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Vol ca nic rocks from the Lions Rump area, which are the base ment for a se quence of glaciomarine sed i ments of the Polonez Cove For ma -
tion, and lava flows from the Tur ret Point–Three Sis ters Point area were sam pled for thermogeochronological and palaeomagnetic
in ves ti ga tions. Gen er ally, andesitic lavas from King George Bay area con sist mainly of clinopyroxene (Ti-augite) orthopyroxene
(hyperstene) and plagioclase pheno crysts. The groundmass com prises mostly plagioclase laths, clinopyroxene, titanomagnetite and rare
orthopyroxene crys tals. How ever, the modal con tent, size, shape and dis tri bu tion of pheno crysts are vari able and spe cific for each sam -
ple. The Ar-Ar pla teaus ages cal cu lated for lavas from the Lions Rump area are very ho mog e nous and point to mid dle Eocene age
(Lutetian, ~44.5 Ma). The sim i lar and con sis tent ages for vol ca nic base ment for that area ex cluded the the sis about sep a rate tec tonic evo -
lu tion of the Warszawa and KrakÙw blocks at least since the mid dle Eocene. The lavas from Tur ret Point and Three Sis ter Point are youn -
ger and were emplaced dur ing the late Eocene (Bartonian/Priabonian: 37.3 ±0.4 Ma and Priabonian: 35.35 ±0.15 Ma, re spec tively). The
re sults of iso to pic in ves ti ga tions are con sis tent with mag netic po lar i ties of the rocks in di cat ing that the sam ples from the Lions Rump
area are co eval with the lower part of the C20 po lar ity chron whereas the sam ple from Tur ret Point can be cor re lated with the up per part of 
the C17 po lar ity chron.  
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INTRODUCTION

King George Is land is the larg est is land within the South
Shet land mag matic arc (Fig. 1A) that was formed af ter the
Gond wana break-up, dur ing the subduction of the Phoe nix
Plate be neath the Ant arc tic Plate be tween the lat est Ju ras sic or
ear li est Cre ta ceous and the mid dle Mio cene (Pankhurst and
Smellie, 1983; Willan and Kelley, 1999). The open ing of
Drake Pas sage be tween South Amer ica and the Ant arc tic Pen -
in sula started in the Eocene and con tin ued through the
Oligocene (Barker and Bur rell, 1977; Lawver et al., 1992;
Livermore et al., 2005). The ar chi pel ago was sep a rated from
the Ant arc tic Pen in sula dur ing the for ma tion of the Bransfield
Strait and the de vel op ing of a mar ginal ba sin pre sum ably in
Plio cene time (Barker, 1982; Barker and Dalziel, 1983).

The vol ca nic pro cesses on King George Is land are as so ci -
ated with Phenix Plate subduction, and are co eval with a tec -
tonic re ar range ment that ac com pa nied the open ing of Drake
Pas sage that took place be tween 50 and 20 Ma (Barker and

Bur rell, 1977; Lawver et al., 1992; Livermore et al., 2005). The 
old est known lava flows from King George Is land (Par a dise
Cove) are Up per Cre ta ceous in age (Birkenmajer et al., 1983;
Nawrocki et al., 2010).

The main aim of this study is to de ter mine the age of the
vol ca nic rocks from the King George Bay area, which oc cur as
the base ment for mid dle to late Oligocene glacioma rine sed i -
ments of the Polonez Cove For ma tion (Birkenmajer, 1982;
Troedson and Smellie, 2002). The age of lava flows from that
area is poorly con strained. Thus, the com bi na tion of
thermochronology (whole-rock 40Ar-39Ar dat ing) and
magnetostratigraphy meth ods was applied. 

GEOLOGY OF KING GEORGE BAY 
AND SAMPLING SITE

King George Is land is sub di vided into four ma jor
tectonostratigraphic units: the ax ial Barton Horst, the north ern



Fildes Block. the south ern Warszawa Block and the south ern -
most Kraków Block (Birkenmajer, 1983; Fig. 1B). The stud ied
vol ca nic rocks are ex posed in the south east ern part of the is land 
within the Warszawa and Kraków blocks (Fig. 1 B). 

The stra tig ra phy and field re la tion of lava flows from the
King George Bay area are un clear and very com pli cated
(Fig. 2). The Mazurek Point For ma tion (low est part of the
Cho pin Ridge Group, sensu Birkenmajer, 1981) is at trib uted
to the Kraków Block and oc curs in the south ern part of the

Kraków Pen in sula and be tween King George Bay and Sherrat 
Bay (Tur ret Point–Three Sis ter Point). The ba saltic and
andesitic lavas are the base ment for glaciomarine sed i ments
of the Polonez Cove For ma tion. Ad di tion ally, Birkenmajer
(1981) in tro duced a sep a rate unit – the Polonia Gla cier Group, 
for a se quence of vol ca nic rocks ex posed be tween the Lions
Rump and Polonia Gla cier (Warszawa Block; Fig. 2A), which 
is sub di vided into the Lions Cove For ma tion (lower part) and
Sukiennice Hills For ma tion (up per part). How ever, Troedson
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Fig. 1. Lo ca tion of the study area on King George Is land (South Shet land Is lands, north ern Ant arc tic Pen in sula)

A – lo ca tion of the King George Is land in the South Shet land Is lands; B – struc tural units of King George Is land (af ter Birkenmajer, 1983): EF 
– Ezcurra Fault; C – sites of iso to pic and palaeomagnetic stud ies on the back ground of a geo log i cal map of the Tur ret Point–Three Sis ters
Point area, King George Is land – com pi la tion of a top o graphic map of Pudełko (2008) and a geo log i cal map of Paulo and Tokarski (1982); D
– sites of iso to pic and palaeomagnetic stud ies on the back ground of a geo log i cal map of the Lions Rump area – com pi la tion of an un pub lished 
top o graphic map – ex tent of ice cover (2009) of Angiel (pers. comm.) and a sche matic geo log i cal map show ing ap prox i mate ex tent of ex po -
sures of the Polonez Cove For ma tion by Troedson and Smellie (2002)



and Smellie (2002), as well as pre vi ously Smellie et al.
(1984), do not di vide the vol ca nic se quence into two tec tonic
blocks (Kraków and Warszawa; Fig. 2B) and de scribed the
vol ca nic base ment of the Lions Rump area as the Hennequin
For ma tion which cor re sponds also to vol ca nic rocks oc cur -
ring in the Mount Wawel area (Ad mi ralty Bay). Troedson and 
Smellie (2002) iden ti fied the Polonez Cove For ma tion within
the new out crop – Godwin Cliff sec tion, which is lo cated to
the north-west of glaciomarine sed i ments de scribed by
Birkenmajer (1980, 1982) and by Porębski and Gradziński
(1987) and ex posed on the coast, south of the Lions Rump and 
at Mazurek Point.

The age of the vol ca nic for ma tions is still con tro ver sial.
Birkenmajer and Gaździcki (1986) sug gested a Late Cre ta -
ceous age (K-Ar method, ~74 Ma) for andesites of the Mazurek 
Point For ma tion, whereas Troedson and Smellie (2002), bas -
ing on whole-rock K-Ar age (42 ±0.5 Ma; Smellie et al., 1984)
and new un pub lished Ar-Ar ages, point out that the Mazurek
Point For ma tion is equiv a lent to the Eocene Hennequin For ma -
tion sensu Smellie et al. (1984). There are only whole-rock
K-Ar ages of 34.4 ±0.5 Ma for andesitic lavas from Tur ret
Point (Birkenmajer et al., 1989) sug gest ing a late Eocene age
of the ex tru sions.

The sam ples were col lected for in ves ti ga tions from two
ar eas lo cated on both shores of King George Bay. The fol low -
ing three ex po sures of lava flows were sam pled near the Lions 
Rump: 

– Pol ish Geo log i cal Sur vey Cliffs (PGS Cliffs)* (Fig. 3A
and B; sam ple PR-3): the new ex po sure (noted dur ing
2008/2009 sum mer sea son) is sit u ated to the north-west
of the Pol ish sea sonal ref uge. The best out crops, less al -
tered, are lo cated along the coast, where the mas sive,
steep cliffs (co lum nar jointed), over 30 m high and
about 200 m long, ap pear. The up per and north ern part
of the ex po sure is capped by an ice cover of the Polonia
Gla cier. The south west ern flank of the new out crop, sit -
u ated close to the Polonia Gla cier, is strongly al tered.
The rock is cut by veins and mi cro-veins infilled by hy -
dro ther mal min er als. Thus, the sam ple for iso to pic anal -
y sis, as well as for palaeomagnetic in ves ti ga tions was
cho sen from the north east ern part of the PGS Cliff (S
62°07.059, W 58°10.959; Figs. 1D and 3B);

– Godwin Cliffs (Fig. 3C; sam ple SK-1): The cliffs are lo -
cated in land – about three kilo metres to the west of the
Lions Rump (Fig. 1D). The sec tion was de tailed de -
scribed by Troedson and Smellie (2002), who di vided
the basal lava flows (Hennequin Fm.), the se quence of
glaciomarine sed i ments interbedded with lava flows
(Polonez Cove Fm.), and the lava flows of the Boy Point 
Fm. within the up per part of the sec tion. The sam ple
taken ex clu sively for iso to pic dat ing orig i nated from the 
first lava flow within the west ern part of the ex po sure;

– Batke Point (Fig. 3D; sam ple LR-3): the ex po sure is lo -
cated to the south of the Lions Rump (Fig. 1D). The
sam ple was taken from the first lava flow within the
Batke Point sec tion. The dark grey, fresh, co lum nar
andesitic lavas are cov ered by a se quence of tillite, ba -
saltic con glom er ate and sand stones of the Polonez Cove 
For ma tion (Birkenmajer, 1982). At the top of the ex po -
sure are por phy ritic lavas of the Boy Point For ma tion. 

The ex po sures sit u ated on the op po site coast of King
George Bay (Tur ret Point–Three Sis ters Point) were thor -
oughly sam pled. The se quence of vol ca nic rocks from the Tur -
ret Point area com prises five andesitic-ba saltic lava flows
which are cut by vol ca nic brec cias, dykes and a plug, whereas
the se quence from the Three Sis ters Point area con tains
andesitic lava flows interbedded with volcaniclastic rocks (ag -
glom er ate, tuff and tuffite), regolith and, within the up per most
part, with tillite (Paulo and Tokarski, 1982). We choose least
al tered, mas sive andesitic lava flows for iso to pic and
palaeomagnetic in ves ti ga tion from the following localities:

– Tur ret Point area: one sam ple (TR-8) was col lected for
anal y ses from the sec ond andesitic lava flows ex posed
near the cliffs at a small cove of Tur ret Point (Figs. 1C
and 3F).
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Fig. 2. Gen er al ized lithostratigraphy of vol ca nic and glacioma rine
sed i men tary rocks from King George Bay area (A) af ter Birkenmajer
(1982) and (B) af ter Troedson and Smellie (2002)

* we are in tro duc ing a new name for the out crop which has never been de scribed be fore



– Three Sis ters Point area (3S5): the andesitic lava flow
from the up per part of vol ca nic rocks (sensu Paulo and
Tokarski, 1982) was cho sen for anal y ses. The sam pled
ex po sure is lo cated at Three Kings Cove close to the
Zbyszko Gla cier (Figs. 1C and 3E).

PETROGRAPHY

Gen er ally, the dark grey andesitic lavas from the Lions
Rump area are mas sive and crys tal-rich rocks and dis play por -
phy ritic, rarely glomeroporphyric, intersertal (Godwin Cliff and

Batke Point) or inter gra nu lar (PGS Cliffs) tex ture. The rocks are
char ac ter ized by a very sim i lar min eral paragenesis in a dif fer ent
pro por tion. The modal con tent, size, shape and dis tri bu tion of
pheno crysts are vari able and spe cific for each sam ple. The lava
flows from the Lions Rump area con tain plagioclase,
clinopyroxene (Ti-augite) and orthopyroxene (hyperstene)
pheno crysts (Fig. 4A and B) that may even ex ceed 6–7 mm
length. The groundmass con tains plagioclase and spo rad i cally
clinopyroxene, orthopyroxene, titanomagnetite, ap a tite crys tals
and, rarely, glass. Plagioclase crys tals oc cur as euhedral and
subhedral pheno crysts, which spo rad i cally form glomerocrysts
(Fig. 4F), and as small (less than 0.3 mm in length), decussate

326 Magdalena Pańczyk and Jerzy Nawrocki

Fig. 3. Photo im ages of sam pling sites

A – Pol ish Geo log i cal Sur vey Cliff, view to wards the Polonia Gla cier; B – view show ing co lum nar jointed bas alts
of Pol ish Geo log i cal Sur vey Cliffs; C – bot tom part of the Godwin Cliffs sec tion; D – pan oramic view show ing the Batke Point sec tion; 

E – Three Sis ter Point and Four Brother Rocks, view from the Olech Hills; F – cliffs of Tur ret Point
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Fig. 4. Pho to mi cro graphs of andesitic rocks from the Lions Rump area

A – clinopyroxene and plagioclase pheno crysts sur rounded by a groundmass of glass, plagioclase and clinopyroxene crys tals, Batke Point (crossed polars);
B – orthopyroxene (hyperstene) and clinopyroxene (Ti-augite) pheno crysts, Batke Point (BSE – back-scat ter elec tron im age in a Quanti color scale); C –
andesitic lava flow from Godwin Cliffs (crossed polars); D – clinopyroxene phenocryst with in clu sions of plagioclase and titanomagnetite, Godwin Cliffs
(BSE im age); E – clinopyroxene phenocryst (Ti-augite, slightly chloritised) with in clu sions of ap a tite and titanomagnetite, orthopyroxene (hyperstene) and
plagioclase, Godwin Cliffs (BSE im age in a Quanti color scale); F – glomerocryst of plagioclase and clinopyroxene, Pol ish Geo log i cal Sur vey Cliffs (crossed
polars); G – plagioclase phenocryst show ing chem i cal zon ing within the groundmass com pris ing plagioclase, clinopyroxene and titanomagnetite crys tals,
Pol ish Geo log i cal Sur vey Cliffs (BSE im age); H – clinopyroxene (Ti-augite) and orthopyroxene (hyperstene) pheno crysts slightly al tered (chloritisation),
clinopyroxene phenocryst con tains an in clu sion of tiny ol iv ine, Pol ish Geo log i cal Sur vey Cliffs (BSE im age); min eral sym bols af ter Kretz (1983): Ap – ap a -
tite, Chl – chlorite, Cpx – clinopyroxene, Pl – plagioclase, Ol – ol iv ine, Opx – orthopyroxene, Ti-Mgt – titanomagnetite; all BSE im ages were per formed at the 
Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute in War saw us ing a Cameca SX 100 in stru ment



laths in the groundmass (Fig. 4A and C). Al most all of the
plagioclase crys tals show chem i cal zon ing (Fig. 4C and G). The
core and the rims of plagioclase pheno crysts have a lab ra dor ite
and an de sine com po si tion, re spec tively. The lavas con tain two
gen er a tions of clinopyroxene (Ti-augite), which oc cur as
euhedral, rarely twinned pheno crysts and as subhedral crys tals
of the groundmass. Clinopyroxene pheno crysts con tain in clu -
sions of plagioclase, titanomagnetite (Fig. 4D) and rare ap a tite
(Fig. 4E). Orthopyroxene pheno crysts con tain ol iv ine in clu sions 
(Fig. 4H), whereas plagioclase pheno crysts – clinopyroxene, ol -
iv ine, orthopyroxene and titanomagnetite in clu sions. Lo cally,
clinopyroxene crys tals are slightly chloritised.

The andesitic lavas from Tur ret Point are char ac ter ized by
por phy ritic, crys tal-rich, fluidal tex ture which is strongly em -
pha sized by the ori en ta tion of plagioclase laths (Fig. 5A). The
rock con tains sin gle pheno crysts of clinopyroxene (Ti-augite;
Fig. 5B) and plagioclase of lab ra dor ite and an de sine com po si -
tion. The groundmass com prises mostly plagioclase laths and
rare orthopyroxene, clinopyroxene, titanomagnetite and il men -
ite crys tals. Clinopyroxene crys tals are slightly al tered
(chloritisation).

The andesitic lavas from Three Sis ters Point are char ac ter -
ized by crys tal-rich, por phy ritic lo cally glomeroporphyritic
tex ture. The rock con tains plagioclase clinopyroxene and
pseudo morphs af ter mafic min er als. Al most all of the pheno -
crysts are plagioclases, which oc cur as euhedral and
subhedral crys tals and show chem i cal zon ing. The core and
the rims of the plagioclase crys tals yielded the lab ra dor ite and
an de sine com po si tions, re spec tively. The groundmass
(Fig. 5C) con sists of plagioclase, clinopyroxene (Ti-augite),
il men ite and titanomagnetite, which spo rad i cally oc cur even
as 1 cm di am e ter crys tals (Fig. 5D). The lava is much more al -
tered than that from the vol ca nic rocks of Tur ret Point and the
Lions Rump area.

The lava flows from King George Bay area con tain be -
tween 56.45–59.11 wt.% of SiO2. On the TAS clas si fi ca tion
di a gram (Fig. 6; Le Maitre et al., 1989), the rocks are mainly
andesites. The vol ca nic rocks from Tur ret Point and Lions
Rump area fall within the an de site field, only the sam ple
from Pol ish Geo log i cal Sur vey Cliffs plot within the ba saltic 
an de site field. The stud ied lava flow from Three Sis ter Point
fall within the trachyandesite field, close to the bor der with
an de site field.
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Fig. 5. Pho to mi cro graphs of andesitic rocks from the Tur ret Point–Three Sis ters Point area

A – fluidal tex ture of andesitic lava flow em pha sized by the ori en ta tion of plagioclase laths, Tur ret Point (crossed polars); B – clinopyroxene
phenocryst with chem i cal zon ing and titanomagnetite in clu sion, Tur ret Point (BSE im age); C – plagioclase phenocryst and the groundmass con -
tain ing clinopyroxene and il men ite crys tals, Three Sis ters Point (BSE im age); D – titanomagnetite crys tal, Three Sis ters Point (BSE im age); min -
eral sym bols af ter Kretz (1983): Ap – ap a tite, Cpx – clinopyroxene, Ilm – il men ite, Pl – plagioclase, Ti-Mgt – titanomagnetite; all BSE im ages
were per formed at the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute in War saw us ing a Cameca SX 100 in stru ment



RESULTS OF WHOLE ROCK 40Ar-39Ar DATING

Sam ples for whole rock 40Ar-39Ar iso tope dat ing were se -
lected from fresh, mas sive parts of lava flows, as far as pos si ble
from dykes or hy dro ther mal veins. Geo chron ol ogi cal in ves ti -
ga tions were per formed at the 40Ar/39Ar Geo chron ol ogy Lab o -
ra tory of the Uni ver sity of Lund, Swe den. The rocks were pre -
pared ac cord ing to stan dard pro ce dures ex clud ing any con tam -
i na tion. The pow dered sam ples were cleaned and pro cessed
into a range of grain-sizes and the 0.25–0.5 mm frac tion was
se lected. Pheno crysts were re moved from the sam ple. Ad di -
tion ally, plagioclase crys tals were sep a rated for iso to pic anal y -
ses from the Three Sis ters Point sam ple. The de tails of the
method and an a lyt i cal pro cess are in Nawrocki et al. (2011). 

Age pla teaus were de ter mined us ing the cri te ria of Dal rym -
ple and Lamphere (1971), which spec ify the pres ence of at least 
three con tig u ous in cre men tal heat ing steps with sta tis ti cally in -
dis tin guish able ages and con sti tut ing greater than 50% of the
to tal 39Ar re leased dur ing the ex per i ment. 40Ar/39Ar geo chron -
ol ogy data were pro duced, plot ted and fit ted us ing the ar gon
programme pro vided by Al Deino from the Berkeley
Geochronology Centre, USA.

The re sults of the 40Ar-39Ar whole rock age es ti ma tion are
pre sented in Fig ure 7. The mea sure ment data of mass spec -
trom e try anal y sis are listed in Ta ble 1. The ob tained re sults
from the Lions Rump area are very ho mog e nous. The andesitic
whole-rock sam ples LR-3, SK-1 and PR-3 gave well-de fined
Ar-Ar pla teau ages of 44.8 ±0.2 Ma, 44.7 ±0.3 Ma and
44.5 ±0.3 Ma, re spec tively (Ta ble 1, Fig. 7A–C), with low and
me dium MSWDs (0.28 and 2.5) and me dium prob a bil i ties of

c2 dis tri bu tion. 
The five steps de fin ing the pla teaus for vol ca nic rock from

Tur ret Point cor re spond to about 56.9% of the 39Ar re leased
(Fig. 7D). The andesitic lava flow gave well-de fined Ar-Ar
pla teau ages of 37.3 ±0.4 Ma with me dium MSWDs (2.33; cal -

cu lated for n-1 de grees of free dom) and low prob a bil ity (r –
prob a bil ity of oc cur rence based on Chi Square Ta bles).

It is clearly vis i ble that the andesitic lava flow from Three
Sis ters Point yielded a sta tis ti cally sig nif i cant pla teau age of
35.35 ±0.15 Ma (Fig. 7E). The eight steps de fin ing the pla -
teaus for whole-rock sam ple cor re spond to about 66.8% of the 
39Ar re leased. The mean square weighted de vi a tion (MSWD)
for the pla teau age is 1.15 and the cor re spond ing r value is
0.33. Ad di tion ally, the anal y ses of sep a rated plagioclase crys -
tals from Three Sis ter Point were pro vided for com par i son.
The ob tained re sults dif fer from the whole-rock data. The set
of plagioclase crys tals gave well-de fined Ar-Ar pla teau ages
of 29.1 ±0.2 Ma (Fig. 7F) with low MSWDs (0.85) and me -
dium prob a bil ity (0.52). The six steps de fin ing the pla teaus
for sep a rated plagioclase crys tals cor re spond to about 51.2%
of the 39Ar re leased.

MAGNETOSTRATIGRAPHY
 OF THE DATED SAMPLES

Geo graph i cally ori ented hand sam ples for iso to pic stud ies
were also served as ob jects of palaeomagnetic stud ies. Four
core spec i mens, 2.5 cm di am e ter and 2.2 cm length, were
drilled from each hand sam ple (LR-3, PR-3, TR-8, 3S5). They
were sub jected to al ter nat ing field (AF) de mag neti sa tion ex per -
i ment. Nat u ral remanent magnetisations (NRM) were mea -
sured with a Geofyzika JR6A spin ner mag ne tom e ter. De mag ne -
ti sa tion re sults were ana lysed us ing or thogo nal vec tor plots
(Zijderveld, 1967), and the di rec tions of lin ear seg ments were
cal cu lated us ing prin ci pal com po nent anal y sis (Kirschvink,
1980).

The in ten sity of NRM ranged from 0.24 to 0.87 A/m, ev i -
dently be ing the high est in sam ple 3S5 (andesitic lava flow
from Three Sis ters Point). The NRM was de mag net ised in an
al ter nat ing field of am pli tude up to 100 mT and more than 90%
of the ini tial in ten sity of NRM was re moved in the fields
30–60 mT (Fig. 8A). Sam ples LR-3 and PR-3 from the Lions
Rump area re vealed the pres ence of well-de fined char ac ter is tic
di rec tions with steep pos i tive in cli na tions group ing in the sec -
ond and third quar ters of the hemi sphere (Fig. 8B). The re verse
mag netic po lar ity of these sam ples is there fore ev i dent. This
po lar ity cor re sponds well to the global po lar ity-time scale
GPTS (Gradstein et al., 2004) in di cat ing that the rock stud ied is 
co eval with the lower re verse part of the C20 po lar ity chron. 

Nor mal po lar ity di rec tions are com mon for sam ples 3S5
and TR8. Char ac ter is tic di rec tions with steep neg a tive in cli na -
tions iso lated from these sam ples are group ing in the fourth
quar ter of the hemi sphere (Fig. 8B). The mag netic po lar ity of
sam ple TR8 cor re sponds in the limit of er rors to the global po -
lar ity-time scale GPTS (Gradstein et al., 2004) in di cat ing that
these rocks can be cor re lated with the up per nor mal po lar ity
part of the C17 po lar ity chron (early Priabonian). Sam ple 3S5
can not be cor re lated with any par tic u lar magnetozone be cause
sev eral nor mal magnetozones of the C15 and C16 po lar ity
chrons oc cur within er rors of age es ti ma tions. 
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Fig. 6. Chem i cal clas si fi ca tion of the vol ca nic rocks on to tal al ka lis
ver sus sil ica (TAS) di a gram of Le Maitre et al. (1989)



330 Magdalena Pańczyk and Jerzy Nawrocki

LR-3 (J = 0.005959 ±5.700000e-6)

Step Pwr/T°C Ca/K 36Ar/39Ar %36Ar(Ca) 40*Ar/39Ar
Mol 39Ar

x10–14 % Step Cum. % %40Ar* Age [Ma] ± Age

1. •2   1.99399 0.236084 0.1 4.4718  0.3342  2.7  2.7 6 47.44474 2.93283

2. •2.1 2.0459  0.030514 0.8 4.25864 1.2007  9.7 12.4 32.2 45.21124 0.56366

3. •2.3 2.1009  0.009526 2.6 4.27278 1.7733 14.4 26.8 60.9 45.35951 0.23787

4. •2.5 2.04879 0.005323 4.5 4.20358 1.604  13   39.8 73.7 44.63388 0.18688

5. •2.7 2.3364  0.006043 4.5 4.20458 1.5778 12.8 52.6 71.1 44.64431 0.20277

6. •2.9 2.7996  0.006752 4.8 4.17661 1.0021   8.1 60.7 68.7 44.35093 0.34295

7. 3.1 2.92587 0.007033 4.8 4.10187 1.2435 10.1 70.8 67.4 43.56683 0.28122

8. 3.3 3.10215 0.007332 4.9 4.0985  2.0184 16.4 87.2 66.5 43.53147 0.19687

9. 3.5 2.81494 0.008352 3.9 4.00329 1.579  12.8 100 62.8 42.53201 0.21972

Integ. age = 44.3       0.4       

(•) Pla teau age = MSWD = 1.99  ρ = 0.08    steps 1–6 60.7 44.8      0.2       

SK-1 (J = 0.005959 ± 5.700000e-6)

1. •2 1.84255 0.155054 0.1 4.62214 0.3158 3.6 3.6 9.2 49.0183 2.14071

2. •2.1 1.658    0.01657  1.2 4.2919 1.2133 14 17.6 47 45.55994 0.40819

3. •2.3 1.70364 0.008274 2.4 4.22579 1.143 13.2 30.8 63.9 44.86674 0.32454

4. •2.5 1.85102 0.005548 3.9 4.19173 1.0969 12.7 43.5 72.7 44.50959 0.22633

5. •2.7 2.53609 0.007026 4.2 4.18758 0.9665 11.1 54.6 67.8 44.46605 0.27988

6. 2.9 2.83163 0.007422 4.4 4.07427 0.8977 10.4 65 66 43.27717 0.316   

7. 3.1 2.95818 0.006261 5.5 4.06889 0.8227 9.5 74.5 69.9 43.22074 0.26774

8. 3.3 3.13755 0.006867 5.3 3.93416 1.4421 16.6 91.1 67.2 41.80601 0.24533

9. 3.5 2.59118 0.006849 4.4 3.90608 0.7714 8.9 100     66.9 41.51099 0.30991

Integ. age =  43.9   0.4

(•) Pla teau age = MSWD = 2.5  ρ = 0.04    steps 1–5 54.6  44.7   0.3

PR-3 (J = 0.006007 ±8.200000e-6)

1. •2 1.24358 0.049439 0 4.05624 1.3514 12.1 12.1 21.7 43.43081 0.73878

2. •2.1 1.59798 0.014087 0 4.18993 2.0608 18.4 30.5 50.2 44.84466 0.29811

3. •2.3 1.61994 0.007913 0 4.16117 1.8846 16.8 47.4 64   44.54064 0.24214

4. •2.5 1.88612 0.005847 0 4.14043 1.6629 14.9 62.2 70.6 44.32126 0.21802

5. 2.7 2.58587 0.005881 0 4.04778 1.092   9.8 72   70   43.3413 0.20829

6. 2.9 3.87311 0.006671 0 3.96269 0.6051  5.4 77.4 66.8 42.44087 0.34806

7. 3.1 4.27301 0.006926 0 3.94746 0.6596  5.9 83.3 65.9 42.27971 0.36435

8. 3.3 4.45889 0.006606 0 3.85278 1.2597 11.3 94.5 66.4 41.27713 0.27934

9. 3.5 5.78157 0.008501 0 3.79329 0.6099  5.5 100    60.2 40.64689 0.42533

Integ. age =  43.5   0.4

(•) Pla teau age = MSWD = 1.37  ρ = 0.25    steps 1–4 62.2  44.5   0.3

TR-8 (J = 0.006007 ±8.200000e-6)

1. 2   2.27937 0.337394 0 2.67266 0.2776 4.9  4.9  2.6 28.73381 4.20615

2. 2.1 3.16148 0.063799 0 3.1873 0.6336 11.1 16  14.5 34.21458 1.00375

3. •2.3 3.70771 0.020336 0 3.573   0.7418 13 29  37.3 38.31129 0.51362

4. •2.5 4.05164 0.012914 0 3.44273 0.7913 13.9 42.9 47.4 36.92866 0.41659

5. •2.7 4.48906 0.010809 0 3.3993  0.6433 11.3 54.2 51.6 36.46746 0.43891

6. •2.9 4.8766  0.010063 0 3.47566 0.4884  8.6 62.8 53.9 37.27823 0.48628

7. •3.1 5.24732 0.00996  0 3.51461 0.5776 10.1 72.9 54.4 37.69168 0.38004

8. 3.3 6.17748 0.012163 0 3.32849 0.7904 13.9 86.8 48.1 35.71529 0.41366

9. 3.5 6.72955 0.013107 0 3.36868 0.7521 13.2 100    46.5 36.14219 0.3588 

Integ. age =  36.2    0.8

(•) Pla teau age = MSWD = 2.33  ρ = 0.05    steps 3–7 56.9 37.3        0.4      

T a  b l e  1

40Ar/39Ar an a lyt i cal data for lava flows from the Lions Rump area, Tur ret Point and Three Sis ters Point (King George Is land)



DISCUSSION

The new 40Ar-39Ar ages for lava flows from the Lions
Rump area are very con sis tent and sug gest mid dle Eocene
(Lutetian) age of erup tion. Sam ples for iso to pic anal y ses were
col lected from both tec tonic blocks sensu Birkenmajer (1983;
Warszawa and Kraków blocks). The re sults of palaeomagnetic
stud ies con firm the iso to pic re sults. The re verse mag netic po -
lar ity of these sam ples and the re sults of  40Ar-39Ar dat ing cor -
re spond well to the global po lar ity-time scale GPTS (Gradstein
et al., 2004), in di cat ing that the rocks are co eval with the lower
re verse part of the C20 po lar ity chron. Thus, com bined
40Ar-39Ar and palaeomagnetic data im ply a mid dle Lutetian age 
of andesitic lava flows that are the base ment for glacioma rine
sed i ments of the Polonez Cove For ma tion. It should be stressed 
that nei ther iso to pic ages nor palaeomagnetic prop er ties in di -

cate that these rocks were formed in the area of two sep a rate
tec tonic do mains i.e. the Kraków and Warszawa blocks. 

Vol ca nic rocks from the Tur ret Point–Three Sis ters Point
area are youn ger and were crys tal lised and ex truded dur ing the
late Eocen (Bartonian/Priabonian 37.3 ±0.4 Ma and 35.35
±0.15 Ma, re spec tively). Palaeomagnetic data might sup port
the iso to pic age only for a vol ca nic rock from the cliffs of Tur -
ret Point. In this case, the nor mal po lar ity mag ne ti sa tion could
be cor re lated with the up per nor mal po lar ity part of the C17 po -
lar ity chron (Bartonian/Priabonian).

Gen er ally, the cal cu lated whole-rocks 40Ar-39Ar pla teau
ages are 2–3 Ma older than the for merly ob tained whole-rocks
K-Ar ages (Smellie et al., 1984; Birkenmajer et al., 1989).
Most prob a bly, pre vi ous re sults for andesitic lavas from the
King George Bay area, sug gest ing youn ger age of
crystallisation and em place ment, are the ef fect of Ar loss. On
the other hand, anal y ses of plagioclase crys tals sep a rated from
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3S3 (J = 0.0061013 ±5.400000e-6)

Step Pwr/T°C Ca/K 36Ar/39Ar %36Ar(Ca) 40*Ar/39Ar
Mol 39Ar

x10–14 % Step Cum. % %40Ar* Age (Ma) ± Age

1. 2   0.04215 0.072047 0   1.87012 0.2379  6.1  6.1  8.1 20.46831 0.8229

2. 2.1 0.03897 0.025833 0   2.79163 0.2718  6.9 13   26.8 30.46933 0.41112

3. 2.3 0.04974 0.013685 0   3.15061 0.4366 11.1 24.1 43.8 34.35037 0.25018

4. •2.5 0.03947 0.008191 0.1 3.25081 0.4548 11.6 35.7 57.3 35.43217 0.19108

5. •2.7 0.04164 0.005958 0.1 3.24129 0.4655 11.9 47.6 64.8 35.32935 0.18951

6. •2.9 0.05416 0.0057   0.1 3.25371 0.3861 9.9 57.5 65.9 35.4634  0.19186

7. •3.1 0.0407  0.004559 0.1 3.22976 0.4305 11   68.4 70.6 35.20489 0.15358

8. •3.3 0.05018 0.00313  0.2 3.23597 0.3233 8.2 76.7 77.8 35.27194 0.17199

9. •3.5 0.05124 0.002527 0.3 3.27396 0.2401 6.1 82.8 81.5 35.68202 0.1957

10. •3.7 0.0495  0.003276 0.2 3.20739 0.1808 4.6 87.4 76.8 34.96347 0.23071

11. •4.0 0.08826 0.00316  0.4 3.26599 0.1391 3.5 91   77.8 35.59602 0.29203

12. 4.5 0.0903  0.005299 0.2 3.07913 0.1399 3.6 94.5 66.3 33.57817 0.32033

13. 5.2 0.30085 0.005665 0.7 2.7711  0.1156 2.9 97.5 62.5 30.24709 0.4007

14. 6   0.73061 0.009709 1   2.20116 0.0984 2.5 100      43.7 24.06743 0.52614

Integ. age = 33.5       0.3       

(•) Pla teau age = MSWD = 1.15  ρ = 0.33    steps 4–11 66.8 35.35    0.15    

3S3 Plagioclase (J = 0.0061013 ±5.400000e-6)

1. 2   0.0266  0.020541 0  0.31982 0.2346 13   13   5 3.51694 1.67937

2. 2.1 0.14126 0.030966 0.1 2.85121 0.0343  1.9 14.9 23.8 31.11402 1.52973

3. 2.3 0.12352 0.02086 0.1 3.14528 0.0957  5.3 20.2 33.8 34.29282 0.6884 

4. 2.5 0.08224 0.009689 0.1 2.9597 0.1303  7.2 27.4 50.9 32.28737 0.39785

5. 2.7 0.09333 0.005816 0.2 2.89554 0.132  7.3 34.6 62.8 31.59359 0.3744 

6. 2.9 0.0963  0.004496 0.3 2.82409 0.1061  5.9 40.5 68.1 30.82064 0.41144

7. 3.1 0.11842 0.004047 0.4 2.78419 0.1502  8.3 48.8 70   30.38882 0.2822 

8. •3.3 0.1133  0.003235 0.5 2.74433 0.095  5.2 54.1 74.2 29.95731 0.48302

9. •3.5 0.11092 0.004334 0.3 2.63505 0.0782  4.3 58.4 67.4 28.77393 0.56699

10. •3.7 0.09996 0.00379 0.4 2.6698 0.1512  8.4 66.7 70.5 29.15026 0.30252

11. •4.0 0.08502 0.003246 0.4 2.65531 0.1474  8.1 74.9 73.5 28.99332 0.28118

12. •5.0 0.05183 0.003273 0.2 2.66108 0.3687 20.4 95.3 73.4 29.05581 0.16362

13. •6.0 0.07167 0.003048 0.3 2.69774 0.0858  4.7 100    75  29.45289 0.47632

Integ. age = 27          3          

(•) Pla teau age = MSWD = 0.85  r = 0.52    steps 8-13 51.2 29.1       0.2       

Step – num ber of heat ing steps; Pwr/T°C – de gas sing power (dot in di cates pla teau); Ca/K are el e ment ra tios; Mol 39Ar – mol 39Ar re leased at each step; 
% Step – % of to tal 39Ar re leased at each step; Cum. % – cu mu la tive 39Ar re lease; %40Ar* – % of 40Ar re leased; er rors are 2-sigma

Tab. 1 cont.



the andesitic lava flow from Three Sis ters Point gave a youn ger 
age (29 Ma). A com pa ra ble sit u a tion was ob served for an
andesitic lava sam ple from the Herv¾ Cove sec tion, over ly ing
the diamictite. The plagioclases gave a pla teau age of 41.5 ±
0.8 Ma (Nawrocki et al., 2011, this is sue). How ever, the ob -
tained whole-rock 40Ar-39Ar age (well-de fined pla teau age of
48.1 ±0.2 Ma. Nawrocki et al., 2011, this is sue) was equal
within un cer tainty to the mean SHRIMP zir con age (48.9
±0.7 Ma) mea sured on the same piece of lava flow and con sis -
tent with the palaeomagnetic re sults (Nawrocki et al., 2010).

CONCLUSIONS

1. The new iso to pic ages for andesitic rocks from the Lions
Rump area, which are the base ment for glacioma rine sed i ments 
of the Polonez Cove For ma tion, con strain the age of magma
ex tru sion to the mid dle Eocene (Lutetian, ~44 Ma). The
andesitic lava flows from Tur ret Point and Three Sis ters Point
are youn ger, dis play ing the pla teau age of 37.3 ±0.4 Ma and
35.35 ±0.15 Ma, respectively.
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Fig. 7. Stepwise ar gon re lease spec trum for whole-rock lava sam ples from the Lions Rump area (A–C), 
Tur ret Point (D) and Three Sis ters Point (E–F)

Ver ti cal and hor i zon tal axes de fine age (Ma) and per cent age of 39Ar re leased; er rors are 2-sigma
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Fig. 8A – typ i cal de mag neti sa tion char ac ter is tics (a – de mag neti sa tion paths, b – in ten sity de cay curves, c – or thogo nal plots) of the vol ca nic rocks
from the Lions Rump area (Batke Point – LR3c; Pol ish Geo log i cal Sur vey Cliff – PR3b), Tur ret Point (TR8a) and Three Sis ters Point (3S5c) sec -
tion; B – ste reo graphic pro jec tions of line-fit mean (on the spec i men level) palaeomagnetic di rec tions iso lated from the Lions Rump area (Batke
Point – LR3c; Pol ish Geo log i cal Sur vey Cliff – PR3b), Tur ret Point (TR8a) and Three Sis ters Point (3S5c); the di a grams were pre pared by means
of a com puter pack age de vel oped by Lewandowski et al. (1997)

A: Irm – in ten sity of rem nant mag net is ation, Inrm – ini tial in ten sity of nat u ral rem nant mag net is ation; ; Ar-Ar ages de fined for par tic u lar sam ple are shown

in brack ets; B: open (closed) sym bols de note up ward (down ward) point ing in cli na tions; D, I – mean dec li na tion and in cli na tion on the sam ple level, α95, K
– Fisher’s sta tis tics pa ram e ters, n – num ber of spec i mens



2. Iso tope ages are con sis tent with mag netic po lar i ties of
the stud ied rocks in di cat ing that the sam ples from the Lions
Rump area (LR-3 and PR-3) are co eval with the lower part of
the C20 po lar ity chron (mid dle Lutetian). On the other hand,
the sam ple from Tur ret Point (TR-8) can be cor re lated with the
up per part of the C17 po lar ity chron (Bartonian/Priabonian).

3. Com mon iso to pic ages and palaeomagnetic prop er ties of
basal vol ca nic rocks (sam ples LR-3 and PR-3) in the Lions
Rump area (King George Bay) do not sup port the the sis about
sep a rate tec tonic evo lu tion of the Warszawa and Kraków
blocks at least since the mid dle Eocene. 
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