of Scott Mount show the scat ter di rec -
tions, but a sta ble N-po lar ity com po nent has been iso lated from
7 sam ples with D = 31.5°, I = –75.6° which is close to the di rec -
tion of Duseberg But tress diorites.

NEIGHBOURING ISLANDS

Petermann Is land. The sam pling area stretches about
800 m along the coast line in the NNW part. Two dis tinct com -
po nents of NRM were de ter mined in gab bro and quartz-diorite
sam ples. The nor mal po lar ity com po nent with D = 6.7°, I =
–67.9° cor re sponds to the block ing tem per a ture in ter val of
200–400°C (fur ther in ter me di ate-tem per a ture com po nent
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Fig. 3. Ex am ples of typ i cal ther mal de mag ne ti sa tion curves of spec i mens from the west ern coast of the Ant arc tic Pen in sula (A–B) 
and ad ja cent is lands (C–H)

 The NRM in ten sity de cay curve (left), or thogo nal plot (right) and ste reo graphic pro jec tions (for two sam ples) are shown. Open cir cles (solid cir cles)
on the or thogo nal di a grams are pro jec tions on the ver ti cal (hor i zon tal) planes at the in di cated lev els of ther mal clean ing
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No. Site Sam ples Li thol ogy NRM
[A/m]

Com -
po -
nent

n/N D [°] I [°] K a95[°]
VGP

Lat.°S

VGP

Long.°E

Com -
po -
nent

po lar -
ity

Cape Tuxen and De liv er ance Point

1
Cape Tuxen
(64.11°W
65.27°S)

140–153

A23–A27
gab bro

0.8–4.7

2.5
15/19 2.8 –79.1 128 3.4 86.1 280.6 N

2
De liv er ance Point

(64.08°W
65.31°S)

84–94 granodiorite
0.3–0.5

0.4
13/13 28.5 –77.5 161 3.3 78.3 222.5 N

3
Waddington Bay

(64.05°W
65.29°S)

96–101

105–106
granodiorite

0.1–0.7

0.4
8/8 13.2 –76.4 307 3.2 84.3 201.5 N

Moot Point  (64.07°W, 65.2°S)

4
   Moot Point

(main land)

53–60

10/154–10/161

10/223–10/246

diorite
0.07–1.0

0.2
20/22 12.6 –69.6 53 4.5 76.6 150.2 N

5
Moot Point

(is land)

41–45

50–52
granodiorite

0.05–0.6

0.3
5/8 39.0 –63.8 30 14.3 61.1 182 N

Rasmussen Hut and Ras mus sen Is land   (64.07°W, 65.25°S)

6
Rasmussen

Is land
A28–A37 diabase

(dyke)
0.08–2.8

1.06
10/10 339.8 –82.3 151 3.9

78.3 322.2
N

6’
Rasmussen

Is land
10/072–10/085

gab bro 0.6–3.0

1.6
7/13 301.9 –81.4 163 4.7 69.0 338.9 N

7
Rasmussen

Hut

021–035

154–157

granodiorite
+ diabase

(dyke)

0.3–1.0

0.6

2.6–11.2

5.4

18/20 21.9 –76.1 283 2.1 80.4 206.3 N

7’
Rasmussen

Hut

10/117–10/126

10/148–10/154
pink gran ite

0.005–0.1

0.05
13/16 15.6 –71.2 12 12.7 76.0 158 N

Scott Mount area

8
Duseberg But tress 

(64.1°W
65.16°S)

131–137 diorite
0.5–0.9

0.7
6/7 31.5 –67.2 336 3.7 67.7 178.2 N

9
Mount Scott

(64.08°W
65.16°S)

10/253–10/266 ba salt
0.006–0.5

0.05
7/17 31.5 –75.6 334 3.2 76.1 210.8 N

10 Gi rard Bay
(64.0°W, 65.13°S) 158–165 gab bro

0.3–2.0

1.1
8/8 53.4 –65.1 496 2.5 56.7 199.8 N

Petermann Is land (64.15°W, 65.17°S)

11 Petermann Is land

107–120

A38–A45

938–942

gab bro

+

 quartz-

diorite

0.2–6.0

1.7

0.02–0.07

0.03

HTC 27/27 154.4 76.3 156 2.2 79.0 20.5 R

11’

107–120

A38–A45

941,942

gab bro ITC 19/27 6.7 –67.9 22.8 7.2
75.3

132.8 N

11’’
933–937

10/133–10/147
granodiorite ITC 7/20 350.3 –73.6 15 16.1 N

Berthelot Is lands (64.13°W, 65.33°S)

12 Berthelot Is lands
16–20

A58–A64
gab bro

0.2–1.0

0.5
12/12 359.9 –76.2 184.7 3.2 88.5 114.3 N

13 001–015 granodiorite
0.06-0.3

0.16
13/14 9.2 –78.4 55 5.6 85.7 242.4 N

Ar gen tine Is lands Ar chi pel ago (64.25°W, 65.25°S)

14
The Bar chans

(64.32°W
65.23S

38–40

835–856
granodiorite

0.04–0.4

0.17
HTC 22/24 151.1 81.8 102 3.1 76.9 332.1 R

14’ ITC 12/24 334.7 –81.4 34 7.6 78.2 332.7 N

T a  b l e  2

Site-mean palaeomagnetic di rec tions and sta tis ti cal pa ram e ters



ITC), but the high tem per a ture in ter val 450–580°C shows a re -
verse po lar ity com po nent (fur ther high tem per a ture com po nent 
HTC) with mean di rec tion D = 154.4°, I = 76.3 (Fig. 3C). This
high tem per a ture re verse po lar ity com po nent is clearly dis tin -
guished in all sam ples in ves ti gated be tween 450–600°C, go ing
through the or i gin in the di a grams (Fig. 3D). Three
quartz-diorite sam ples showed the same be hav ior of the de -
mag neti sa tion curve with a HTC and they are in cluded in the
sta tis tics (Ta ble 2). 

The granodiorite sam ples from the cen tral to the east ern
part of the is land are char ac ter ized by un sta ble remanence and a 
scat ter of di rec tions dur ing the heat ing. Only from a few sam -
ples can we iso late the ITC N-po lar ity com po nent de cay ing be -
tween 200–400°C (Fig. 3E), whereas the HTC could not be
dis tin guished be cause of a large spread of di rec tions be tween
neigh bor ing steps of de mag neti sa tion. This HTC R-po lar ity
com po nent was iso lated in the four granodiorite sam ples from
the west ern part of Hovgaard Is land (one km north from
Petermann Is land) with mean di rec tion D = 255.4°, I = 76.1°

and a95
 = 14.5 (it is not in cluded in Ta ble 2).

Berthelot Is lands. The sam pling area cov ers 50 ´ 300 m
on the NE part of the larg est is land. Sin gle N-po lar ity com po -
nents were iso lated in both gab bros and granodiorites with
mean di rec tions D = 359.9°, I = –76.2° and D = 9.2°, I = –78.4°, 
re spec tively (Ta ble 2), are close to the mean palaeodirection

(D = 358°, I = –72°) ob tained from 8 gab bro sam ples by
Blundell (1962).

Ar gen tine Is lands Ar chi pel ago. The sam ples were taken
on the three larg est Bar chans Is lands (granodiorites), on the
two larg est is lands of the Ana gram Is lands Ar chi pel ago (gab -
bros) and on the three is lands (Leop ard, Black, Win ter) in the
south ern part of the ar chi pel ago. 

Palaeomagnetic data from the Bar chans Is lands, ex cept for
a vis cous com po nent, re vealed the two-com po nent NRM with
the shape of de mag netisation curves very sim i lar to those from
Petermann Is land. The nor mal po lar ity ITC with block ing tem -
per a tures of be tween 200–400–500°C has D = 334.7° and I =
–81.4°. The HTC is re versed with D = 151.1°, I = 81.8°. This
di rec tion is close to val ues found by Blundell (1962) from 12
quartz-diorite sam ples from the same area (D = 144°, I = 82°). 

The gab bros from the Ana gram Is lands (Nob Is land and an
un named mid dle is land) have a sin gle sta ble com po nent of
NRM (Fig. 3F) of R-po lar ity with mean di rec tion D = 176.3°
and I = 78.0°, which is close to the HTC de ter mined in the Bar -
chans granodiorites. Some sam ples from Nob Is land are char -
ac ter ized by high val ues of NRM (about 10 Am–1) which are
as so ci ated with a high con tent of mag ne tite (up to 30%) in these 
rocks (Bakhmutov et al., 2009).

The is lands on the south of ar chi pel ago are com posed
mainly of por phy ritic andesites. We com bine the data from
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No. Site Sam ples Li thol ogy NRM
[A/m]

Com -
po -
nent

n/N D [°] I [°] K a95[°]
VGP

Lat.°S

VGP

Long.°E

Com -
po -
nent

po lar -
ity

15
Ana gram Is lands

(64.32°W
65.2°S)

A51–A57

10/186–10/193 
10/164–10/171

gab bro
1.5–12.0

3.4
22/24 176.3 78.0 195 2.2 87.6 333.1 R

16 Leop ard, Black,
Win ter Is lands

AO105–108,
AO506–520,
AO545–551 

por phy ritic
andesites

0.03–1.2

0.1
HTC 16/25 186.5 79.4 55 5.0 85.1 267.8 R

16’ ITC 14/25 8.9 –66.1 13 11.7 72.5 135.6 N

Roca Is lands and Cruls Islands (64.48°W, 65.19°S)

17
Roca Is lands

(64.48°W
65.19°S)

61–72 granodiorite
0.05–0.5

0.26
HTC 8/10 180.0 83.7 91.5 5.8 77.6 295.5 R

17’ ITC 7/10 27.8 –72.5 6.2 26.4 75.0 170.8 N

18
Cruls Is lands

(64.53°W
65.18°S)

A46–A50 diabase
(dyke)

0.1–1.1

0.4
HTC 5/5 358.1 62.0 7 30.6 R

18’ ITC 5/5 324.2 –75.7 16 19.6 N

19
Cruls Is lands

(64.54°W
65.19°S)

10/099–10/111 gab bro
0.4–0.9

0.6
HTC 12/14 167.3 77.0  28 8.3 84.7 18.3 R

19’ ITC 4/14 334.5 –80.1 10 31.8 N

20
Cruls Is lands

(64.54°W
65.19°S)

071–083 granodiorite
0.01–0.2

0.06
5/12 187.9 82.9  35 13.2 78.9 284.5 R

Port Lockroy (63.5°W, 64.83°S) Wiencke Is land

21 Port Lockroy 167–180 granodiorite
0.1–8.0

1.7
9/12 219.5 84.3 338 2.8 72.1 272.6 R

No – num ber of site in ac cor dance with Fig ure 4; ITC– in ter me di ate tem per a ture com po nent; HTC – high tem per a ture com po nent; NRM – di a pa son (un der -
lined) and mean nat u ral remanent mag net is ation; n/N – num ber of sam ples used for site mean cal cu la tion/to tal num ber of sam ples;   D – dec li na tion, I – in cli -

na tion;  a95 – ra dius of 95% con fi dence cone around mean di rec tion; K – es ti mate of pre ci sion pa ram e ter; VGP Lat., Long. – lat i tude and lon gi tude of
palaeopoles; po lar ity: N – nor mal, R – re versed

Tab. 2 cont.



Leop ard, Black and Win ter Is lands to one site be cause there are 
not enough sam ples for sta tis tics from each is land and we have
no di rect age de ter mi na tion from these rocks. Tak ing into ac -
count the above-men tioned ages of the Ar gen tine Is lands the
por phy ritic andesites may be re ferred to the Paleocene. The
palaeomagnetic re sults in di cate the ITC N-po lar ity and HTC
R-po lar ity com po nents with di rec tions of D = 8.9°, I = –66.1°
and D = 186.5°, I = 79.4° re spec tively (Fig. 3G).

Roca and Cruls Is lands. A few km to the NW of the Ar -
gen tine Is lands Ar chi pel ago, two groups of is lands named
Roca and Cruls were se lected for palaeomagnetic sam pling.

The rocks are rep re sented by gab bros and granodiorites with
comagmatic dykes. There are no di rect age de ter mi na tions
here, but the age con sid er ing the geo log i cal back ground of the
re gion should be Paleocene. 

The ITC N-po lar ity and HTC R-po lar ity com po nents have
been iso lated in granodiorite sam ples from the Roca Is lands and
gab bro and diabase (dyke) sam ples from Cruls Is lands (Ta ble 2). 
Only a few sam ples from the granodiorite of the Cruls Is lands are 
char ac ter ized by sta ble remanence (Fig. 3H). The sam ples from a 
diabase dyke and a large num ber of granodiorite sam ples from
Cruls Is lands are char ac ter ized by scat tered palaeomagnetic di -
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Fig. 4A – ste reo graphic pro jec tions of line-fit palaeomagnetic di rec tions of spec i mens of HTC-com po nents

The num bers of sites are cor re sponds to N in Ta ble 2; open (close) sym bols de note up ward (down ward) point ing in cli na tions;



rec tions dur ing stepwise de mag neti sa tion that do not al low in -
clu sion of this data into the sta tis tics.

Wiencke Is land (Port Lockroy). The sam pling was per -
formed along the sea coast of the prom on tory op po site the old
Brit ish base Port Lockroy. All sam ples show only sin gle R-po lar -
ity com po nents with a mean di rec tion of  D = 219.5°, I = 84.3°.

DISCUSSION 

Site co or di nates and site-mean di rec tions, with the as so ci -
ated sta tis ti cal pa ram e ters for all rocks in ves ti gated are shown
in Fig ure 4A and B and are listed in Ta ble 2.

The re sults of ther mal de mag neti sa tion of gab broid sam ples 
showed pro nounced de cay of the remanence be tween about
540°C and 590°C and a sin gle ChRM com po nent of nor mal
(Fig. 3B) or re versed (Fig. 3D, F) po lar ity. Most of the gab broid 
sites dis play be hav iour of de mag neti sa tion curves in a sim i lar
fash ion, like those of Fig ure 3D and F. Some sam ples have
small or no over print magnetisations that may have been in tro -
duced by re cent growth of a vis cous remanence (re moved by
150–200°C heat ing; Fig. 3C). Other sam ples shown nearly
univectorial de cay but two phases on the de mag neti sa tion
curves, one set un block ing around 350–500°C and an other un -
block ing in the in ter val 540–590°C (Fig. 3H). 
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from the ig ne ous rocks stud ied from the Ant arc tic Pen in sula coast; B – HTC- and ITC-com po nents from neigh bour ing is lands

dashed cir cles are the ra dius of the 95% con fi dence cone of mean di rec tions



The granodiorites usu ally have rel a tively low val ues of
mag netic sus cep ti bil ity and NRM in ten sity and are char ac ter -
ized by more scat tered di rec tions in com par i son to the gab bros

(com pare a95 in Ta ble 2). The ChRM are char ac ter ized by both
nor mal and re versed po lar i ties. De mag neti sa tion curves and
or thogo nal plots show mainly a sin gle com po nent of
remanence (HTC), but some sam ples re veal the pres ence of an
ITC with the same di rec tions as the HTC (Fig. 3A). From some
sam ples the HTC could not be iso lated (Fig. 3E); in some sam -
ples we could not dis tin guish any di rec tions of remanence be -
cause of a wide scat ter be tween neigh bour ing steps of de mag -
neti sa tion. The granodiorites site means and sta tis tic pa ram e -
ters (Ta ble 2 and Fig. 4) show di rec tions sim i lar to those for the
gab bros, but with a larger scat ter of data within the site. 

Sum ma riz ing this short re view of mag netic min er al ogy we
un der line that the dom i nant min eral in the rocks stud ied is the
mag ne tite and the main car rier of the NRM is the small
SD-PSD frac tion with an un block ing tem per a ture of
540–590°C. There is no ev i dence for remagnetisation of these
rocks. The mag netisation is mainly pri mary. The same
palaeomagnetic di rec tions have been iso lated from dif fer ent
types of rocks (gab bros, diorites, granodiorites, por phy ritic
andesites and diabases).

Most of the our palaeomagnetic re sults cor re spond to two
main age groups: one yield ing ages 84–117 Ma and the other of 
about 60 ±10 Ma (Ta ble 1). The rocks sam pled along the AP
coast (Fig. 5A) be long to the Cre ta ceous Nor mal Superchron
(CNS). Here all the sam ples are char ac ter ized by a sin gle com -
po nent of mag net is ation clearly ob served af ter re moval of a
small soft com po nent which is likely of vis cous or i gin. The

mean palaeodirections (Ta ble 2 and Fig. 4A) lie close to the
data re ported pre vi ously (Blundell, 1962; Grunow, 1993).
Thus, it is likely that the pri mary NRM of these rocks cor re -
sponds to the same time in ter val be tween 117–84 Ma. 

For the sites col lected on the is lands, ra dio met ric dat ing
pro vided ages of 50–73 Ma (an ex cep tion is Petermann Is land), 
which are out side of the CNS. Their ChRM vec tors are of both
N-po lar ity (Berthelot Is lands, 73 Ma) and R-po lar ity (other is -
lands) with mean di rec tion of D = 176.4°; I = 80.1° (Fig. 5B). 

Com bin ing the ages and po lar i ties we can con clude that
they agree with the geo mag netic po lar ity time scale (GPTS)
(Gradstein et al., 2004) with the ex cep tion of the Petermann Is -
land re sults. De spite two ra dio met ric ages (93 Ma by Rb-Sr and 
96 Ma by U-Pb), the ChRM of the gab bro sam ples are char ac -
ter ized by a sin gle com po nent HTC of R-po lar ity (ex am ple on
Fig. 3D) while some sam ples also have an ITC N-po lar ity com -
po nent (ex am ple on Fig. 3E). The di rec tions of these com po -
nents are co in ci dent with the di rec tions of HTC and ITC com -
po nents from other sites. This fact may be ex plained via dif fer -
ent hy poth e ses. We are not ex clud ing: (a) the self-re ver sal phe -
nom e non of the NRM in these sam ples; (b) a short event of re -
versed po lar ity in side the CNS (cf. Gradstein et al., 2004); (c)
com plete re-mag net is ation of the NRM at some time youn ger
than the CNS (due to a later granodiorite in tru sion); (d) the
U/Pb zir con crys tal li za tion ages ob tained for mag matic rocks in 
the area stud ied that pre cedes the ChRM by mil lions of years.

We do not have any data which con firm sce nario (a). With
sce nario (b) we sug gest that the NRM is in deed the pri mary
TRM but that the rocks were gen er ated dur ing a short pe riod of
re verse po lar ity which is missed in the con tem po rary geo mag -
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Fig. 5. Site mean di rec tions with a95 ob tained from gab bros (cir cles), granitoids (rhombs) and bas alts (squares)

A – di rec tions of high tem per a ture com po nents of NRM for sites of Late Cre ta ceous age; B – the same for the Paleocene sites; C – di rec tions of the low tem -
per a ture ITC-com po nent; the num bers near the sym bols in di cate the site iden ti fi ca tion num ber as shown in Ta ble 2; granitoids num bers are given in italic,

a95 for gab bros (granitoids) are given by con tin u ous (dashed) cir cles; open (solid) sym bols cor re spond to pro jec tion onto the up per (lower) hemi sphere



netic po lar ity time scales. For this rea son we will sus tain this data 
in our fu ture anal y sis though un der line once more that the re sults 
may be sub ject to doubt. Sce nario (c) seems un likely be cause
there is no ev i dence of al ter ation in gab bros. As re gards sce nario
(d), the re cent re sults from the Petermann Is land granitoids
(Guenthner et al., 2010) in di cate than the low-tem per a ture
thermochronology data is at least 50 mil lion years youn ger then
the 93–96 Ma ages re ported above. The zir con (U-Th)/He (zir -
con He) with a clo sure tem per a ture of about 170–200°C and zir -
con fis sion track (zir con FT) data with a clo sure tem per a ture of
about 220–260°C show ages of 42.8 ±0.9 and a 35.6 ±4.2 Ma re -
spec tively and long-term cool ing phase with mod er ate rates
(~3°C/Ma) from 40 to 10 Ma (Guenthner et al., 2010). Nev er -
the less, we re tain the re sults in the Ta ble 3 con sid er ing that the
age of these rocks is youn ger than the CNS.

The mean palaeomagnetic di rec tion from sites along the
Ant arc tic Pen in sula coast line (N = 12, D = 22.9°, I = –75.0°,
Ta ble 3, Fig. 5A) have a slightly dif fer ent dec li na tion in com -
par i son with those re ported by Grunow (1993) for the mean di -
rec tion of 6 sites (Cape Tuxen and De liv er ance Point, D = 4.7°,
I = –75.2°) and by Poblete et al. (2011), ob tained for ig ne ous
rocks of the same ages from the Gerlache Strait area (D = 3.3°,
I = –74.9°).

The mean palaeomagnetic pole cal cu lated for these sites
(79.3°S, 197.9°E) has been com pared with pre vi ous data from
this area (Grunow, 1993; Poblete et al., 2011) and with a syn -
thetic ap par ent po lar wan der path (APWP) for East Antarctica
(Fig. 6A; Besse and Courtillot, 2002; Torsvik et al., 2008).
These two up dated curves were de rived from a global com pi la -
tion of the palaeomagnetic poles from dif fer ent plates with dif -
fer ent sea-floor spread ing his to ries. There are slight dif fer ences 
be tween both APWPs for the last 140 Ma, in par tic u lar from 90 
to 70 Ma – coun ter clock wise loop (Besse and Courtillot, 2002)
con trast ing with di rect drift (Torsvik et al., 2008). Un for tu -
nately, there is no palaeomagnetic data avail able di rectly for
East Antarctica for the Late Cre ta ceous-Paleocene and the
shape of this part of curve is not clear.

Our new pole for 117–84 Ma is close to the ref er ence for
the APWP 110 Ma time in ter val (Besse and Courtillot, 2002;
Torsvik et al., 2008; Fig. 6A), but de parts slightly from the
APWP of 112, 100 and 90 Ma re ported for the Ant arc tic Pen in -
sula by Poblete et al. (2011; Fig. 6B). 

Grunow (1993) save palaeomagnetic re sults from in tru sive
rocks at Cape Tuxen, Moot Point and Ras mus sen Is land which
were dated re spec tively at 85, 107 and 117 Ma. Our high-pre ci -
sion palaeomagnetic data are from the same points. We com -
bined the re sults from these three points (mean di rec tions from
ta ble 2 in Grunow, 1993) with our new data from the same
points to pro vide mean poles for 117–107 Ma (as signed age
112 Ma on the Fig. 6B) and 85 Ma (Fig. 6B and Ta ble 3). These 
well-dated two palaeomagnetic poles (81.5°S, 183.2°E and
85.6°S, 207.4°E re spec tively) are close to each other (over lap -
ping at a95 con fi dence lev els). If we com pare these poles with
the APWP for East Antarctica given by Torsvik et al. (2008),
ex actly the same pole po si tion of the ref er ence APWP be tween
110–100 Ma (lag in age be tween our data and ref er ence APWP
is about 7 Ma) and of 100 Ma (lag is about 15 Ma) can be rec -
og nized. This lag can be at trib uted to the dif fer ence be tween
the clo sure tem per a ture of the U-Pb sys tem in zir con (about
900°C) and the block ing tem per a tures range of the HTC com -
po nent in the in ter val 540–590°C.

The mean palaeomagnetic di rec tions of the HTC- and
ITC-com po nents from the is lands (Fig. 5B, C) and mean po si -
tions of palaeopoles are given in Ta ble 3. Tak ing into ac count a
wide spread of geo chron ol ogi cal ages of Paleocene sites from
the is lands we as signed a mean age of 60 Ma for the ChRM
HTC-com po nent. This palaeomagnetic pole (Fig. 6B) fits well
to the APWP given by Torsvik et al. (2008) in the time in ter val
50–30 Ma, but de parts slightly from the Paleocene poles re -
ported by Nawrocki et al. (2010) and from the com bined
palaeomagnetic pole for 60 Ma re ported by Poblete et al.
(2011) for the South Shet land Is lands. This de par ture has a
com mon di rec tion and mag ni tude of about 12–16°. 

Most of the Ce no zoic palaeomagnetic poles from West
Antarctica were iso lated from the is lands sur round ing the AP.
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Time in ter val
[Ma] Lo ca tion D [°] I [°] K a95 [°] N

Pole

Lat.°S

Pole

Long.°E
pole dp pole dm

Re sults with an at trib ute to Cre ta ceous age (this pa per)

84–117 Ant arc tic Pen in sula 
(Ta ble 2, N1-10) 22.9 –75.0 80 4.9 12 79.3 197.9 8.1 8.9

Re sults with an at trib ute to Cre ta ceous age, this pa per, com bined with data from Grunow (1993). 

107–117

(112)
(Ta ble 2, N4–7 and

Grunow, 1993) 16.3 –74.4 89 5.5 9 81.5 183.2 9.0 10.0

85 (Ta ble 2, N1–3 and
Grunow, 1993) 10.5 –76.8 665 3.0 5 85.6 207.4 5.5 5.7

Re sults with an at trib ute to Paleocene age (this pa per)

50–75 Is lands (Ta ble 2, N11–21,
HTC-com po nent) 176.4 80.1 351 2.6 10 83.4 307.6 4.7 5.0

50–75 Is lands (Ta ble 2, N112–1,
ITC-com po nent) 357.4 –74.9 96 6.2 7 86.2 263.3 10.3 11.3

Over all mean di rec tions of the gab bros and granodioritse col lec tions and palaeopoles with the semi-ma jor and semi-mi nor axes of the oval of 95% con fi -
dence (dm, dp); other ex pla na tions as in Ta ble 2

T a  b l e  3

Mean palaeodirections and palaeopoles 



The South Shet land Is lands palaeomagnetic data pro vided the
best qual ity Paleocene poles in the AP pub lished ear lier
(Dalziel et al., 1973; Watts et al., 1984; Grunow, 1993;
Nawrocki et al., 2010; Poblete et al., 2011). This data shows a
sim i lar coun ter clock wise ro ta tion with re spect to the ref er ence
APWP to that sug gested by Besse and Courtillot (2002) and
Torsvik et al. (2008). In ac cor dance to Nawrocki et al. (2010),
the ob served de par ture of palaeomagnetic poles re flects dis -
crete anticlockwise tec tonic ro ta tions of par tic u lar tec tonic
blocks of King George Is land that took place af ter the early
Eocene (ca. 50 Ma). 

Both of the Late Cre ta ceous and Paleocene groups of our
palaeomagnetic poles con firm that the AP has been at nearly at
the same high palaeolatitude dur ing the last 100 Ma as were re -
ported ear lier (Grunow, 1993; Nawrocki et al., 2010; Poblete et 
al., 2011). For the Paleocene poles the dif fer ence in dec li na tion 
be tween the north ern block (King George and neigh bour is -
lands) and our sites is ap par ent. Our Paleocene palaeopol lat i -
tude is about 4–8° up per that the co eval lat i tudes cal cu lated
from the South Shet land Is lands (Fig. 6B). There fore we can -
not ex clude the palaeomagnetically de tect able ro ta tion of the
South Shet land Is lands and in par tic u lar of King George Is land
as in ter preted by Nawrocki et al. (2010). 

The palaeomagnetic pole cal cu lated for the ITC-com po -
nent for is lands (86.2°S, 263.3°E; Ta ble 3) is close to the
APWP of Torsvik et al. (2008) for 10 Ma to the pres ent day and 
could be in ter preted as a re cent vis cous com po nent. 

The ob served in cli na tion at 112, 85 and 60 Ma are within 2° 
of the ex pected in cli na tion de ter mined from the syn thetic
APWP of Torsvik et al. (2008), Besse and Courtillot (2002)

and from our data con firm the lack of lat i tu di nal dis place ment
of the AP with re spect to East Antarctica. 

CONCLUSIONS

1. New palaeomagnetic data from the Late Cre ta -
ceous-Paleocene plutonic rocks of the AP batholith have been
obtained. The mag netisation of these rocks is mainly pri mary.
The same palaeomagnetic di rec tions have been iso lated from
vol ca nic and in tru sive rocks which have dif fer ent chem i cal
com po si tions (gab bros, diorites and quartz-diorites, tonalites,
gran ites, granodiorites, por phy ritic andesites, bas alts). Our data 
agree with pre vi ous palaeomagnetic de ter mi na tions
estabilished in this area. 

2. The rocks along the coast line of the west ern part of the
AP coast can be cor re lated with the Cre ta ceous Nor mal
Superchron while all the rocks from the is lands with re versed
po lar ity re flect the Paleocene geo mag netic field. 

3. Well-dated palaeomagnetic poles for the time in ter val
117–84 Ma (sub di vided into 112 Ma and 84 Ma) fit well to the
syn thetic APWP for East Antarctica (Torsvik et al., 2008) be -
ing lo cated be tween 110–100 Ma and close to the APWP of
112, 100 and 90 Ma re ported for the Ant arc tic Pen in sula by
Poblete et al. (2011). This con firms that the AP did not un dergo 
lat i tu di nal dis place ment for the last 100 Ma. 

4. A com mon char ac ter is tic di rec tion was ob tained from
Paleocene ig ne ous rocks, which sug gests a com mon or i gin of
their mag net is ation. The palaeomagnetic pole ob tained for
60 Ma fits well to the APWP of Torsvik et al. (2008), but
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Fig. 6A – ap par ent po lar wan der ing paths for East Antarctica from Torsvik et al. (2008; black dots) and Besse and Courtillot (2002; white

squares), and our palaeopoles for 117–84 Ma and 75–50 Ma (gray squares with a95 ovals);  B – vir tual geo mag netic poles ob tained in this
study for 112, 85 Ma (gray rhombs) and 60 Ma (gray squares)

Black cross (with ages) – palaeopoles ob tained at 112, 110 and 90 Ma for the Ant arc tic Pen in sula and 60 Ma for South Shet land Is lands by Pobleto et al.
(2011); open cir cles – palaeopoles ob tained for Point Thomas For ma tion and Znosko Gla cier For ma tion for South Shet land Is land (about 50 Ma) by

Nawrocki et al. (2010); all data are given with a95 ovals; the ref er ence poles at 110, 100, 90, 60 and 50 Ma (the same as on the Fig. 6A) are shown as black
cir cles



slightly de parts from the group of palaeomagnetic poles of the
AP, which have been ob tained mainly from the South Shet land
Block. This im plies that the South Shet land Is lands had theire
own tec tonic evo lu tion and prob a bly anticlockwise ro ta tion
caused by lo cal tec ton ics dur ing the Paleocene.

5. The in ter pre ta tion of age and the mag netic po lar ity of
rocks from Petermann Is land is still open. The sim plest ex pla -
na tion – an ep i sode of re verse po lar ity in CNS – is not suf fi -
cient. This phenomenon re quires ad di tional palaeomagnetic
and age determinations. 
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