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The Pen guin Is land vol cano is lo cated on the south ern shelf of King George Is land (South Shet land Is lands, West Antarctica). Its ac tiv ity
is re garded as con nected with the open ing of the Bransfield Strait. Pen guin Is land is dom i nated by a 180 m high ba saltic stratocone (Dea -
con Peak) with a 350 m wide crater con tain ing a small ba saltic plug in side and ra dial dykes, and it has a sec ond prin ci pal vent – the Pe trel
Crater maar – that was formed dur ing a phreatomagmatic erup tion about 100 years ago. A low-po tas sium, calc-al ka line se quence of ba -
saltic lava flows with in ter ca la tions of beach de pos its (Marr Point For ma tion) forms the base ment of the stratocone. The Marr Point For -
ma tion lava flows have never been dated be fore. Com bined whole rock 40Ar-39Ar iso to pic dat ing and magnetostratigraphy were ap plied
for this pur pose. We ob tained an iso to pic 40Ar-39Ar pla teau age of 2.7 ±0.2 Ma, and to gether with the palaeomagnetic data, mid dle Plio -
cene age (Piacenzian) is im plied for the ba saltic pla teau of Pen guin Is land.
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INTRODUCTION

The South Shet land 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 de vel op ment of the Bransfield Rift pre sum ably in the 
Plio cene (about 4 Ma; Barker, 1982; Barker and Dalziel,
1983). Bransfield Strait was formed by rift ing pro cesses within
a con ti nen tal mag matic arc (Lawver et al., 1995, 1996;
Galindo-Zaldivar et al., 2006). This ex ten sion is ac com pa nied
most prob a bly by trench roll-back at the South Shet land Trench 
(Barker, 1982; Maldonado et al., 1994; Barker and Aus tin,
1998). Fretzdorff et al. (2004) clas si fied the Bransfield Strait as 
an ac tively ex tend ing mar ginal ba sin. 

Qua ter nary sub ma rine and subaerial vol ca nism oc curs
along the axis of the Bransfield Strait (Bridge man Is land, De -
cep tion Is land, seamounts) and also lies off the rift axis on the
South Shet land Is lands shelf (Weaver et al., 1979; Smellie,
1990; Keller et al., 1991; Smellie et al., 2002). Gen er ally, the
vol ca nic rocks are compositionally tran si tional be tween is land
arc bas alts and mid-ocean ridge bas alts (MORB; Fisk, 1990;
Keller and Fisk, 1992). The vol ca nic and geo chem i cal vari a -
tions are not sys tem atic along the axis and do not re flect the

uni di rec tional prop a ga tion of rift ing sug gested by geo phys i cal
data (Keller et al., 2002).

Pen guin Is land is sit u ated north of the pres ent axis of rift -
ing, close to King George Is land be ing lo cated be tween King
George Bay and Sherrat Bay (Fig. 1B). The small vol ca nic is -
land (1.84 km2;  Fig. 1C, D)  with about 180 m high ba saltic
sco ria cone (Dea con Peak) and a 350 m wide crater with a small 
ba saltic plug in side and ra dial dykes, mea sures be tween 1.4 and 
1.8 km in di am e ter (Fig. 1A, E). The sec ond prin ci pal vent on
Pen guin Is land is Pe trel Crater maar (Fig. 1A, F) that was
formed dur ing a phreatomagmatic erup tion about 100 years
ago. Birkenmajer (1980) dis tin guished three lithostratigraphic
units within the Pen guin Is land Group: 

– the old est ba saltic lavas with in ter ca la tion of raised
beach de pos its – the Marr Point For ma tion;

– the se quence of lava flows and pyroclastic rocks of cen -
tral sco ria cone (stratocone) – the Dea con Peak For ma -
tion;

– the youn gest pyroclastic rocks – the Pe trel Crater For -
ma tion.

The age of vol ca nic rocks from Pen guin Is land is still
poorly con strained. In the early 1960ies, Barton (1961, 1965)
and Hawkes (1961) con cluded that the ba saltic plat form of
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Pen guin Is land and lava flows from Lions Rump, Tur ret
Point, Three Sis ters Point, Mel ville Peak and Cape Mel ville
(all on King George Is land) are Plio cene to Re cent in age.
These ideas were sub se quently re in ter preted and most of
these out crops are sub stan tially older than, and un re lated to,
Pen guin Is land (Birkenmajer, 1979, 1982; Smellie et al.,
1984; Troedson and Rid ing, 2002; Troedson and Smellie,
2002). Birkenmajer (1982, 2001) sug gested a late Pleis to cene
age for the ba saltic plat form (Marr Point For ma tion) on the
Pen guin Is land. The Dea con Peak sco ria cone and Pe trel
Crater maar have been dated us ing the lichenometry method
(Birkenmajer, 1979). The for ma tion of Dea con Peak was
dated at about 300 years ago, whereas the erup tion form ing
Pe trel Crater maar was dated at about 1905 AD. These re sults
were sup ported by an ec dotal his tor i cal ob ser va tions of whal -
ers and seal hunt ers. More re cently, in ves ti ga tions of ra dial
dykes which cut the prin ci pal cone of the Pen guin vol cano
were con ducted by Kraus (2005), who de ter mined Ar-Ar ages 
on plagioclase min eral sep a rates. The ob tained re sults sug gest 
an im prob a ble Tortonian age (8.8 ±2.4 Ma) for the dykes cut -
ting the west ern slope of the sco ria cone.

STUDY AREA 
AND RESEARCH MATERIAL

The ba saltic lavas al ter nat ing with beach de pos its form the
low est unit of the Pen guin Is land Group and un der lie the Dea -
con Peak sco ria cone. They are cov ered by pyroclastic rocks
(ashes, lapilli  and bombs) de pos ited dur ing the last erup tions.
Birkenmajer (1979, 1982) sug gested that the vol ca nic cen tre
for the basal lavas lies to the north-east of the is land. The se -
quence of lavas is up to 50 m thick and is mostly ex posed as
steep cliffs around the is lands and in the in ner slopes of Pe trel
Crater. The best and most eas ily ac ces si ble ex po sures of the ba -
saltic plat form are lo cated along the north ern mar gin of the is -
land, es pe cially close to the Gon za les Point where there are
steep cliffs over 20 m high and about 300 m long (Fig. 1G). Lo -
cally, there is a no tice able con tact be tween two lava flows em -
pha sized by the pres ence of autobreccia be tween the two flows.
Mac ro scop i cally, two main lithological and tex tural va ri et ies of 
por phy ritic bas alts are vis i ble: ve sic u lar outer parts of the lava
flow (car a pace fa cies) and a mas sive core. The ves i cles are
com monly elon gated in shape, rarely ir reg u lar, and ex ceed
1 cm in length. Their shape, if elon gated, usu ally cor re sponds
with a flow-banded tex ture. Lo cally, there is a no tice able flow
fold ing. More over, due to shear ing (Dadd, 1992), stretch ing
and brecciation of flow-banded vol ca nic rocks are spo rad i cally

ob served. The vol ca nic rocks are not al tered. Veins and ves i -
cles filled by hy dro ther mal min er als were not ob served.

The dark grey ba saltic lavas of the pla teau dis play por phy -
ritic, rarely glomeroporphyric, intersertal or inter gra nu lar tex -
ture. Lo cally, they are scoriaceous. The stud ied rocks com prise
ol iv ine, plagioclase and clinopyroxene pheno crysts that may
ex ceed up to 1.2 mm in length (Fig. 2). The groundmass con -
tains plagioclase, ol iv ine, clinopyroxene and chro mite crys tals
and also glass. Plagioclase crys tals oc cur as euhedral and
subhedral pheno crysts spo rad i cally show ing zon ing (Fig. 2)
and as small (less than 0.3 mm in length), decussate laths in the
groundmass. The core and the rims of plagioclase pheno crysts
have a bytownite and lab ra dor ite com po si tions, re spec tively.
Clinopyroxenes (Ti-augite; Fig. 2A) oc cur as euhedral, rarely

twinned pheno crysts (~300 mm  in length) and as groundmass,

subhedral crys tals (70 mm). The lavas con tain two gen er a tion of 
ol iv ine, which is the main mafic min eral. The pheno crysts

(Fig. 2B–D), typ i cally 600 mm in length, oc cur spo rad i cally as
glomerocrysts. Chro mite oc curs as a groundmass crys tals (up

to 200 mm in di am e ter; Fig. 2D) and as in clu sions within ol iv -

ine pheno crysts (50–100 mm in di am e ter; Fig. 2B).
All the ana lysed sam ples are low-po tas sium, calc-al ka line

bas alts con tain ing ca. 50% of SiO2 (Ta ble 1). Weaver et al.
(1979) sug gested that the Pen guin Is land lavas are magnesian,
mildly al ka line ol iv ine bas alts with up to 4% nor ma tive neph el -
ine. In the to tal al ka lis ver sus sil ica (TAS) clas si fi ca tion di a -
gram (Le Maitre et al., 1989), all the sam ples fall within the ba -
saltic field. The rocks are en riched in large-ion lithophile el e -
ments and de pleted in high field strength el e ments rel a tive to
N-MORB (Nor mal Mid-Ocean Ridge Ba salt; Fig. 3A). The
bas alts are char ac ter ized by a rel a tively high con cen tra tion of
el e ments such as Co, Cr and Ni. The ab so lute con tent of rare
earth el e ments vary from 49.47 to 59.73 ppm for all the sam -
ples. Chondrite-nor mal ized REE di a grams (Sun and
McDonough, 1989) are rel a tively smooth and show steep pat -
terns for LREE and MREE (Fig. 3B). The en rich ment in LREE
is clearly de ci pher able as the (La/Lu)CN ra tio ranges from 4.7 to
6.3. These rocks are also char ac ter ized by the lack of any Eu
anom a lies or, in some sam ples slight pos i tive anom aly.

MATERIAL AND METHODS

The sam ple for whole-rock 40
Ar-

39
Ar iso tope dat ing and

for palaeomagnetic study was se lected from fresh, mas sive
parts of the older lava af ter thor ough ex am i na tion of thin sec -
tions. The stud ied lava flow is ex posed in cliffs, about 200 m
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Fig. 1 A – lo ca tion of the ana lysed sam ple (PING-3) on a geo log i cal map of the Pen guin Is land vol cano (slightly mod i fied af ter Birkenmajer, 1979,
1982); B – lo ca tion of the Pen guin Is land vol cano in the South Shet land Is lands; C – geo log i cal cross-sec tion of the Pen guin Is land vol cano (based
on Birkenmajer, 1979, 1982; mod i fied); D–G – pho to graphs of the Pen guin Is land vol cano: D – Pen guin Is land (Dea con Peak), view from Tur ret
Point; E – crater of prin ci pal cone with a small ba saltic plug; F – Pe trel maar, view to wards Mel ville Peak; G – two lava flows of the ba saltic pla -
teau of the Pen guin Is land vol cano with de tailed lo ca tion of the ana lysed sam ple



south-east of Gonz«lez Point (PING-3, S 62°05.730’,
W 57°55.820’). 

The sam ple was pre pared ac cord ing to the stan dard pro ce -
dures: cut with a di a mond saw, washed, hand-crushed and
then pul ver ised in a tung sten car bide mill. 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. Ad di tion ally, pheno crysts 
were re moved from the sam ples. Geo chron ol ogi cal in ves ti ga -
tion was per formed at the 40Ar-39Ar Geo chron ol ogy Lab o ra -
tory of the Uni ver sity of Lund, Swe den. The sam ples se lected
for 40Ar-39Ar geo chron ol ogy were ir ra di ated to gether with the 
TCR sanidine stan dard (28.34 Ma fol low ing Renne et al.,
1998), for 24 hours in the Or e gon State re search re ac tor.
J-val ues were cal cu lated with a pre ci sion of <0.25% and are
re ported for each sam ple in the data ta bles. De cay con stants
uti lized were those given in Steiger and Jäger (1977). The
40Ar-39Ar geo chron ol ogy lab o ra tory at the Uni ver sity of Lund 
con tains a Micromass 5400 mass spec trom e ter with a Far a day 
and an elec tron mul ti plier. 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 Berke ley Geo -
chron ol ogy Cen tre, USA.

Five core spec i mens, 2.5 cm di am e ter and 2.2 cm length,
were drilled from the stud ied hand sam ple for palaeomagnetic
in ves ti ga tions. They were sub jected to an al ter nat ing-field (AF) 
de mag neti sa tion ex per i ment. The nat u ral remanent magneti -
sations (NRM) were mea sured with a Geofyzika JR6A spin ner
mag ne tom e ter. De mag neti sa tion re sults were ana lysed us ing
or thogo nal vec tor plots (Zijderveld, 1967), and the di rec tions
of the lin ear seg ments were cal cu lated us ing prin ci pal com po -
nent anal y sis (Kirschvink, 1980).

RESULTS

WHOLE-ROCK 40Ar-39Ar ISOTOPE DATING

The re sults of the 40Ar-39Ar whole rock age es ti ma tion are
pre sented in Fig ure 4. The mea sure ment data of mass spec -
trom e try anal y sis are listed in Ta ble 2. It is clearly vis i ble that
the Marr Point For ma tion lava yielded a sta tis ti cally sig nif i cant
pla teau age of 2.7 ±0.2 Ma. The five steps de fin ing the pla teaus
cor re spond to about 50.5% of the 39Ar re leased. The mean
square weighted de vi a tion (MSWD; cal cu lated for n-1 de grees

of free dom) for the pla teau age is 1.66 and the cor re spond ing r

val ues is 0.16 (r – prob a bil ity of oc cur rence based on Chi
Square Ta bles).

MAGNETOSTRATIGRAPHY

All the spec i mens were strongly mag net ised. The in ten sity of 
NRM ranged from 7.2 to 8.8 A/m. The NRM was de mag net ised
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T a  b l e  1

Whole-rock ma jor and trace el e ment data for ba saltic lavas 
of the Pen guin Is land pla teau

Sam ple Maar-2 PING-1a PING-3a PING-3c PING-3

SiO2 49.8    50      50     49.3   48.8    

TiO2 1.12 1.29 1.13 1.12 1.08

Al2O3 15.6    16.45  15.85  15.45  15.6    

Fe2O3 9.39 9.34 9.33 9.47 9.67

MnO 0.15 0.14 0.15 0.15 0.16

MgO 9.84 8.15 9.55 9.83 10.65  

CaO 9.69 9.75 9.74 9.82 9.73

Na2O 3.16 3.55 3.3  3.13 3.29

K2O 0.48 0.62 0.49 0.47 0.48

P2O5 0.23 0.44 0.23 0.26 0.24

LOI 0.1  0    –0.29 –0.39  0.8  

To tal 99.56  99.73  99.48  98.61  100.5      

Ba 125.5      153       135       136       149        

Co 40.7    37.8    42.4    43.4    47.4    

Cr 490        350        510       520       580       

Cs 0.1  0.14 0.05 0.08 0.08

Cu 107        80     119        113       127        

Ga 17.7    20.4    19.5    18.7    20.1    

Hf 1.6  2    1.8  1.8  1.9  

Nb 2.7  3.5  2.9  2.8  3    

Ni 173       122        169       186       223       

Pb 5    5   5   5   6    

Rb 4.9  6.2  4.4  4.3  5.1  

Sr 463        568        498        493       536        

Ta 0.2  0.2  0.2  0.2  0.2  

Th 0.93 1.14 0.98 1   1.04

U 0.21 0.25 0.15 0.15 0.17

V 229        272       257        257         273       

W 4    3   5    6    8    

Y 12.1     12.6    13.1    13     13.9    

Zn 70     78     76     75      79      

Zr 56     68     63     61     60      

La 7.5  9.5  8.2  8.1  8.8  

Ce 17.6    22.1    19.3    19     20.3    

Pr 2.41 3.03 2.68 2.57 2.91

Nd 10.3    12.5    11.4    11.1    12.2    

Sm 2.37 2.84 2.57 2.55 2.88

Eu 0.83 0.99 0.89 0.93 0.96

Gd 2.57 2.81 2.77 2.64 3.14

Tb 0.4  0.43 0.43 0.43 0.49

Dy 2.31 2.38 2.29 2.42 2.74

Ho 0.47 0.46 0.51 0.49 0.55

Er 1.26 1.26 1.34 1.39 1.56

Tm 0.17 0.17 0.19 0.19 0.2  

Yb 1.11 1.1  1.2  1.19 1.29

Lu 0.17 0.16 0.19 0.18 0.2  

The ma jor ox ides were de ter mined by in duc tively cou pled plasma atomic
emis sion spec tros copy (ICP-AES) at ALS Lab o ra tory in Can ada and re -
ported in wt.% with to tal Fe as Fe2O3, whereas the trace el e ments, in clud -
ing REE, were mea sured by in duc tively cou pled plasma mass
spec trom e try (ICP-MS) and re ported in ppm
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Fig. 2. Pho to mi cro graphs of ba saltic rocks from Pen guin Is land (Marr Point For ma tion)

A – clinopyroxene phenocryst sur rounded by groundmass of plagioclase laths, clinopyroxene ol iv ine crys tals and glass, crossed polars; B – BSE
(back-scat tered elec trons) im age of clinopyroxene, plagioclase and ol iv ine pheno crysts with chro mite in clu sions; the groundmass con tain ing
plagioclase laths, clinopyroxene, ol iv ine and also chro mite crys tals; C – ol iv ine pheno crysts crossed polars; D – BSE im age of ol iv ine and chro -
mite crys tals; min eral sym bols af ter Kretz (1983): Chr – chro mite, Cpx – clinopyroxene, Pl – plagioclase, Ol – ol iv ine; BSE im ages per formed us -
ing Cameca SX 100 in stru ment in Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute in War saw

Fig. 3. N-MORB-nor mal ised multi-el e ment pat terns (A) 
and chondrite-nor mal ised REE pat terns (B) for ba saltic lavas from Pen guin Is land

The nor mali sa tion val ues for N-MORB and chondrite are from Sun and McDonough (1989)



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 a field not
higher than 35 mT (Fig. 5A). Well-de fined char ac ter is tic di rec -
tions with steep neg a tive in cli na tions group in the sec ond quar ter 
of the hemi sphere. A nor mal mag netic po lar ity for the stud ied
sam ple is there fore ev i dent. The nor mal po lar ity of sam ple 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 rock stud ied is co eval with
the up per part of the Magnetozone Gauss (Fig. 5B).

CONCLUSIONS

1. The new iso to pic age pre sented here con strains
the age of crystallisation and em place ment of ba saltic
magma form ing the basal part of Pen guin Is land
(Marr Point For ma tion) to the mid dle Plio cene (2.7
±0.2 Ma).  Com bined 40Ar-39Ar and palaeomagnetic
data im ply a Piacenzian age for the ba saltic pla teau of
Pen guin Is land.

2. The lava flows that built up the Pen guin Is land
plat form are more “prim i tive” than typ i cal vol ca nic
rocks from King George Is land ex cept for the Low
Head lava dome (Smellie et al., 1998). The lavas are
char ac ter ized by higher MgO, Cr, Ni and Co con tents, 
than subduction-re lated lavas and they show some
compositional char ac ter is tics of al ka line mag mas.

3. Vol ca nism within Bransfield Strait is be lieved to have
started in the Pleis to cene at about 0.3 Ma (e.g., Birkenmajer
and Keller, 1990; Keller et al., 1992). On the other hand,
subduction-re lated magmatism is un known af ter 9.8 Ma in the
South Shet land Is lands area (Smellie et al., 1984; Birkenmajer
et al., 1986). Our new data in di cate that the first signs of vol ca -
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T a  b l e  2

40Ar-39Ar an a lyt i cal data for a ba salt lava from the Marr Point For ma tion (Pen guin Is land)

PING-3 (J = 0.0061013 ±5.400000e-6)

Step Pwr/T°C Ca/K 36Ar-39Ar
36Ar(Ca)

[%]
40*Ar-39Ar

Mol 39Ar

´10–14

% Step Cum
[%]

40Ar*
[%]

Age
[Ma] ±Age

1 2   0.38475 0.034703 0.1 2.03833 0.1587 9.1   9.1 16.6 22.29797  0.59428

2 2.1 0.33555 0.014211 0.3 0.69465 0.1144 6.6 15.7 14.2 7.63005 0.5218  

3 2.3 0.65711 0.008705 1   0.48556 0.1955 11.2  26.9 16   5.33672 0.31572

4 ·2.5 0.56536 0.005601 1.4 0.26801 0.1985 11.4  38.3 14.1 2.9381 0.25411

5 ·2.7 0.58218 0.004424 1.8 0.2005  0.2046 11.8  50.1 13.5 2.19846 0.23023

6 ·2.9 1.03788 0.003624 3.9 0.27046 0.1527 8.8 58.9 20.8 2.96486 0.29909

7 ·3.1 0.57898 0.003581 2.2 0.2536  0.2093 12    70.9 19.7 2.78018 0.21588

8 ·3.3 0.63335 0.00362 2.4 0.25573 0.1142 6.6 77.5 19.7 2.80351 0.35681

9 3.5 1.30355 0.003906 4.5 0.39325 0.1037 6   83.4 26.3 4.30944 0.40547

10 3.7 1.00503 0.005323 2.5 0.2664  0.1115 6.4 89.8 14.8 2.92047 0.38718

11 4   1.43212 0.0069    2.8 0.43476 0.0931 5.3 95.2 18   4.76366 0.4918  

12 4.5 1.48271 0.009903 2  0.34925 0.0837 4.8 100    10.9 3.82772 0.56215

Integ. age = 5.4        0.3        

(·) Pla teau age = MSWD = 1.66  r = 0.16    steps 4–8 50.5  2.7         0.2       

Codes for the col umn ti tles are as fol lows: step – num ber of heat ing steps; Pwr/T°C – de gas sing power (dot in di cate pla teau); Ca/K – 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

Fig. 4. Stepwise ar gon re lease spec trum for a whole-rock lava sam ple 
from the Marr Point For ma tion of Pen guin Is land vol cano

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. 5A – typ i cal de mag neti sa tion char ac ter is tics of the stud ied ba saltic sam ple from the Pen guin Is land; 
B – cor re la tion of ob tained nor mal mag netic po lar ity and Ar-Ar iso tope age to the GPTS (Gradstein et al., 2004)

a – ste reo graphic pro jec tion of de mag neti sa tion path; b – in ten sity de cay curve; c – or thogo nal plot; d – ste reo graphic pro jec tion
of line fit palaeomagnetic di rec tions iso lated from par tic u lar spec i mens with pa ram e ters of mean di rec tion (D, I – mean dec li na -

tion and in cli na tion; a95, K – Fisher’s sta tis tics pa ram e ters, n – num ber of spec i mens; Irm – in ten sity of remanent mag net is ation,
Inrm – ini tial in ten sity of remanent mag net is ation; open (closed) sym bols de note up ward (down ward) point ing in cli na tions



nic pro cesses that ac com pa nied the open ing of Bransfield Strait 
took place in the mid dle Plio cene.

Ac knowl edge ments. This study was sup ported by a grant
of the Pol ish Min is try of Sci ence and Higher Ed u ca tion (No. N
N307 058434). The field work was car ried out dur ing the ex pe -
di tion of The Ex plor ers Club (Flag 109) within the frame work

of the 33rd Pol ish Ant arc tic Ex pe di tion to the Arctowski Sta -
tion (King George Is land). We are grate ful to J. L. Smellie for
valu able com ments and sug ges tions that help to im prove the
manu script. We thank K. Chwedorzewska, M. Korczak,
P. Angiel and A. Wyraz for sup port dur ing the field works. We
are grate ful to G. Zieliński for an a lyt i cal work. Spe cial thanks
go to A. Scherstén from Lund Uni ver sity for Ar-Ar anal y sis. 

REFERENCES

BARKER D. H. N. and AUSTIN J. A. (1998) – Rift prop a ga tion, de tach -
ment fault ing, and as so ci ated magmatism in Bransfield Strait. Ant arc -
tic Pen in sula. J. Geoph. Res., 103: (B10): 24017–24043.

BARKER P. F. (1982) – The Ce no zoic subduction his tory of the Pa cific
mar gin of the Ant arc tic Pen in sula: ridge crest-trench in ter ac tions. J.
Geol. Soc. Lon don, 139: 787–801.

BARKER P. F. and DALZIEL I. W. D. (1983) – Prog ress in geodynamics in 
the Sco tia Arc re gion. In: Geodynamics of the East ern Pa cific Re gion
(ed. R. Cabre). Caribbaen and Sco tia Arcs. Geodyn. Ser., 9: 137–170.

BARTON C. M. (1961) – The ge ol ogy of King George Is land. Pre lim i nary
Re port, Falkland Is lands De pend en cies Sur vey, 12: 1–18.

BARTON C. M. (1965) – The ge ol ogy of South Shet land Is lands. III. The
stra tig ra phy of King George Is land. Br. Antarct. Surv. Sc. Rep., 44:
1–33.

BIRKENMAJER K. (1979) – Age of the Pen guin Is land Vol cano, South
Shet land Is lands (West Antarctica) by the Lichenometric Method.
Bull. Acad. Pol. Sc. Ser. Sc. Terre, 27 (1–2): 69–85.

BIRKENMAJER K. (1982) – The Pen guin Is land vol cano, South Shet land
Is lands (Antarctica) – its struc ture and suc ces sion. Stud. Geol. Pol.,
74: 155–173.

BIRKENMAJER K. (2001) – Me so zoic and Ce no zoic strati graphic units
in parts of the South Shet land Is lands and North ern Ant arc tic Pen in -
sula (as used by the Pol ish Ant arc tic Programmes). In: Geo log i cal Re -
sults of the Pol ish Ant arc tic Ex pe di tions. Part XIII (ed. K.
Birkenmajer). Stud. Geol. Pol., 118.

BIRKENMAJER K., DELITALA M. C., NARĘBSKI W., NICOLETTI M.
and PETRUCCIANI C. (1986) – Geo chron ol ogy of Ter tiary is land-arc 
volcanics and glacigenic de pos its, King George Is land, South
Shetland Is lands (West Antarctica). Bull. Acad. Pol. Ser. Sc. Terre.,
34: 257–273.

BIRKENMAJER K. and KELLER R. A. (1990) – Pleis to cene age of the
Mel ville Peak vol cano, King George Is land, West Antarctica by K-Ar
dat ing. Bull. Pol. Acad. Sc. Earth Sc., 38:17–24.

DADD K. A. (1992) – Struc tures within large vol ume rhy o lite lava flows
of the De vo nian Comerong Volcanics, south east ern Aus tra lia, and the
Pleis to cene Ngongotaha lava dome, New Zea land. J. Volcanol.
Geotherm. Res., 54: 33–51.

DALRYMPLE G. B. and LAMPHERE M. A. (1971) – 40Ar/39Ar tech nique 
of K/Ar dat ing: a com par i son with the con ven tional tech nique. Earth
Planet. Sc. Lett., 12: 300–308.

FISK M. R. (1990) – Vol ca nism in the Bransfield Strait, Antarctica. J.
South Am. Earth Sc., 3: 91–101.

FRETZDORFF S., WORTHINGTON T. J., HAASE K. M., HÉKINIAN
R., KELLER R. A. and STOFFERS P. (2004) – Magmatism in the
Bransfield Ba sin: rift ing of the South Shet land Arc? J. Geoph. Res.,
109: B12208, doi:10.1029/2004JB003046

GALINDO-ZALDIVAR J., GAMBOA L., MALDONADO A., NAKAO
S. and BOCHU Y. (2006) – Bransfield Ba sin Tec tonic Evo lu tion. In:
Antarctica: Con tri bu tions to Global Earth Sci ences (eds. D. K.
Fütterer, D. Damaske, G. Kleinschmidt, H. Miller and F. Tessensohn):
243–248. Springer-Verlag. Berlin–Hei del berg–New York. 

GONZÁLEZ-FERRÁN O. (1991) – The Bransfield rift and its ac tive vol -
ca nism. In: Geo log i cal Evo lu tion of Antarctica (eds. M. R. A.
Thomson, J. A. Crame and J. W. Thomp son): 505–509. Cam bridge
Uni ver sity Press, Cam bridge.

GRADSTEIN F. M., OGG J. G. and SMITH A. (2004) – Geo log i cal Time
Scale 2004. Cam bridge Uni ver sity Press, Cam bridge

HAWKES D. D. (1961) – The ge ol ogy of South Shet land Is lands. Sci en -
tific Re ports, Falkland Is lands De pend en cies Sur vey, 26: 1–43.

KELLER R. A. and FISK M. R. (1992) – Qua ter nary mar ginal ba sin vol ca -
nism in the Bransfield Strait as a mod ern an a logue of the south ern
Chil ean ophiolite. In: Ophiolites and their Mod ern An a logues (eds. L.
M. Par son, B. J. Murton  and P. Brown ing). Geol. Soc. Lon don Spec.
Publ., 60: 155–170.

KELLER R. A., FISK M. R., SMELLIE J. L., STRELIN J. A., LAWVER
L. A. and WHITE W. M. (2002) – Geo chem is try of backarc ba sin vol -
ca nism in Bransfield Strait. Antarctica: subducted con tri bu tions and
along-axis vari a tions. J. Geoph. Res., 107 (B8): 4.1–4.17.

KELLER R. A., FISK M. R., WHITE W. M. and BIRKENMAJER K.
(1991) – Iso to pic and trace el e ment con straints on mix ing and melt ing
mod els of mar ginal ba sin vol ca nism. Bransfield Strait. Antarctica.
Earth Planet. Sc. Lett., 111: 287–303.

KIRSCHVINK J. L. (1980) – The least square line and plane and the anal y -
sis of paleomagnetic data. Geoph. J. Royal Astr. Soc., 62: 699–718.

KRAUS S. (2005) – Mag matic dyke sys tems of the South Shet land Is lands
vol ca nic arc (West Antarctica): re flec tions of the geodynamic his tory.
Dis ser ta tion. LMU Mu nich: Fac ulty of Geosciences: http://nbn-re -
solv ing.de/urn:nbn:de:bvb:19-38277

KRETZ R. (1983) – Sym bols for rock-form ing min er als. Am. Miner., 68:
277–279.

LAWVER L. A., KELLER R. A., FISK M. R. and STRELIN J. A. (1995) –
Bransfield Strait, Ant arc tic Pen in sula: ac tive ex ten sion be hind a dead
arc. In: Back Arc Bas ins: Tec ton ics and Magmatism Vol ume (eds. B.
Tay lor): 315–342. Ple num Press. Am ster dam. 

LAWVER L. A., SLOAN B. J., BARKER D. H. N., GHIDELLA M., von
HERZEN R. P., KELLER R. A., KLINKHAMMER G. P. and CHIN C. 
S. (1996) – Dis trib uted ac tive ex ten sion in Bransfield Ba sin. Ant arc tic
Pen in sula: ev i dence from multibeam bathymetry. GSA To day, 6: 1–6.

Le MAITRE R. W., BATEMAN P., DUDEK A., KELLER J., LAMEYRE
J., Le BAS M., SABINE P. A., SCHMID R., SORENSEN H.,
STRECKEISEN A., WOOLEY A. R. and ZANETTIN B. (1989) – A
clas si fi ca tion of ig ne ous rocks and glos sary of terms. Recomendations
of the In ter na tional Un ion of Geo log i cal Sci ences Subcomission on
the Sys tem at ics of Ig ne ous Rocks. Blackwell. Ox ford.

MALDONADO A., LARTER R. D. and ALDAYA F. (1994) – Forearc tec -
tonic evo lu tion of the South Shet land mar gins. Tec ton ics, 10:
1345–1370.

NAWROCKI J., PAŃCZYK M. and WILLIAMS I. S. (2011) – Iso to pic
ages of se lected mag matic rocks from King George Is land (West
Antarctica) con trolled by magnetostratigraphy. Geol. Quart., 55 (4)
301–322.

RENNE P. R., SWISHER C. C., DEINO A. L., KARNER D. B., OWENS
T. L. and DEPAOLO D. J. (1998) – Intercalibration of stan dards, ab so -
lute ages and un cer tain ties in 40Ar/39Ar dat ing. Chem. Geol., 145:
117–152.

SMELLIE J. L. (1990) – Gra ham Land and South Shet land Is lands. Sum -
mary. In: Vol ca noes of the Ant arc tic Plate and South ern Oceans (eds.
W. E. LeMasurier and J. W. Thomson): 303–312. Wash ing ton D. C.
Am. Geoph. Un ion. 

342 Magdalena Pańczyk and Jerzy Nawrocki



SMELLIE J. L., LÓPEZ-MARTÍNEZ J., THOMSON M. R. A. and oth ers
(2002) – Ge ol ogy and geo mor phol ogy of De cep tion Is land. BAS
GEOMAP Se ries. Sheets 6-A and 6-B. 1:25 000. Sup ple men tary text.
Brit ish Ant arc tic Sur vey, Cam bridge. 

SMELLIE J. L., MILLAR I. L., REX D. C. and BUTTERWORTH P. J.
(1998) – Sub aque ous. ba saltic lava dome and car a pace brec cia on
King George Is land, South Shet land Is lands, Antarctica. Bull.
Volcanol., 59: 245–261.

SMELLIE J. L., PANKHURST R. J., THOMSON M. R. A. and DAVIES
R. E. S. (1984) – The ge ol ogy of the South Shet land Is lands. VI. Stra -
tig ra phy. Geo chem is try and Evo lu tion. Br. Antarct. Surv. Sc. Rep., 87.

STEIGER R. H. and JÄGER E. (1977) – Subcomission on geo chron ol ogy:
con ven tion on the use of con stants in geo- and cosmochronology.
Earth Planet. Sc. Lett., 36: 359–362.

SUN S. S. and McDONOUGH W. F. (1989) – Chem i cal and iso to pic sys -
tem at ics of oce anic bas alts: im pli ca tions for man tle com po si tion and
pro cesses. In: Magmatism in Ocean Bas ins (eds. A. D. Saunders and
M. J.  Norry). Geol. Soc. Lon don, Spec. Pub., 42: 313–345.

TROEDSON A. L. and RIDING J. B. (2002) – Up per Oligocene to low er -
most Mio cene strata of King George Is land, South Shet land Is lands,
Antarctica: stra tig ra phy, fa cies anal y sis and im pli ca tions for the gla -
cial his tory of the Ant arc tic Pen in sula. J. Sed. Res., 72: 510–523.

TROEDSON A. L. and SMELLIE J. L. (2002) – The Polonez Cove For ma -
tion of King George Is land, Antarctica: stra tig ra phy, fa cies and im pli -
ca tions for mid-Ce no zoic cryosphere de vel op ment. Sedimentology,
49: 277–301.

WEAVER S. D., SAUNDERS A. D., PANKHURST R. J. and TARNEK J.
(1979) – A geo chem i cal study of magmatism as so ci ated with the ini tial 
stages of back-arc spread ing. The Qua ter nary volcanics of Bransfield
Strait from South Shet land Is lands. Contrib. Miner. Petrol., 68:
151–169.

ZIJDERVELD J. D. A. (1967) – AC de mag ne ti za tion of rocks: anal y sis of
re sults. In: Meth ods in Paleomagnetism (eds. D. W. Collinson et al.):
254–287. Elsevier, New York. 

Plio cene age of the old est ba saltic rocks of Pen guin Is land (South Shet land Is lands, north ern Ant arc tic Pen in sula) 343


