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Iso to pic ages of se lected mag matic rocks from King George Is land
(West Antarctica) controlled by magnetostratigraphy
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Nawrocki J., Pańczyk M. and Wil liams 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. Warszawa. 

Iso to pic and palaeomagnetic stud ies were car ried out in the cen tral part of King George Is land. Se lected mafic to in ter me di ate ig ne ous
rocks were sam pled for this pur pose. Sin gle-grain U-Pb dat ing of zir cons from bas alts to dacites was con trolled by a whole rock 40Ar-39Ar 
data and the magnetostratigraphy. Five mag matic ac tiv ity phases were dis tin guished in the SE coast of King George Is land. The old est,
late Cre ta ceous (Campanian) phase rep re sented by bas alts of the Uchatka Point For ma tion are fol lowed by the early to mid dle Eocene
(~53–43 Ma) phase doc u mented by the lava flows whose ages de crease from SW to NE. Next youn ger mag matic ac tiv ity phases were re -
corded by the lava flows or ver ti cal in tru sions emplaced in the late Eocene (~ 37–35 Ma), late Oligocene (~28–25 Ma) and late Plio cene
to Ho lo cene. The  early to mid dle Eocene mag matic ac tiv ity phase was the most ex ten sive, pro duc ing the larg est vol ume of magma in the
study area. The new age de ter mi na tions al low a more pre cise and cred i ble strati graphic cor re la tion of the interbeds of sed i men tary rocks

ob served in some places within the mag matic suc ces sion. The gla cial prov e nance of the Herv¾ Cove diamictite is not ob vi ous. It might
rep re sent a moun tain river en vi ron ment. In tense vol ca nic ac tiv ity could be ad di tional fac tor mod el ling the cli mate con di tions of
Antarctica in Paleogene.
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INTRODUCTION

King George Is land lies in the mid dle of the South Shet land 
Ar chi pel ago (Fig. 1A), at the south ern mar gin of the South
Sco tia Ridge. It is sub di vided into four ma jor tectono -
stratigraphic units: the ax ial Barton Horst, the north ern Fildes
Block, the south ern Warszawa Block and the south ern most
Kraków Block (Fig. 1B). The Ce no zoic strata on King George
Is land, mostly ba saltic and andesitic rocks with ter res trial sed i -
men tary in ter ca la tions and in truded by dykes and plugs
(Birkenmajer, 2003), con tain sed i ments re flect ing gla cial and
inter gla cial events that af fected the South Shet land Is lands and
Ant arc tic Pen in sula (Birkenmajer, 2001; Troedson and
Smellie, 2002; Troedson and Rid ing, 2002).  

Al though cru cial for palaeoclimatic and palaeotectonic re -
con struc tions, the ages of ig ne ous rocks from King George Is -
land are still not suf fi ciently con strained. Many of the vol ca nic
rocks and some hypa bys sal in tru sions from the is land have

been dated us ing whole-rock K-Ar and, more re cently,
40Ar-39Ar meth ods (e.g., Birkenmajer et al., 1983a, b, 1986,
2005; Smellie et al., 1984, 1998; Willan and Armstrong, 2002;
Kraus, 2005; Kraus et al., 2007). The first re con nais sance ap -
pli ca tions of a com bi na tion of the SHRIMP method for sin -
gle-grain U-Pb dat ing of zir con and 40Ar-39Ar age es ti ma tion
(Fig. 1C) have in di cated that this meth od ol ogy might be ef fec -
tive and ac cu rate (Pańczyk et al., 2009; Nawrocki et al., 2010).
The ob tained new iso to pic ages sub stan tially re fine the ex ist ing 
strati graphic chart of King George Is land. Sin gle-grain U-Pb
dat ing of zir con sep a rated from the ba saltic to dacite strat i fied
rocks of the cen tral part of King George Is land has given
Eocene ages (53.0 ±0.7 to 47.8 ±0.5 Ma). In one lo cal ity, they
have been sup ported by the re sults of whole rock 40Ar-39Ar age
mea sure ments on an an de site sam ple from the Demay Point
For ma tion (op. cit.), pre vi ously con sid ered (Birkenmajer,
2001) to be of Late Cre ta ceous age. The Late Cre ta ceous whole 
rock 40Ar-39Ar age was de fined for the basal bas alts of the
Uchatka Point For ma tion only (Nawrocki et al., 2010). 
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Fig. 1A – lo ca tion of the stud ied area on King George Is land, South Shet land Is lands, north ern Ant arc tic Pen in sula; B – struc tural units
of King George Is land (af ter Birkenmajer, 2003); C – sites of iso to pic stud ies on the back ground of a geo log i cal map of King George Is land

(af ter Birkenmajer, 2003, sim pli fied); D – syn thetic pro file of Mount Wawel sec tion with sam pling sites marked 

A: EF – Ezcurra Fault; C: 1 – Llano Point For ma tion at Patelnia Pen in sula: 50.8 ±1.2 Ma (40Ar-39Ar), 2 – Blue Dyke hypa bys sal in tru sion: 25.4 ±0.4 Ma
(U-Pb), 3 – Llano Point For ma tion near the Blue Dyke: 52.3 ±0.5 Ma (40Ar-39Ar), 4 – Uchatka Point For ma tion: 75.4 ±0.9 Ma (40Ar-39Ar), 5 – Demay
Point For ma tion near the Par a dise Cove: 52.6 ±0.8 Ma (U-Pb), 6 – Demay Point For ma tion near the Brama: 53 ±0.7 Ma (U-Pb), 52.7 ±0.6 Ma
(40Ar-39Ar), 7 – Jar dine Peak hypabbysal in tru sion: 27.9 ±0.3 Ma (U-Pb), 8 – Point Thomas Fomation (Ital ian Val ley Mem ber): 44.1 ±1.3 Ma
(40Ar-39Ar), 9 – Point Thomas For ma tion (Ital ian Val ley Mem ber, ca. 50 m above point 8): 44.6 ±0.4 Ma (40Ar-39Ar), 10 – Point Thomas For ma tion
(Herv¾ Cove Mem ber, be low the diamictite): 47.6 ±0.4 Ma (40Ar-39Ar), 11 – Point Thomas For ma tion (Herv¾ Cove Mem ber, above the diamictite): 48.1
±0.2 Ma (40Ar-39Ar), 48.9 ±0.7 Ma (U-Pb), 12 – Znosko Gla cier For ma tion: 45.5 ±0.3 Ma (40Ar-39Ar), 47.8 ±0.5 Ma (U-Pb), 13 – granodiorite of the
Wegger Peak in tru sion: 49.1 ±0.4 Ma (U-Pb), 14 – Viéville Gla cier For ma tion: 46.8 ±0.3 Ma (40Ar-39Ar), 48.7 ±0.6 Ma (U-Pb), 15 – Mount Wawel For -
ma tion: 46.0 ±0.3 Ma, 43.8 ±0.3 Ma (40Ar-39Ar)



The main goal of the pres ent work is to con tinue re fine ment 
of the chronostratigraphy of volcanogenic rocks from the cen -
tral part of King George Is land us ing a com bi na tion of
SHRIMP, 40Ar-39Ar and magnetostratigraphic data. Well-con -
strained stra tig ra phy of the mag matic suc ces sion should al low
a more pre cise de ter mi na tion of the ages of the sed i men tary
rocks that oc cur oc ca sion ally among the lava flows.  

A GENERAL STRATIGRAPHY 
OF THE ROCKS

Part of the Warszawa Block, ex posed on the west ern coast
of Ad mi ralty Bay be tween Bransfield Strait and Ezcurra In let,
con sists of rocks con sid ered to be of Up per Cre ta ceous through 
Eocene/Oligocene age (Birkenmajer, 2001, 2002, 2003). They
are sub di vided into the Par a dise Cove and Baranowski Gla cier
groups that con sist of five for ma tions: the Uchatka Point (bas -
alts), Creep ing Slope (ter res trial de pos its), Demay Point
(mainly fel sic vol ca nic rocks), Llano Point (ba saltic-andesitic
lavas; Fig. 2A and B) and Zamek (ba saltic-andesitic and
andesitic lavas) (op. cit.). The new U-Pb and whole rock
40Ar-39Ar iso to pic ages mea sured on the rocks of the Par a dise
Cove Group (Nawrocki et al., 2010) in di cate that this strati -
graphic unit should be lim ited to Uchatka Point and most prob -
a bly to the Creep ing Slope For ma tion only (Fig. 3). The Demay 
Point For ma tion yielded an early Eocene age (50.8–53.7 Ma).
The Ezcurra In let Group ex posed along the NW coast of
Ezcurra fiord (Fig. 2C) seems to be slightly youn ger. Sin -
gle-grain zir con U-Pb dat ing of the lava flow from its top part
(Point Thomas For ma tion) gave a mean age of 48.9 ±0.7 Ma
(op. cit.).

Ex po sures of the Warszawa Block oc cur also be tween
Point Hennequin and Dobrowolski Gla cier, along the south ern
coast of Martel In let (Fig. 1C and D). An de site lavas, lay ered
pyroclastics, vent brec cias, plugs, and plant-bear ing
volcanoclastic de pos its are clas si fied here as the Point
Hennequin Group sub di vided into the Viéville Gla cier and the
Mount Wawel for ma tions (see Birkenmajer, 2003). K-Ar dates 
sug gest a mid dle Eocene age for the Viéville Gla cier For ma tion 
(Birkenmajer, 1989). A late Oligocene (Chattian) age for the
Mount Wawel For ma tion was in di cated also by a set of K-Ar
es ti ma tions (op. cit.). 

The most prox i mal part of the Barton Horst in the study
area forms Dufayel Is land lo cated in the mid dle part of the
Ezcurra In let (Fig. 1C and D). Mag matic rocks of the Dufayel
Is land are cor re lated with the Znosko Gla cier For ma tion
(Birkenmajer, 2001). Zir con grains ex tracted from an de site
lava on the south ern slope of Dufayel Is land gave a mean age of 
47.8 ±0.5 Ma (Nawrocki et al., 2010). They are partly dis -
solved and there fore an age link be tween their crystallisation
and magma em place ment is not so ob vi ous. Nev er the less, it
can be stated def i nitely that the rocks at trib uted in this area to
the Znosko Gla cier For ma tion can not be older than mid dle
Eocene.

RESEARCH MATERIAL 

Two sam ples Pt-2 and BD-13 were taken for 40Ar-39Ar  iso -
to pic stud ies from the Llano Point For ma tion at Patelnia Pen in -
sula and in the vi cin ity of the Blue Dyke (Fig. 2A and B). An -
other four sam ples (PL-7, PL-16, PH-1 and PH-3) were col -
lected for this pur pose from the rocks of the Point Thomas For -
ma tion at Hervé Cove (Fig. 2C). One of them (PH-3) was taken
from the lava flow over ly ing the Hervé Cove diamictite
(Fig. 2E), dated ear lier by the U-Pb SHRIMP method (Nawrocki 
et al., 2010). One sam ple spec i fied here as DL-10 was taken
from the same piece of rock of the Znosko Gla cier For ma tion at
Dufayel Is land (Fig. 2D), that was used for the aim of sin gle
grain U-Pb dat ing of zir con. The re sults of this age es ti ma tion
and mag netic po lar ity de ter mi na tions in all the sam ples were pre -
sented in our ear lier pa per (op. cit.). Two sam ples MW-2 and
MW-7 for 40Ar-39Ar  iso to pic stud ies and one sam ple MW-9 for
sin gle grain U-Pb dat ing of zir con were col lected from the lava
flows of the Mount Wawel sec tion that con sists of the Viéville
Gla cier and Mount Wawel for ma tions. These sam ples and five
clasts of con glom er ate and autobreccia, found in the mid dle part
of the Viéville Gla cier For ma tion (Figs. 1D and 2F), were also
ex am ined for magneto stratigraphy.

The Llano Point For ma tion near the Blue Dyke and at
Patelnia Pen in sula (Figs. 1C and 2A, B) com prises mas sive,
dark grey lava flows. The ba saltic rocks con tain plagioclase
and clinopyroxene pheno crysts (Fig. 4B), whereas the
groundmass con sists of plagioclase, clinopyroxene and rare
titanomagnetite and ap a tite crys tals. The plagioclase crys tals
oc cur as euhedral and subhedral pheno crysts show ing
zonation, which spo rad i cally form glomerocrysts, and as tiny,
less than 0.5 mm in length, ir reg u larly and ran domly ori ented
laths in the groundmass. All of them show chem i cal zon ing.
The core and the rims of the plagioclase crys tals yielded the
bytownite and lab ra dor ite com po si tions, re spec tively. The lava
flows from the Blue Dyke area are much more al tered than the
lavas from Patelnia Pen in sula. It could be ex plained by hy dro -
ther mal ac tiv ity re lated to the Blue Dyke in tru sion. The vol ca -
nic se quence from Herv¾ Cove (south ern coast of Ezcurra In let, 
Point Thomas For ma tion) com prises lava flows from 2 to 20 m
thick ness, volcaniclastic lay ers (pyroclastic rocks and lahar de -
pos its) and diamictite within the up per part of the sec tion. Gen -
er ally, the vol ca nic rocks from Herv¾ Cove are crys tal-rich,
por phy ritic, dark grey, gray ish-green or red rocks, com monly
al tered. The lava flows are char ac ter ized by por phy ritic, usu ally 
glomeroporphyritic, intersertal or inter gra nu lar tex ture within
the lower part of the sec tion and by por phy ritic, glomero -
porphyritic, mas sive, apha ni tic tex ture above the diamictite.
Lo cally, ve sic u lar tex ture is no tice able. Ir reg u lar in shape,
rarely slightly elon gated ves i cles are filled by hy dro ther mal
min er als such as quartz, al bite, zeolites and phyllosilicates. The
lava flows are char ac ter ized by a very sim i lar min eral
paragenesis in a dif fer ent pro por tion. The con tent, size, shape
and dis tri bu tion of pheno crysts are vari able and spe cific for
each lava flow. Typ i cally, vol ca nic rocks com prise plagioclase
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and clinopyroxene as pheno crysts (Fig. 4C and D), whereas the 
groundmass con tains plagioclase, clinopyroxene, titano -
magnetite, mag ne tite, and rare cop per and cu prite as well as ap -
a tite crys tals found as in clu sions within the mag netic min er als.
Al most all of the plagioclase crys tals show chem i cal zon ing.
The core and the rims of the plagioclase crys tals are usu ally of
bytownite and lab ra dor ite com po si tion, re spec tively. The
clinopyroxene pheno crysts (augite) con tain titanomagnetite in -
clu sions. Lava flows from Dufayel Is land (Znosko Gla cier For -
ma tion) are green ba saltic rocks with mi cro veins con tain ing

hy dro ther mal min er als. The vol ca nic rocks are char ac ter ized
by por phy ritic, amygdoidal tex ture and com prise clino -
pyroxene and strongly al tered plagioclase pheno crysts of lab ra -
dor ite com po si tion. The ves i cles are usu ally filled by hy dro -
ther mal min er als such as al bite, quartz and chlorite. The
groundmass (Fig. 4A) as well as pheno crysts are strongly al -
tered (carbonatisation and chloritisation) and con tain rel ics of
plagioclase, clinopyroxene and titanomagnetite. Sev eral dark
grey lava flows of Mount Wawel (Viéville Gla cier For ma tion
and Mount Wawel For ma tion) are mas sive, ex clud ing lavas
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Fig. 2. Photo im ages of sam pling sites

A – Llano Point For ma tion on the Patelnia Pen in sula; B – Llano Point For ma tion near to the Blue Dyke; C – bot tom part of the Point

Thomas For ma tion in the Ezcurra In let; D – Dufayel Is land in the Ezcurra In let; E – diamictite from the Herv¾ Cove; F – Mount Wawel 
con glom er ate (sam ples MW: 15-17), autobreccia (sam ples MW: 12-13) and lava flow (MW-18)



from the mid dle part of the sec tion. The andesites are char ac ter -
ized by por phy ritic, com monly glomeroporphyritic, intersertal
or inter gra nu lar tex ture within the lower and mid dle part of the
sec tion and mas sive, por phy ritic, glomero porphyritic, apha ni -
tic texure above the ag glom er ate sensu Birkenmajer (1981).
Typ i cally, the lava flows com prise plagioclase, clinopyroxene
(Ti-augite) and orthopyroxene (hyperstene) as pheno crysts,
whereas the groundmass con tains plagioclase, clinopyroxene,
orthopyroxene, titanomagnetite, mag ne tite, opaque min er als
and ap a tite and zir con crys tals found as in clu sions within the
mag netic min er als. Con glom er ate found in the mid dle part of
the Mount Wawel sec tion (Fig. 1D) com prises clasts of
andesitic lavas. The clasts are char ac ter ized by por phy ritic,
inter gra nu lar, amyg da loid al tex ture, whereas the ves i cles are
in field by chlorite. The pheno crysts of plagioclase,
clinopyroxene and orthopyroxene as well as groundmass is
strongly al tered. The first lava flow above the Mount Wawel
con glom er ate is char ac ter ized by amyg da loid al tex tures. The
ir reg u larly shaped, some times slightly elon gated ves i cles are
rimmed by chlorite and infilled by zeolites, which were iden ti -
fied as chabazites (Ta ble 1; Figs. 5 and 6).

These se quences of vol ca nic rocks con tain be tween
45–65 wt.% of SiO2. On the TAS clas si fi ca tion di a gram (Le
Maitre et al., 1989), the rocks are mainly bas alts, ba saltic an de -
site and an de site with some trachybasalts, ba saltic trachy -
andesite and trachydacite. The old est lava flows from Par a dise
Cove (Uchatka Point For ma tion; Nawrocki et al., 2010) and
the lavas from the Blue Dyke area as well as from Patelnia Pen -
in sula (Llano Point For ma tion) fall within the ba saltic and ba -
saltic an de site field (Fig. 7A). The lavas of Demay Point
Formation plot in trachyandacite field. Sam ples from the Herv¾

Cove sec tion (Point Thomas For ma tion) are much var ied and
plot in four sep a rate fields. The lava flows from the lower part
of the Herv¾ Cove sec tion fall within the ba saltic field. How -
ever, some lava flows from the mid dle and up per part of the
Hervé sec tion, com monly up to 3–4 m thick ness, are en riched
in al ka lis due to post-mag matic al ter ation, and plot in the
trachybasalt and ba saltic trachyandesite field. The up per most
lava flow of that sec tion shows a dif fer ent chem i cal com po si -
tion and falls within the an de site field. The sam ples of lava
flows from Mount Wawel are mainly andesites, some sam ples
fall within the ba saltic an de site and ba saltic trachyandesite. The 
weakly al tered sam ples from Dufayel Is land fall within the ba -
saltic trachyandesite, ba saltic an de site and trachyandesite. Plot -
ted on the clas si fi ca tion di a gram of Winchester and Floyd
(1977; Fig. 7B), the com po si tion of the lava flows from Par a -
dise Cove, Blue Dyke area and Patelnia Pen in sula as well as
from the lower and mid dle part of the Hervé sec tion fall within
the ba salt field. The sam ples from Mount Wawel, the up per
part of the Hervé sec tion and Dufayel Is land fall within the an -
de site field. The lava flows of Demay Point cor re spond to the
rhyodacite/dacite field.

RESEARCH METHODS

ISOTOPIC STUDIES

All the whole-rock sam ples taken for 40Ar-39Ar geo chron -
ol ogy were crushed by hand or with a jaw-crusher and sub se -
quently milled us ing a swing-mill. They were cleaned and pro -
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Fig. 3. Warszawa Block lithostratigraphy ac cord ing to Birkenmajer (2002, 2003)
set in the chronostratigraphy af ter Nawrocki et al. (2010)

Global geo chron ol ogi cal frames were adopted from Gradstein et al. (2004)



cessed into a range of grain-sizes and the 0.25–0.5 mm frac tion
was se lected. 40Ar-39Ar geo chron ol ogy was car ried out at the
40Ar-39Ar geo chron ol ogi cal lab o ra tory at 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., 1994) for 24 hours at 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. The de cay con stants 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 Far a day and elec tron mul ti plier de tec tors. A
metal ex trac tion line, which con tains two SAES C50-ST101
Zr-Al get ters and a cold fin ger cooled to ca. –155°C by a
Polycold P100 cryo genic re frig er a tion unit, is also pres ent.
Whole rock sep a rates were loaded into a cop per plan chette that
con sists of sev eral 3 mm holes. Sam ples were step-heated us -
ing a defocused 50W CO2 la ser. The la ser was rastered over the 
sam ples to pro vide even heat ing of all grains. The en tire  an a -
lyt i c al pro cess is au to mated and runs on a Macintosh-steered
OS 10.2 with soft ware mod i fied spe cif i cally for the lab o ra tory

at the Uni ver sity of Lund and de vel oped orig i nally at the
Berke ley Geo chron ol ogy Cen ter by Al Deino. Time zero re -
gres sions were fit ted to data col lected from 10 scans over the
mass range of 40 to 36. Peak heights and back grounds were
cor rected  for mass dis crim i na tion, iso to pic de cay and in ter fer -
ing nucleogenic Ca-, K- and Cl-de rived iso topes. Iso to pic pro -
duc tion val ues for the cad mium lined po si tion in the OSU re ac -
tor are 36Ar-37Ar(Ca) = 0.000264, 39Ar-37Ar(Ca) = 0.000695
and  40Ar-39Ar(K) = 0.00073. 40Ar blanks were cal cu lated be -
fore ev ery new sam ple and af ter ev ery three sam ple steps.
Blank val ues were sub tracted for all in cre men tal steps from the
sam ple sig nal. The lab o ra tory was able to pro duce very good
in cre men tal gas splits, us ing a com bi na tion of in creas ing time
at the same la ser out put, fol lowed by in creas ing la ser out put.
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. In some places
where a sta tis ti cal over lap of steps is not ob tained, a forced-fit
age is given over a cer tain per cent age of gas. 40Ar-39Ar  geo -
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Fig. 4. Pho to mi cro graphs of sam ples ana lysed

A – lava flow from Dufayel Is land: pheno crysts of clinopyroxene and al tered plagioclase within in ten sive over printed groundmass (BSE – back-scat tered
elec tron im age); B – lava flow from Blue Dyke area: pheno crysts of clinopyroxene and plagioclase (crossed polars); C – lava flow from lower part of Brec -
cia Crag, Herv¾ Cove: phenocryst of zoned plagioclase within the inter gra nu lar groundmass (BSE im age); D – lava flow from up per part of Herv¾ pro file
(above diamictite): pheno crysts of plagioclase and clinopyroxene within microcrystalline groundmass (crossed polars); sym bols for rock-form ing min er -
als af ter Kretz (1983): Cpx – clinopyroxene, Pl – plagioclase



chron o l 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. 

Sam ples for zir con sep a ra tion were crushed and screened
af ter thor ough ex am i na tion of thin sec tions. Heavy min eral
frac tions were sep a rated us ing con ven tional heavy liq uid and
mag netic tech niques. Se lected zir con grains were hand-picked
from the con cen trates and mounted in ep oxy with zir con stan -
dards SL13 (U = 238 ppm) and TEMORA (206Pb-238U =
0.06683), sec tioned by pol ish ing, doc u mented by trans mit ted
and re flected light mi cros copy, then im aged by
cathodoluminescence (CL) us ing a Hitachi S-2250N SEM. The 
CL im ages were used to char ac ter ize the size, mor phol ogy and
in ter nal tex ture of each grain. Fol low ing CL ex am i na tion, 11
zir con grains were cho sen for sin gle-grain U-Pb dat ing us ing
the SHRIMP II at the Re search School of Earth Sci ences, Aus -
tra lian Na tional Uni ver sity, Can berra, and pro ce dures based on 
those de scribed by Wil liams and Claesson (1987). An a lyt i cal
con di tions were as fol lows: 10 kV neg a tive O2 pri mary ion
beam fo cused to ca. 25 µm di am e ter spot; 10 kV pos i tive sec -
ond ary ions; mass res o lu tion ca. 5000; iso tope ra tio mea sure -
ment by a sin gle elec tron mul ti plier and cy clic peak step ping.
Ages were cal cu lated us ing the con stants rec om mended by the
IUGS Subcommission on Geo chron ol ogy (Steiger and Jäger,
1977). Un cer tain ties in the cal cu lated mean 206Pb-238U ages are
95% con fi dence lim its, and in clude the un cer tainty in the Pb/U
cal i bra tion (0.17–0.25%). Com mon Pb cor rec tions were made
us ing 207Pb, as sum ing con cor dance and that the com mon Pb
was lab o ra tory de rived (Bro ken Hill ga lena com po si tion).

MAGNETOSTRATIGRAPHY

Ten hand ori ented sam ples were col lected from the Mount
Wawel sec tion. Sev eral core spec i mens, 2.5 cm di am e ter and
2.2 cm length, were drilled from each hand sam ple. Fi nally, 36
spec i mens were sub jected to al ter nat ing field (AF) de mag neti -
sa tion ex per i ment. The nat u ral rem nant magnetisations (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). Mag netic min er al ogy of lavas from the
cen tral part of King George Is land was de fined by Nawrocki et
al. (2010) us ing block ing tem per a tures and coercivity spec tra,
and es pe cially scan ning elec tron mi cro scope EDX anal y ses
and BSE im ag ing. Mag ne tite or titanomagnetite of dif fer ent
grain-sizes were de fined as com mon in these rocks.

RESULTS 

 WHOLE-ROCK 40Ar-39Ar ISOTOPE DATING

Ba saltic whole-rock sam ples PT-2 and BD-13  col lected
from the Llano Point For ma tion gave well-de fined Ar-Ar pla -
teau ages of 50.8 ±1.2 Ma and 52.3 ±0.5 Ma, re spec tively
(Fig. 8 and Ap pen dix), with me dium MSWDs (1.31 and 2.26) 
and me dium to low (sam ple BD-13) prob a bil i ties of c2dis tri -
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T a  b l e  1  

Ma jor el e ment and an hy drous cat ions abun dances of rep re sen ta tive chabazite from lava flow from the Mount Wawel

For mula SiO2 TiO2 Al2O3 MnO MgO FeO CaO Na2O K2O To tal El e va tion

1/1/1. 54.85 0.00 20.78 0.03 0.57 0.56 10.63 0.23 0.55 88.20 100

1/2/1. 54.35 0.00 20.34 0.03 0.45 0.54  9.92 0.50 0.60 86.73 100

1/3/1. 54.92 0.02 20.90 0.01 0.35 0.38 10.53 0.36 0.52 87.99 100

1/5/1. 55.02 0.00 20.99 0.04 0.59 0.67 10.47 0.26 0.52 88.56 100

2/1/1. 54.30 0.01 21.32 0.02 0.48 0.55 10.98 0.18 0.51 88.35 100

2/2/1. 54.54 0.00 21.32 0.01 0.53 0.59 10.61 0.29 0.53 88.42 100

2/4/1. 53.33 0.00 21.04 0.04 2.02 2.11   9.58 0.34 0.44 88.90 100

2/5/1. 53.81 0.03 21.15 0.00 1.01 1.15 10.22 0.36 0.42 88.15 100

For mula Si Ti Al Mn Mg Fe Ca Na K To tal

Mo lec u lar ra tio 

Al2O3/
(Ca, Na, K,

Mg)O

(Na + K)/Ca Al/Si

1/1/1. 10.99 0.00 4.91 0.01 0.17 0.09 2.28 0.09 0.14 18.68 0.955023364 0.100789 2.240163

1/2/1. 11.06 0.00 4.88 0.01 0.14 0.09 2.16 0.20 0.16 18.68 0.985451606 0.162275 2.266967

1/3/1. 11.01 0.00 4.94 0.00 0.11 0.06 2.26 0.14 0.13 18.65 0.985822684 0.122124 2.229086

1/5/1. 10.98 0.00 4.93 0.01 0.18 0.11 2.24 0.10 0.13 18.67 0.975093892 0.104111 2.224812

2/1/1. 10.87 0.00 5.03 0.00 0.15 0.09 2.36 0.07 0.13 18.71 0.967320261 0.08489  2.160771

2/2/1. 10.90 0.00 5.02 0.00 0.16 0.10 2.27 0.11 0.13 18.71 0.982977891 0.108667 2.170382

2/4/1. 10.69 0.00 4.97 0.01 0.60 0.35 2.06 0.13 0.11 18.93 0.892459605 0.118504 2.151277

2/5/1. 10.82 0.01 5.01 0.00 0.30 0.19 2.20 0.14 0.11 18.79 0.952670595 0.113079 2.159018

Chem i cal com po si tion of the zeolites were de ter mined us ing an elec tron microprobe Cameca SX 100 (Pol ish Geo log i cal In sti tute – Na tional Re search In -
sti tute in Warsaw)



bu tion. The age spec tra show only a very slight but ir reg u lar
de crease of ap par ent age from the low tem per a ture steps to -
ward the in ter me di ate or high tem per a ture steps. Ba saltic
subsamples PL-16 and PL-16a were taken from the same
piece of lava flow at trib uted to the Point Thomas For ma tion.
Their whole rock  40Ar-39Ar pla teau ages are very sim i lar i.e.
44.9 ±0.7 Ma and 44.6 ±0.4 Ma, re spec tively. A com pa ra ble
pla teau age of 44.1 ±1.3 Ma was also de fined for sam ple
PL-7, that was taken from the same sec tion but about 50 m be -
low. Clearly older whole rock pla teau ages were de fined for
two andesitic sam ples PH-1 and PH-3b that were taken close
to the Herv¾ Cove tillite. Sam ple PH-1 from the lava flow un -
der ly ing the tillite pro vided a pla teau age of  47.6 ±0.4 Ma.
Oth er wise, sam ple PH-3b taken from the lava flows over ly ing 
the tillite gave also a well-de fined pla teau age of 48.1
±0.2 Ma. It should be stressed that this age is 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 (Nawrocki et al.,
2010). A set of plagioclase grains was also sep a rated from this 
sam ple. They  gave a pla teau age of 41.5 ±0.8 Ma (Fig. 8).
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Fig. 6. Microprobe anal y ses of chaba zite from first lava flow above the
Mount Wawel con glom er ate (MWC) 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 

Di a gram of Si/Al ra tio ver sus (Na + K)/Ca for chabazites from Mount
Wawel lava flow. The hor i zon tal, discriminant line sep a rat ing “fields” of
ma rine al ter ation [(Na + K)/Ca >1.0) from fresh wa ter al ter ation [(Na +
K)/Ca <1.0) are from John son and Smellie (2007). The chaba zite com po si -
tion from the Mount Wawel lava flow sug gests its for ma tion in a fresh wa -
ter en vi ron ment

Fig. 5. Pho to mi cro graphs of the first lava flow above the Mount Wawel Con glom er ate

A – typ i cal ves i cle rimmed with chlorite and filled with chaba zite (BSE im age); B – ves i cles filled with chaba zite and rimmed
by smectite (PN – par al lel polars); C – chaba zite rimmed by chlorite (SE – sec ond elec tron im age); D – crys tals of chaba zite (SE im age); 

sym bols for rock-form ing min er als af ter Kretz (1983): Cbz – chaba zite, Chl – chlorite, Cpx – clinopyroxene, Pl – plagioclase



How ever, its  prob a bil i ties of c2dis tri bu tion is ex tremely low
(p = 0.01) and  con se quently it should be re garded as of poor
cred i bil ity. The same low val ues of p were re ceived for highly 
al tered an de site subsamples DL-10 and DL-10a taken from
one lava flow of the Znosko Gla cier For ma tion at Dufayel Is -
land. Pla teau ages cal cu lated for both the subsamples seem to
be, how ever, even con sis tent (45.02 ±0.2 Ma and 45.50
±0.3 Ma, re spec tively; Fig. 9) but sub stan tially youn ger than
the U-Pb SHRIMP zir con age (47.8 ±0.5 Ma) mea sured on
the same piece of rock (op. cit.).

Very con sis tent pla teau ages of 46.7 ±0.3 Ma and 46.8
±0.3 Ma were de fined for subsamples MW-7 and MW-7a, re -
spec tively, taken from the Viéville Gla cier For ma tion
(Fig. 1D). A sim i lar pla teau age of 46.0 ±0.3 Ma was de fined
for subsample MW-2 of the Mount Wawel For ma tion. How -
ever, the sec ond subsample MW-2a from the same piece of
andesitic rock pro vided a slightly youn ger age of 43.8 ±0.3 Ma.

SINGLE GRAIN 
ZIRCON U-Pb DATING 

Zir con iso to pic anal y ses of sam ple MW-9 are listed in Ta -
ble 2 and plot ted on con cordia di a grams in Fig ure 10.  The zir -
con had low to mod er ate U and Th con tents (127–500 ppm
and 1–17 ppm, re spec tively). The Th/U ra tio was mostly typ i -
cal of ig ne ous zir con. The low est val ues (0.29) were re ported
from one old (Early Or do vi cian) zir con grain. The rest of the
zir con pop u la tion had Th/U ra tios be tween 0.46 and 1.03. The 
SHRIMP data are con cor dant within an a lyt i cal un cer tainty
and form dis tinct clus ters. 10 of the 11 anal y ses of Eocene zir -
con from the Viéville Gla cier For ma tion have the same ra dio -
genic 206Pb/238U within an a lyt i cal un cer tainty, giv ing a

weighted mean age of 48.7 ±0.6 Ma. It can be stated there fore
that these zir con gains are of late Ypresian to ear li est Lutetian
age (Gradstein et al., 2004). One study of a smaller rounded
grain 7.1 gave a much higher 206Pb/238U age, 497 Ma (Ta -
ble 2). It had a very low Th/U ra tio com monly found in meta -
mor phic zir con from peraluminous rocks. This is prob a bly a
grain of ig ne ous zir con de rived from fine-grained sed i ment
(e.g., sandy mudstone) a small amount of which has con tam i -
nated the Eocene magma. 

MAGNETIC POLARITY OF SAMPLES
FROM THE MOUNT WAWEL SECTION

All the sam ples col lected from the Mount Wawel sec tion
were strongly mag net ised. The in ten sity of NRM ranged from
0.45 to 1.35 A/m. The NRM was de mag net ised in an al ter nat -
ing field of am pli tude up to 100 mT. It should be stressed that
more than 80% of the ini tial in ten sity of NRM was re moved in
a field not higher than 40 mT in sam ples MW-18, MW-2 and
MW-7 (Fig. 11A) taken from the lava flows. Autobreccia and
con glom er ate sam ples ap peared to be more re sis tant to the AF
de mag neti sa tion. The struc ture of NRM of the rocks was very
sim ple. Af ter re mov ing low coercivity mag net is ation in the
fields not higher than 20 mT, only one dis tinct char ac ter is tic
com po nent with steep in cli na tion re mained in most of the sam -
ples taken from the lava flows and in all the sam ples from con -
glom er ate boul ders. The sam ple of the lava flow that cov ers di -
rectly the con glom er ate (MW-18) and the sam ples taken from
this con glom er ate showed vir tu ally the same di rec tion
(Fig. 11B). It in di cates that the con glom er ate was most prob a -
bly re mag net ised by the lava flow. Autobreccia sam ples
MW-12 and MW-13 re vealed the pres ence of dis persed char -
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Fig. 7A – 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);
B – chem i cal clas si fi ca tion of vol ca nic suite us ing Zr/TiO2 vs. Nb/Y di a gram (Winchester and Floyd, 1977)



ac ter is tic com po nents with shal low in cli na tion and dif fer ent
dec li na tion that does not cor re spond to the ex pected N–S di rec -
tion. The same shal low pos i tive in cli na tion is ob served in sam -
ple MW-9 taken from the lava flow. How ever, its dec li na tion is 
ex actly south ern. Fi nally, sam ples MW-2, MW-9, MW-15,
MW-16, MW-17 and MW-18 can be re garded as con tain ing a
re versed po lar ity re cord. The nor mal po lar ity char ac ter is tic di -
rec tions were de fined for one hand sam ple MW-7 only
(Fig. 11C). This sam ple was taken from the lava flow form ing
the up per part of the Viéville Gla cier For ma tion. 

DISCUSSION

DETAILED CHRONOSTRATIGRAPHY

The U-Pb and 40Ar-39Ar ages mea sured on the rocks of the
Demay Point For ma tion (Nawrocki et al., 2010) are very con -
sis tent. The mag netic po lar ity of the dated sam ples cor re spond
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 were
emplaced be tween ~53 and ~51 Ma (Fig. 12).

As sum ing that the strati graphic suc ces sion has been cor -
rectly de ter mined and the Demay Point For ma tion un der lies
the Llano Point For ma tion (Birkenmajer, 2002, 2003), the
max i mum age of the lat ter should be ~51 Ma. This in ter pre ta -
tion is in agree ment with the  40Ar-39Ar age of re versely mag -
net ised sam ple PT-2 that well-cor re sponds to the lower part of 
the C22 mag netic po lar ity chron of GPTS. The sec ond sam ple 
of the Llano Point For ma tion, BD-13, re vealed the pres ence
of nor mal po lar ity palaeomagnetic di rec tion but its 40Ar-39Ar
age does not fit to the GPTS, more over over lap ping sub stan -
tially the age of the Demay Point For ma tion (Fig. 12). This
rather low qual ity (MSWD = 2.26, p = 0.05) 40Ar-39Ar pla teau
age is most prob a bly a bit older than the rock dated. The cor re -
la tion with the GPTS of good qual ity 40Ar-39Ar age de fined
for sam ple PT-2 (50.8 ±1.2 Ma) and the dual mag netic po lar -
ity re cord de fined for the Llano Point For ma tion in di cate that
the real age of these rocks is most prob a bly in cluded be tween
~52 and ~49.6 Ma. 

The nor mal po lar ity palaeomagnetic di rec tions char ac ter -
is tic of the Point Thomas For ma tion at Hervé Cove
(Nawrocki et al., 2010) do not cor re spond with the 40Ar-39Ar
pla teau ages de fined for sam ples PL-7, PL-16, PH-1 and
PH-3b. These ages fit to re versed po lar ity in ter vals of the
GPTS (Fig. 12). It should be stressed, how ever, that the
40Ar-39Ar ages de fined for the lava flows sur round ing the
diamictite at Hervé Cove (sam ple PH-1: 47.6 ±0.4 Ma, sam -
ple PH-3b: 48.1 ±0.2 Ma) are only slightly youn ger than the
U-Pb SHRIMP age de fined ear lier for sam ple PH-3 (op. cit.)
taken from the same piece of rock as sam ple PH-3b. This sin -
gle-grain zir con U-Pb dat ing gave a mean age of 48.9
±0.7 Ma. The nor mal po lar ity re cord of sam ple PH-3 can
there fore be cor re lated with the up per part of the C22 po lar ity
chron (49.4–48.6 Ma; Gradstein et al., 2004). Such age could
not be as cribed to the whole Point Thomas For ma tion but
only to its older part at Hervé Cove. De tailed field work dis -
closed that the Ezcurra In let sec tion of the Point Thomas For -
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Fig. 8. 40Ar-39Ar age spec tra from bas alts of the Llano Point For ma tion and ba saltic to andesitic rocks 
of the Point Thomas For ma tion



ma tion con sists of two dif fer ent parts, sep a rated by a fault, at
pres ent partly cov ered by the ice sheet. Our iso to pic ages sug -
gest that the lava flows and pyroclastic rocks ex posed be -
tween the Ital ian Val ley and Hervé Cove prob a bly form an in -
de pend ent youn ger unit. Its nor mal mag netic po lar ity
(Nawrocki et al., 2010) could be cor re lated with the up per

part of the C21 po lar ity chron (47.2–45.4 Ma) if we as sume
that the 40Ar-39Ar pla teau ages de fined for sam ples PL-7 and
Pl-16 are only slightly (~1.5 Ma) youn ger than the rocks
dated. Ac cord ing to our new data and due to lithological dif -
fer ences we sug gest that the Point Thomas For ma tion should
be sub di vided into two mem bers. First unit can be named the
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Fig. 9. 40Ar-39Ar age spec tra from rocks of the Znosko Gla cier, Viéville Gla cier and Mount Wawel For ma tions



Ital ian Val ley Mem ber. It can be lim ited to the youn ger part of 
the Ezcurra In let volcanogenic suc ces sion that crops out be -
tween Point Thomas and Dera Ice fall. For the more andesitic
lava flows con tain ing the diamictite at Hervé Cove we pro -
pose an other name – the Hervé Cove Mem ber (Fig. 12).

Re fer ring to the strati graphic suc ces sion of the Warszawa
Block de ter mined by Birkenmajer (2002, 2003) we can con -
clude that there were no long time for the de po si tion of the
Arctowski Cove and Zamek for ma tions (Fig. 2B), not stud ied
herein. The Zamek For ma tion was most prob a bly emplaced in
a rel a tively nar row time in ter val of ca. 50 Ma ago or it partly
over laps in time the neigh bour ing for ma tions. The strati graphic 
po si tion of the Arctowski Cove For ma tion in the light of new
in ter pre ta tion of the Point Thomas For ma tion pre sented above
is prob a bly dif fer ent from pre vi ously as sumed (for com par i son
see fig. 2 in Nawrocki et al., 2010).     

Sam ples MW-7 and MW-9 of the Viéville Gla cier For ma -
tion re vealed the pres ence of nor mal and re versed po lar ity re -
cords, re spec tively. The U-Pb and 40Ar-39Ar ages mea sured on
these rocks al low cor re lat ing this part of the Mount Wawel sec -
tion with the C21 po lar ity chron (48.6–45.5 Ma). The re versed
po lar ity of sam ple MW-2 and the 40Ar-39Ar pla teau ages de -
fined for subsamples MW-2a and MW-2b in di cate that this part 
of the Mount Wawel For ma tion cor re sponds to the re versed
magnetozone of the C20 po lar ity chron (45.5–42.8 Ma). We
can con clude there fore that both units form ing the Mount
Wawel sec tion were emplaced be tween ~48.6 and ~42.8 Ma. It
should be stressed, how ever, that be cause of lack of iso tope age 
de ter mi na tions from the top most part of the Mont Wawel For -
ma tion their up per age limit may be even slightly youn ger than
pro posed 42.8 Ma. 

Poor qual ity 40Ar-39Ar ages mea sured on subsamples
DL-10a and DL-10b from the Znosko Gla cier For ma tion do
not dif fer sig nif i cantly from the U-Pb SHRIMP age de fined
ear lier for the same piece of rock (op. cit.). These iso tope ages
and  the nor mal mag netic po lar ity re cord de fined for it in di cate
that this part of the Znosko Gla cier For ma tion can be cor re lated 
with the nor mal po lar ity zone of the C21 po lar ity chron
(47.2–45.5 Ma). 

MAGMATIC ACTIVITY PHASES
IN SE KING GEORGE ISLAND

The new U-Pb and 40Ar-39Ar ages es ti mated for the mag -
matic rocks com pos ing the SE part of King George Is land and
con strained by magnetostratigraphy al low us to dis tin guish at
least five mag matic ac tiv ity phases (MAP; Fig. 12A). The old -
est, Campanian MAP, is rep re sented by bas alts of the Uchatka
Point For ma tion. It is fol lowed by the most ex ten sive early to
mid dle Eocene MAP with ages en closed be tween ~53 and
~43 Ma. The youn gest rocks emplaced dur ing this MAP com -
pose of the Mount Wawel and Lions Cove for ma tions
(Pańczyk and Nawrocki, 2011a, this is sue). The next youn ger
mag matic ac tiv ity phases were re corded by the lava flows or
ver ti cal in tru sions emplaced in the late Eocene (~37–35 Ma:
Mazurek Point For ma tion–Tur ret Point–Three Sis ters Point
area; op. cit.), late Oligocene (~28–25 Ma; Blue Dyke and Jar -
dine Peak hypa bys sal in tru sions; Pańczyk et al., 2009) and late
Plio cene to Ho lo cene (Pen guin Is land vol cano; Pańczyk and
Nawrocki, 2011b, this is sue).

The ages of the low er most lava flows emplaced dur ing the
early to mid dle Eocene MAP de crease grad u ally from SW (~52 
Ma: Par a dise Cove) to NE (~48 Ma: Mount Wawel; ~44 Ma:
SW King George Bay). This trend seems to con tinue into the
next youn ger late Eocene MAP rep re sented by the Mazurek
Point For ma tion rocks, crop ping out in the NE part of King
George Bay (Tur ret Point–Three Sis ters Point area; Fig. 12B,
point G). This age mi gra tion may re flect the SW–NE di rec tion
of ac cre tion of an Eocene is land arc form ing this part of King
George Is land (cf. Pankhurst and Smellie, 1983; Smellie et al.,
1984).

The early to mid dle Eocene MAP is co eval with abrupt de -
clines of at mo spheric CO2 (Pearson and Palmer, 2000; Pagani
et al., 2005) and  sub se quent grad ual cli mate cool ing af ter the
early Eocene cli ma tic op ti mum and be fore the abrupt in crease

in d18O at the Eocene/Oligocene bound ary (Miller et al., 1991),
that re flects the ini ti a tion of sub stan tial and per ma nent ice
sheets in Antarctica. It should be stressed that late Eocene and
late Oligocene MAP’s  pre ceded pe ri ods of Ant arc tic cli mate
cool ing re corded by the Polonez and Mel ville glaciations
(Fig. 12; Birkenmajer, 2001). Intense volcanogenic ac tiv ity
could give ad di tional fac tor  (dust ther mal iso la tion) mod el ling
the cli mate con di tions, apart ther mal iso la tion of Antarctica due 
to open ing of the Drake Pas sage (Livermore et al., 2005;
Lagabrielle et al., 2009). This spec u la tive the sis needs, how -
ever, more stud ies fo cused on vol ca nic chro nol ogy and geo -
chem is try in the world wide scale.
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Fig. 10. Con cordia plots of zir con anal y ses from the ba saltic
an de site of the Viéville Gla cier For ma tion 

(Mount Wawel sec tion, sam ple MW-9)

Un cer tain ties are 2σ
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Fig. 11A – 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 and c – or thogo nal plots) of` stud ied ig -
ne ous rocks from the Mount Wawel sec tion; B – ste reo graphic pro jec tions of line-fit mean (on the sam ple level) palaeomagnetic di rec tions iso -
lated from the Mount Wawel Con glom er ate and autobreccia, and the lava flow that sep a rates them; C – ste reo graphic pro jec tions of line-fit mean 
(on the sam ple level) palaeomagnetic di rec tions iso lated from the lava flows of the Mount Wawel sec tion that were sub jected of iso tope dat ing; the 
di a grams were pre pared by the means of com puter pack age writ ten by Lewandowski et al. (1997)

A: Inrm – in ten sity of nat u ral rem nant mag net is ation, Irm – ini tial in ten sity of rem nant mag net is ation; C: 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, a95, K – Fisher’s sta tis tics pa ram e ters, n – num ber of spec i mens
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Fig. 12A – U-Pb (rhom bus) and 40Ar/39Ar (squares)  ages of se lected  mag matic rocks from SE part of King George Is land
 ver sus a strati graphic chart (af ter Gradstein et al., 2004); B – lo ca tion of dated sec tions on the back ground 

of  struc tural units of King George Is land (af ter Birkenmajer, 2003) 

Open (closed) sym bols de note sam ples with re versed (nor mal) mag netic po lar ity; right col umn pres ents mag matic ac tiv ity phases (MAP) dis tin guished 
in the area stud ied and lithostratigraphic units of the early/mid dle Eocene MAP; MWC – Mount Wawel con glom er ate, HCD – Hervé Cove  diamictite;
* – data ac cord ing to Nawrocki et al. (2010), ** – data ac cord ing to Pańczyk et al. (2009), *** – data pre sented by Pańczyk and Nawrocki (2011a, this
is sue); A – Par a dise Cove (DPF – sam ples from Demay Point For ma tion); B – Blue Dyke – Patelnia Pen in sula (PT, BD13 – sam ples from Llano Point
For ma tion), C – Ezcurra In let (PH – sam ples from Herv¾ Cove Mem ber of Point Thomas For ma tion, PL – sam ples from Ital ian Val ley Mem ber of Point
Thomas For ma tion); D – Mount Wawel sec tion (MW-7,9 – sam ples from Viéville Gla cier For ma tion, MW-2 – sam ples from Mount Wawel For ma -
tion); E – Dufayel Is land (DL – sam ples from Znosko Gla cier For ma tion); F – King George Bay, Lions Rump area; G – King George Bay, Tur ret Point
area; JP – Jar dine Peak subvertical in tru sion; UP – Uchatka Point For ma tion; BD – Blue Dyke subvertical in tru sion



AGE CONSTRAINTS FOR SELECTED SEDIMENTARY 
ROCKS OF SE KING GEORGE ISLAND

The early to mid dle Eocene lavas of SE King George Is land 
con tain in ter ca la tions of sed i men tary rocks. The age of the
diamictite ex posed among lava flows of the Point Thomas For -
ma tion at Hervé Cove in Ezcurra In let, re garded spec u la tively
as val ley-type tillite re cord ing the old est traces of Ce no zoic
gla ciers in Antarctica (Birkenmajer et al., 2005), has been re -
cently con strained by magnetostratigraphy and iso to pic U-Pb
SHRIMP data (Nawrocki et al., 2010). The new 40Ar-39Ar pla -
teau ages sup port pre vi ous age es ti ma tions and the gen eral con -
clu sion that the Hervé Cove diamictite im me di ately post dated
the early Eocene cli ma tic op ti mum.

An other in ter ca la tion of sed i men tary rocks was found in -
side the lava flows of the Viéville Gla cier For ma tion dur ing our 
field works on the west ern slope of Mount Wawel. This sed i -
ment, de fined here as the Mount Wawel con glom er ate, was de -
pos ited in a fresh wa ter en vi ron ment about 48 Ma ago. The
fresh wa ter prov e nance of the con glom er ate can be in ferred
from the chem i cal com po si tion of chaba zite (e.g., John son and
Smellie, 2007; Smellie, 2008) that was found in the bot tom part 
of the lava flow cov er ing the con glom er ate and autobreccia
(Figs. 5 and 6). The Mount Wawel con glom er ate in di cates that
deep val leys of moun tain rivers de vel oped in this part of King
George Is land ca. 48 Ma ago. The gla cial prov e nance of the
Hervé Cove diamictite should be there fore more care fully
proven. It can not be ex cluded that this sed i ment might rep re -
sent a moun tain river en vi ron ment as well.     

The Eocene magma of the Znosko and Viéville Gla cier for -
ma tions was con tam i nated by zir con grains de rived from much
older Or do vi cian sed i ment. Four anal y ses of small rounded zir -
con grains from the Znosko Gla cier For ma tion gave ages of
467–497 Ma (Nawrocki et al., 2010). One study of such a
rounded grain from the Viéville Gla cier For ma tion gave a sim i -
lar age of 497 Ma (Ta ble 2). These zir cons were most prob a bly
in her ited from rocks af fected by the Ross Orog eny, and their
pos si ble source could be lo cated in the area of Ellsworth Moun -
tains. An other, less prob a ble source might be linked with a
deep base ment of South Shet land Is lands and tec tonic struc -
tures of South Amer ica that could sup ply north ern part of Ant -
arc tic Pen in sula with de tri tal ma te rial.  

CONCLUSIONS

1. Five mag matic ac tiv ity phases have been dis tin guished
in the SE coast of King George Is land. The old est, Late Cre ta -
ceous (Campanian) phase is rep re sented by bas alts of the

Uchatka Point For ma tion (Nawrocki et al., 2010) and is fol -
lowed by an early to mid dle Eocene phase (~53–43 Ma) with
lava flow ages de creas ing from SW to NE, a younging trend
sim i lar to that pre vi ously iden ti fied for the whole South Shet -
land Is lands (Pankhurst and Smellie, 1983; Smellie et al.,
1984). The next youn ger mag matic ac tiv ity phases ap par ently
con tinue this younging trend and were re corded by lava flows
and hypa bys sal in tru sions emplaced in the late Eocene
(~37–35 Ma), late Oligocene (~28–25 Ma) and late Plio cene to
Ho lo cene. The  early to mid dle Eocene mag matic ac tiv ity
phase was the most ex ten sive, pro duc ing the larg est vol ume of
magma in the study area.   

2. The new iso to pic ages con trolled by magnetostratigraphy
sub stan tially re fine the ex ist ing strati graphic chart of SE King
George Is land. The Demay Point For ma tion was emplaced be -
tween ~53 and ~51 Ma. It was fol lowed by the Llano Point For -
ma tion whose age is en closed be tween ~51 and ~49.5 Ma. As -
sum ing con ti nu ity of the sec tion ex posed along the NW coast of
Ezcurra In let, we con clude that the whole volcanogenic suc ces -
sion in the Ezcurra In let i.e. the Point Thomas For ma tion was de -
pos ited be tween ~49.4 and ~45.4 Ma. Both units form ing the
Mount Wawel sec tion i.e. the Viéville Gla cier and  Mount
Wawel for ma tions were emplaced be tween ~48.6 and ~42.8 Ma.

3. Spec u la tively, in tense vol ca nic ac tiv ity could be a fac tor
forc ing cli mate con di tions in the late Eocene, im me di ately prior 
to the ther mal iso la tion of Antarctica due to open ing of  Drake
Pas sage.

4. The new 40Ar-39Ar pla teau ages sup port the pre vi ous
age es ti ma tions and gen eral con clu sion that the Hervé Cove
diamictite  im me di ately post dated the early Eocene cli ma tic
op ti mum. An other coarse-grained sed i ment de fined here as
the Mount Wawel con glom er ate was de pos ited in a fresh wa -
ter en vi ron ment about 48 Ma ago in di cat ing that deep moun -
tain val leys de vel oped at that time. The gla cial or i gin of the
Hervé Cove diamictite should be there fore more care fully
proven be cause it might rep re sent a moun tain river en vi ron -
ment as well.
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APPENDIX

40Ar/39Ar an a lyt i cal data of the King George ig ne ous rocks

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

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

PT-2 (J = 0.0060878 ±5.500000e-6)

1826-01A ·2.0 2.31021 0.145816 0.2 4.66953 0.0636  5.9  5.9   9.8 50.56941 2.11206

1826-01B ·2.1 2.98929 0.065042 0.6 4.90366 0.0603  5.6 11.4 20.4 53.06798 1.57751

1826-01C ·2.3 3.85039 0.056488 0.9 4.57588 0.105   9.7 21.1 21.6 49.56896 1.18417

1826-01D ·2.5 4.26487 0.040371 1.4 4.74371 0.1341 12.3 33.4 28.7 51.36136 0.847   

1826-01E ·2.7 3.71015 0.03362  1.5 4.80619 0.0969  8.9 42.3 32.9 52.02823 1.00237

1826-01F ·2.9 5.01521 0.027065 2.5 4.64285 0.1497 13.8 56.1 37.3 50.28445 0.67352

1826-01G ·3.1 6.14795 0.026104 3.2 4.48089 0.0541 5 61.1 37.4 48.55369 1.51579

1826-01H 3.3 5.19459 0.02622  2.7 4.35793 0.0589 5.4 66.5 36.6 47.23861 1.37795

1826-01I 3.5 6.76909 0.027605 3.3 4.45344 0.0815 7.5 74  36   48.26025 1.04764

1826-01J 3.7 6.62247 0.03151  2.8 4.01583 0.0509 4.7 78.7 30.7 43.57483 1.5479

1826-01K 4   8.29107 0.040543 2.8 4.10643 0.0518 4.8 83.5 26   44.54582 1.69209

1826-01L 4.5 7.8751  0.048582 2.2 4.12137 0.0651 6 89.5 22.6 44.70591 1.39238

1826-01M 6  7.71155 0.064672 1.6 4.22961 0.1143 10.5 100    18.3 45.86523 1.13242

Integ. age = 48.9        1          

(·) Pla teau age = 61.1 50.8       1.2       

PL-16  (J = 0.0060878 ±5.500000e-6)

1827-01A 2   1.56545 0.127136 0.2 4.91771 0.1137  8.2  8.2 11.6 53.21786 1.52635

1827-01B 2.1 1.54617 0.048046 0.4 4.69355 0.0687  4.9 13.1 24.9 50.82583 1.44658

1827-01C 2.3 1.85968 0.036573 0.7 4.69287 0.1086  7.8 20.9 30.4 50.8186  0.95256

1827-01D 2.5 2.42594 0.025892 1.3 4.46755 0.1073  7.7 28.6 37.1 48.41109 0.84349

1827-01E 2.7 1.45974 0.013096 1.5 4.46383 0.157  11.3 39.9 53.9 48.37127 0.52753

1827-01F 2.9 1.58133 0.008233 2.6 4.34532 0.0801  5.7 45.6 64.7 47.1037  0.79887

1827-01G ·3.1 1.88317 0.008245 3.1 4.22335 0.1145  8.2 53.8 64.1 45.79824 0.57697

1827-01H ·3.3 1.61611 0.007172 3   4.18314 0.0769  5.5 59.3 67  45.36757 0.80728

1827-01I ·3.5 1.88228 0.007309 3.5 4.12889 0.0999  7.2 66.5 66.4 44.78649 0.65577

1827-01J ·3.7 1.60178 0.007289 3   4.11544 0.075   5.4 71.9 66.3 44.64237 0.86274

1827-01K ·4.0 1.44447 0.006865 2.8 4.22067 0.0842 6  77.9 68.1 45.76954 0.71722

1827-01L ·4.5 2.35786 0.007287 4.4 4.08507 0.0969 7  84.9 66.5 44.31692 0.66636

1827-01M ·6.0 2.8192  0.008619 4.4 4.08911 0.2106 15.1 100  62.7 44.36028 0.38127

Integ. age = 47.1        0.6        

(·) Pla teau age = 54.4 44.9        0.7        

PL-16a  (J = 0.0060878 ±5.500000e-6)

1827-02A 2  1.47138 0.051528 0.4 4.68664 0.1868 8.8 8.8 23.6 50.75206 0.7358  

1827-02B 2.1 1.70805 0.017322 1.3 4.53208 0.1158 5.5 14.3 47.3 49.10096 0.67629

1827-02C 2.3 1.87166 0.011821 2.1 4.47087 0.1875 8.8 23.1 56.6 48.44661 0.42224

1827-02D 2.5 1.50797 0.008662 2.3 4.28647 0.2105 9.9 33  63.1 46.47396 0.35337

1827-02E 2.7 1.26019 0.006231 2.7 4.32957 0.2022 9.5 42.6 70.7 46.93522 0.35704

1827-02F 2.9 0.99165 0.005945 2.2 4.32769 0.1286 6.1 48.6 71.6 46.91508 0.51338

1827-02G 3.1 1.09989 0.005897 2.5 4.29156 0.1152 5.4 54.1 71.6 46.52838 0.55474

1827-02H ·3.3 0.91838 0.005935 2.1 4.10399 0.0983 4.6 58.7 70.5 44.51967 0.62727

1827-02I ·3.5 1.4206  0.005873 3.3 4.1818  0.1191 5.6 64.3 71.3 45.35326 0.59174

1827-02J ·3.7 1.38985 0.006416 2.9 4.11694 0.1038 4.9 69.2 69.1 44.65841 0.53314

1827-02K ·4.0 1.55043 0.007152 2.9 4.10478 0.075  3.5 72.7 66.7 44.52811 0.71007

1827-02L ·4.5 1.55332 0.007449 2.8 4.09899 0.153  7.2 79.9 65.7 44.46613 0.39854

1827-02M ·6.0 1.36322 0.007887 2.3 4.10115 0.4256 20.1 100    64.3 44.48928 0.22353

Integ. age = 46.4       0.4        

(·) Pla teau age = 45.9 44.6      0.4        
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App. cont.

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

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

PH-3b (J = 0.0060878 ±5.500000e-6

1828-02A 2  0.23768 0.092074 0  3.64798 0.2264 7.7   7.7 11.8 39.6268  1.03061

1828-02B 2.1 0.30129 0.035174 0.1 4.29399 0.1356 4.6 12.3 29.3 46.55443 0.67405

1828-02C 2.3 0.33292 0.022304 0.2 4.47513 0.2405 8.2 20.5 40.5 48.49216 0.42393

1828-02D 2.5 0.3854  0.013457 0.4 4.54465 0.278  9.5 30   53.4 49.23524 0.33192

1828-02E 2.7 0.36883 0.009083 0.5 4.58001 0.2494 8.5 38.5 63.2 49.61313 0.31002

1828-02F ·2.9 0.30529 0.00783  0.5 4.48429 0.3796 12.9 51.4 66.1 48.59006 0.25243

1828-02G ·3.1 0.49746 0.006935 1  4.45229 0.2824 9.6 61   68.7 48.24793 0.29853

1828-02H ·3.3 0.4151  0.007956 0.7 4.46394 0.1968 6.7 67.8 65.7 48.37246 0.37631

1828-02I ·3.5 0.95428 0.010905 1.2 4.40636 0.1752 6  73.7 58   47.75677 0.4543

1828-02J ·3.7 0.66874 0.007902 1.1 4.4744  0.1124 3.8 77.6 66   48.48432 0.45932

1828-02K ·4.0 0.44932 0.007405 0.8 4.35121 0.1075 3.7 81.2 66.7 47.16678 0.47565

1828-02L ·4.5 0.57111 0.006823 1.1 4.40196 0.1447 4.9 86.1 68.8 47.70963 0.36474

1828-02M ·5.2 0.67605 0.009352 1   4.38386 0.1823 6.2 92.4 61.6 47.51606 0.34422

1828-02N ·6.0 0.52149 0.011542 0.6 4.4196  0.2243 7.6 100    56.6 47.89838 0.31465

Integ. age = 47.6        0.4        

(·) Pla teau age = 61.5 48.1       0.2       

PH-3b Plagioclaze (J = 0.0060878 ±5.500000e-6)

1838-01C 2.3 0.19634 0.132664 0   4.29849 0.0142 1.6   1.6   9.9 46.60258 4.86976

1838-01D 2.5 0.22791 0.06561  0   3.53908 0.0208 2.4   4.1 15.4 38.45639 2.90519

1838-01E 2.7 0.19211 0.029075 0.1 2.79791 0.0266 3.1   7.1 24.6 30.47028 2.9341  

1838-01F 2.9 0.2348  0.019432 0.2 2.83507 0.0261 3  10.2 33.1 30.87155 1.68583

1838-01G 3.1 0.14645 0.018744 0.1 4.13042 0.0621 7.2 17.4 42.7 44.80287 1.31181

1838-01H ·3.3 0.07667 0.006864 0.2 3.82228 0.0512 5.9 23.3 65.4 41.49861 0.8743  

1838-01I ·3.5 0.13695 0.006457 0.3 3.99076 0.0487 5.6 29   67.7 43.30604 0.92717

1838-01J ·3.7 0.09891 0.00839  0.2 3.72607 0.0905 10.5  39.5 60.1 40.46565 0.50484

1838-01K ·4.0 0.12027 0.006775 0.2 3.95744 0.1252 14.5  54   66.4 42.94875 0.62411

1838-01L ·5.0 0.08451 0.004466 0.3 3.78121 0.2456 28.5  82.5 74.2 41.05779 0.32047

1838-01M ·6.0 0.05632 0.005631 0.1 3.86009 0.1506 17.5  100    69.9 41.90438 0.36432

Integ. age = 41.2       0.5       

(·) Pla teau age = 82.6 41.5       0.8       

DL-10a (J = 0.0061013 ±5.400000e-6)

1835-01A 2  0.02715 0.098718 0 3.08629 0.3475  2.7 2.7 9.6 33.65557 1.04879

1835-01B 2.1 0.04364 0.027058 0 3.93421 0.2898  2.3 5   33   42.7931  0.41962

1835-01C 2.3 0.02406 0.023237 0 3.99033 0.4441  3.5 8.4 36.8 43.39623 0.33858

1835-01D 2.5 0.01285 0.010119 0 4.05021 0.5548  4.3 12.7 57.5 44.03958 0.20888

1835-01E ·2.7 0.00779 0.005971 0 4.17642 0.83    6.5 19.2 70.3 45.39482 0.13973

1835-01F ·2.9 0.00723 0.003441 0 4.24575 0.9007 7 26.2 80.7 46.13886 0.10406

1835-01G ·3.1 0.00536 0.003004 0 4.13907 1.2992 10.1 36.3 82.3 44.99386 0.13306

1835-01H ·3.3 0.00218 0.002202 0 4.25719 1.0889  8.5 44.7 86.7 46.26153 0.09211

1835-01I ·3.5 0.00287 0.002047 0 4.19337 1.0027  7.8 52.5 87.4 45.57677 0.09583

1835-01J ·3.7 0.00262 0.002046 0 4.17122 1.0198  7.9 60.5 87.3 45.33904 0.09321

1835-01K ·4.0 0.00376 0.002343 0 4.13624 0.9964  7.7 68.2 85.6 44.96351 0.09805

1835-01L ·4.5 0.00472 0.002523 0 4.15403 1.3185 10.2 78.5 84.8 45.15444 0.08854

1835-01M ·5.2 0.0079  0.002711 0 4.16162 1.5802 12.3 90.7 83.9 45.23599 0.09508

1835-01N ·6.0 0.01017 0.002802 0 4.17503 1.1917   9.3 100    83.4 45.37994 0.09664

Integ. age = 44.91      0.2       

(·) Pla teau age = 87.3 45.5      0.3      
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App. cont.

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

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

DL-10b (J = 0.0061013 ±5.400000e-6)

1835-02A 2  0.01669 0.120519 0   3.33709 0.2552   1.9  1.9  8.6 36.36314 1.23613

1835-02B 2.1 0.0207  0.069184 0   3.57822 0.2469   1.8  3.7 14.9 38.96246 0.80922

1835-02C 2.3 0.0197  0.032399 0   3.82985 0.396    2.9  6.6 28.6 41.67101 0.4262

1835-02D 2.5 0.00929 0.01756  0   3.97234 0.5722   4.2 10.8 43.4 43.20297 0.26583

1835-02E 2.7 0.02233 0.008014 0   4.06734 1.1279   8.3 19.2 63.2 44.22361 0.12927

1835-02F ·2.9 0.00604 0.004888 0   4.19129 0.8023   5.9 25.1 74.4 45.55445 0.13199

1835-02G ·3.1 0.01176 0.004256 0   4.13656 1.3453   9.9 35   76.7 44.96689 0.09627

1835-02H ·3.3 0.00894 0.004125 0   4.16275 1.14     8.4 43.4 77.3 45.2481 0.10423

1835-02I ·3.5 0.01338 0.002907 0.1 4.1269  1.0051   7.4 50.8 82.8 44.86322 0.09776

1835-02J ·3.7 0.01154 0.002786 0.1 4.13877 1.056     7.8 58.6 83.4 44.99063 0.10307

1835-02K ·4.0 0.01163 0.002851 0.1 4.14603 1.0571   7.8 66.4 83.1 45.06855 0.09809

1835-02L ·4.5 0.0207 0.003006 0.1 4.10841 1.3881 10.2 76.7 82.2 44.66468 0.0924

1835-02M ·5.2 0.00532 0.002839 0   4.15562 1.7124 12.6 89.3 83.2 45.17152 0.08699

1835-02N ·6.0 0.00738 0.002937 0   4.12941 1.4477 10.7 100    82.6 44.89017 0.09584

Integ. age = 44.5       0.2       

(·) Pla teau age = 80.8 45.02     0.19     

BD-13 (J = 0.0060815 ±5.600000e-6)

1831-01A 2   0.25217 0.076548 0  3.95229 0.2378   8.9   8.9 14.9 42.84956 0.87474

1831-01B ·2.1 0.29817 0.029271 0.1 4.7494  0.1477   5.5 14.4 35.5 51.36964 0.60146

1831-01C ·2.3 0.37413 0.022529 0.2 4.82629 0.2702 10.1 24.4 42.1 52.18937 0.36552

1831-01D ·2.5 0.29809 0.015605 0.3 4.88602 0.2931 10.9 35.3 51.5 52.82589 0.30839

1831-01E ·2.7 0.22816 0.010554 0.3 4.87519 0.3892 14.5 49.8 61   52.7105  0.24913

1831-01F ·2.9 0.27354 0.00859  0.4 4.83599 0.2273   8.5 58.3 65.7 52.2928  0.3157  

1831-01G ·3.1 0.35573 0.007321 0.7 4.78882 0.2022   7.5 65.8 69   51.78997 0.28197

1831-01H 3.3 0.37936 0.007223 0.7 4.69636 0.1764   6.6 72.4 68.9 50.80396 0.34199

1831-01I 3.5 0.67422 0.008885 1  4.55998 0.1819   6.8 79.2 63.7 49.34865 0.32836

1831-01J 3.7 0.52131 0.008568 0.8 4.59284 0.1381   5.1 84.3 64.6 49.69948 0.39841

1831-01K 4  0.75201 0.005325 1.9 5.15071 0.1164   4.3 88.7 76.9 55.644 0.41859

1831-01L 4.5 0.89488 0.008485 1.4 4.40767 0.1658   6.2 94.8 64.1 47.72192 0.34124

1831-01M 5.2 0.96228 0.009286 1.4 4.41825 0.0789   2.9 97.8 62   47.83498 0.66545

1831-01N 6  1.01388 0.0107   1.3 4.3194  0.0596   2.2 100    58   46.77855 0.85052

Integ. age = 50.7       0.4        

(·) Pla teau age = 57 52.3      0.5       

MW-7a (J = 0.0060878 ±5.500000e-6)

1829-01A 2  0.39808 0.115035 0   3.41297 0.2101 4  4     9.1 37.10006 1.21022

1829-01B 2.1 0.37824 0.042818 0.1 4.1422  0.1667 3.2 7.2 24.7 44.92908 0.66976

1829-01C 2.3 0.42233 0.0288   0.2 4.21641 0.3462 6.6 13.8 33.2 45.72393 0.42924

1829-01D ·2.5 0.28034 0.017861 0.2 4.34904 0.6594 12.5  26.3 45.2 47.14354 0.24432

1829-01E ·2.7 0.30607 0.00847  0.5 4.34295 0.748  14.2  40.5 63.5 47.07837 0.17266

1829-01F ·2.9 0.41997 0.006976 0.8 4.31828 0.668  12.7  53.3 67.9 46.81438 0.16079

1829-01H ·3.3 0.54121 0.004274 1.7 4.27591 0.4048 7.7 61   77.5 46.36093 0.19476

1829-01I ·3.5 0.69756 0.004351 2.2 4.30037 0.4485 8.5 69.5 77.4 46.6227  0.18751

1829-01J ·3.7 0.58914 0.004189 1.9 4.32423 0.3358 6.4 75.9 78.1 46.87803 0.23846

1829-01K 4  0.59245 0.003976 2  4.2681  0.3322 6.3 82.2 78.7 46.27734 0.221    

1829-01L 4.5 1.83826 0.005873 4.2 4.11287 0.3681 7  89.2 71.2 44.61486 0.22843

1829-01M 5.2 0.97035 0.006587 2  3.99691 0.3547 6.8 96   67.7 43.37198 0.21204

1829-01N 6  0.47132 0.005519 1.2 4.19334 0.2124 4  100     72.2 45.47679 0.31799

Integ. age = 45.9        0.3        

(·) Pla teau age = 62.1 46.8       0.3       
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App. cont.

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

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

MW-7b (J = 0.0060878 ± 5.500000e-6)

1829-02A 2  0.29838 0.154389 0  3.18927 0.1433    3.3  3.3  6.5 34.69156 1.68312

1829-02B 2.1 0.2272  0.052329 0.1 4.12611 0.1234    2.8   6.1 21.1 44.75675 0.88765

1829-02C 2.3 0.24214 0.033167 0.1 4.20534 0.2681    6.2 12.3 30   45.60537 0.50401

1829-02D ·2.5 0.22961 0.015088 0.2 4.28968 0.3431    7.9 20.2 49.1 46.50824 0.29296

1829-02E ·2.7 0.1687  0.008898 0.3 4.27387 0.6111 14.1 34.3 62   46.33911 0.18217

1829-02F ·2.9 0.20552 0.005391 0.5 4.31967 0.4176   9.6 43.9 73.1 46.82923 0.18888

1829-02G ·3.1 0.24938 0.004792 0.7 4.33016 0.3857   8.9 52.8 75.5 46.94152 0.20018

1829-02H ·3.3 0.23914 0.004221 0.8 4.30563 0.3275   7.5 60.3 77.7 46.67897 0.20481

1829-02I ·3.5 0.23843 0.003696 0.9 4.33452 0.3838   8.8 69.2 80   46.98816 0.18184

1829-02J 3.7 0.25206 0.00332  1  4.28379 0.2485   5.7 74.9 81.5 46.44526 0.25389

1829-02K 4   0.29073 0.003528 1.1 4.25063 0.2601  6  80.9 80.5 46.09033 0.232

1829-02L 4.5 0.36326 0.003804 1.3 4.24091 0.2964  6.8 87.7 79.3 45.98623 0.20725

1829-02M 5.2 0.24265 0.003746 0.9 4.22554 0.2929  6.7 94.5 79.4 45.82169 0.18809

1829-02N 6   0.75251 0.003826 2.6 4.18759 0.2397  5.5 100    79.2 45.41526 0.23129

Integ. age = 45.9        0.3        

(·) Pla teau age = 56.9 46.7       0.3       

40Ar/39Ar Step-Heat ing Data for Run 1900-01; PL-7

Run ID Sta tus Watts Ca/K Cl/K 36Ar/39Ar %36Ar(Ca) 40*Ar/39Ar Mol
39Ar

%
Step

Cum. 
% %40Ar* Age

 [Ma] ±Age

PL-7 (J = 0.005959 ±5.700000e-6)

·1900-01A 0 0  4.86191 0 0.195629  0.3 4.32331 0.0679   5.3  5.3 7  45.88917 5.23742

·1900-01B 0 0 17.48904 0 0.057311  3.6 3.85277 0.3365 26.1 31.3 19   40.9509  1.4457  

·1900-01C 0 0 14.12543 0 0.013661 12   4.1667  0.2556 19.8 51.1 53.9 44.24698 1.11196

·1900-01D 0 0 27.91675 0 0.025248 12.9 4.28976 0.2232 17.3 68.4 39.6 45.53748 1.04596

 1900-01E 0 0 46.09734 0 0.030669 17.5 2.65354 0.1293 10   78.4 25.9 28.30364 1.37645

 1900-01F 0 0 40.34368 0 0.031759 14.8 2.72238 0.129 10   88.4 25.2 29.03212 1.61019

 1900-01G 0 0 53.04702 0 0.024747 24.9 4.56209 0.1503 11.6 100  45  48.38997 1.37528

Integ. age = 41.1        1.4       

(·) Pla teau age = 68.4 44.1       1.3       

40Ar/39Ar Step-Heat ing Data for Run 1903-01; Ph-1

Ph-1 (J = 0.005959 ±5.700000e-6)

1903-01A 0 0  4.88396 0 0.050848 1.1 6.46468 0.2722   9.3  9.3 30.3 68.19326 1.20862

1903-01B 0 0  7.82446 0 0.012179 7.5 5.47261 0.4297 14.7 24.1 62.1 57.8943 0.64104

·1903-01C 0 0  7.57891 0 0.00631 14   4.8026  0.4787 16.4 40.5 74.9 50.90537 0.48965

·1903-01D 0 0  8.13522 0 0.005415 17.5 4.51075 0.4111 14.1 54.6 77.3 47.85253 0.4007

·1903-01E 0 0 11.22256 0 0.006549 19.9 4.43922 0.2706  9.3 63.9 74.1 47.10347 0.65539

·1903-01F 0 0 13.12883 0 0.005817 26.3 4.4464  0.1769  6.1 70   77.7 47.17869 0.48613

·1903-01G 0 0 16.46791 0 0.006621 28.9 4.50367 0.1997  6.9 76.8 76.3 47.77842 0.4233

·1903-01H 0 0 31.52152 0 0.010016 36.6 4.58953 0.277  9.5 86.3 70.8 48.67713 0.75353

·1903-01I 0 0 31.79669 0 0.010891 34   4.40139 0.3983 13.7 100  67.2 46.70724 0.58681

Integ. age = 51.5       0.5       

(·) Pla teau age = 59.5 47.6       0.4       
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App. cont.

40Ar/39Ar Step-Heat ing Data for Run 1905-01; MW-2a

Run ID Sta tus Watts Ca/K Cl/K 36Ar/39Ar %36Ar(Ca) 40*Ar/39Ar Mol
39Ar

%
Step

Cum. 
% %40Ar* Age

 [Ma] ±Age

MW-2a (J = 0.006007 ±8.200000e-6)

 1905-01A 1 0 4.61972 0.00485 0.152641 0 4.8507  0.1896  2.9  2.9  9.7 51.81621 2.97838

·1905-01B 0 0 6.96865 –0.00148 0.020829 0 4.19371 0.6095  9.2 12.1 40.5 44.88462 0.54968

·1905-01C 0 0 4.28296 –0.00115 0.006521 0 4.2963  0.9274 14   26  69   45.96875 0.30723

·1905-01D 0 0 3.27547 –0.00098 0.003479 0 4.31316 1.0117 15.3 41.3 80.8 46.14683 0.21683

·1905-01E 0 0 3.67702 –0.00025 0.004171 0 4.34127 0.4678  7.1 48.4 77.9 46.44372 0.38097

·1905-01F 0 0 3.53392 –0.00078 0.003294 0 4.30307 0.659  9.9 58.3 81.6 46.04022 0.29772

 1905-01G 0 0 4.96406 –0.00157 0.004202 0 4.13717 0.6567  9.9 68.2 76.9 44.2868  0.29435

 1905-01H 0 0 4.92738 0         0.00456 0 4.13685 1.0491 15.8 84.1 75.4 44.28344 0.23377

 1905-01I 0 0 4.29457 –0.00108 0.004704 0 4.18339 1.0567 15.9 100  75.1 44.77547 0.25253

Integ. age = 45.3        0.3       

(·) Pla teau age = 55.5 46          0.3       

40Ar/39Ar Step-Heat ing Data for Run 1905-02; MW-2b

MW-2b (J = 0.006007 ±8.200000e-6)

1905-02A 0 0 3.81189 0.00119 0.062124 0 4.47306 0.3743 5.3 5.3 19.6 47.8351 1.37295

1905-02B 0 0 3.11463 –0.00082 0.007532 0 4.40171 1.1188 15.7 21 66.4 47.08201 0.2791

1905-02C 0 0 3.09939 –0.00246 0.004298 0 4.35287 0.9472 13.3 34.2 77.4 46.56624 0.27969

1905-02D 0 0 3.12121 –0.00043 0.003726 0 4.30476 0.9575 13.4 47.7 79.6 46.05808 0.23179

1905-02E 0 0 3.89987 –0.00153 0.003039 0 4.28634 0.7224 10.1 57.8 82.7 45.86353 0.26708

·1905-02F 0 0 4.42672 –0.00095 0.004167 0 4.14442 0.5259 7.4 65.2 77.1 44.3635 0.36646

·1905-02G 0 0 4.62088 0.00045 0.004833 0 4.04798 0.604 8.5 73.7 73.9 43.34342 0.27508

·1905-02H 0 0 4.87148 0.00015 0.005169 0 4.08394 1.1253 15.8 89.5 72.8 43.72388 0.22104

·1905-02I 0 0 4.08489 0.00036 0.006 0 4.1038 0.7501 10.5 100 69.8 43.93394 0.32267

Integ. age = 45.4 0.3

(·) Pla teau age = 42.2 43.8 0.3

Step – num ber of heat ing steps; Pwr/T°C – de gas sing power (dot in di cate pla teau); Ca/K and Cl/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 


