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ABSTRACT
Conglomeratic rocks of Mesozoic age are widely but sparsely distributed
on the northern Antarctic Peninsula and ~he South O,rkney Islands.

At Hope

Bay the conglomerates unconformably overlie, but are locally in fault
contact with, the Trinity Peninsula Group which constitut"es part o"f the
pre-Jurassic Gondwanian basement.

The conglomerates and associated sandstones

represent sedimentary facies of both mass movements and traction currents.
Facies recognized include deposits from debris flows and braided streams,
and the succession of facies are interpreted as the evolution of a single
fan.

The Hope Bay fan is modified by contemporaneous volcanism which is

recorded as pyroclastic beds in the middle and upper part of the section.
These alluvial fan sediments were probably deposited in a fault-bounded
basin in the uplifted Gondwanide orogen.

Th~ Hope Bay fan is part of a

well-defined tectonostratigraphic unit that bridges the Gondwanian and
Andean events.

/
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Mesozoic conglomeratic rocks, consisting largely of alluvial fan
deposits, crop out at widely separated localities from the _South Orkney
Islands to at least as far south as the Longing Gap region ·(Figure l). ·
The rocks unconformably overlie the pre-Jurassic Gondwanian ba~ement
terrain (Dalziel, 1982), from which they are clearly derived, and locally
are overlain by volcanic strata that constitute part of the Andean magmatic arc .

The most extensive exposures of Mesozoic conglomerates occur

on the South Orkney Islands, where two distinct sequences each over 500 m
thick crop out (Elliot and Wells, 1982) .

The conglomerates are interpreted

as alluvial fans that accumulated in fault-bounded basins.

The age of one

sequence is probably Early Cretaceous, but there is no definitive palaeontological data for the other (Thomson, 1981).
The conglomerates at Hope Bay have mos t recently been described by
Bibby (1966) who published a generalised stratigraphic succession, reported
on the possible occurrence of tuffs in the section, and provided structural
information on the unconformity that separates the conglomerates from the
underlying greywackes, now designated by Hyden and Tanner (1981) the
Trinity Peninsula Group e (TPG).

The plant remains from the carbonaceous

beds have long been regarded as Middle Jurassic (Hall~, 1910) though Schopf
(see Elliot, 1975) and Stipanicic and Bonetti (1970) argue for a Late
Jurassic age.
Rocks of grossly similar aspect, but lacking the plant-bearing beds
of the Hope Bay section, crop out on Joinville Island .(F~gure 1) (Elliot,
1967, and unpublished data) and have yielded u~identifiable plant megafossils
and poorly preserved plant microfossils assignable only to the Mesozoic
(R.A. Askin, personal communication, 1981).

Southwest of Hope Bay, conglomerates
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crop out at Botany Bay and near Longing Gap (Figure 1).

The Botany Bay

sequence has been described by Farquharson (in press) and consists of
alluvial fan conglomerates, floodplain sandstones and siltstones, and
lacustrine mudstones; the age of the beds is uncertain t~ough possibly
the same as that at Hope Bay.

Thin sequences of conglom~rate and finer-

grained plant-bearing sedimentary rocks crop out northeast of Longing Gap
and at Tower Peak (Aitkenhead, 1975).

At both localities the rocks are

unconformable on TPG and at Tower Peak are overlain by volcanic rocks.
The plants yield only a Mesozoic age.
(A)

FIELD RELATIONS AND STRATIGRAPHY
The conglomeratic rocks at Hope Bay (Figure 2) are well known, though
little published information is available.

The measured section (Figure 3)

is 366 m thick; an uncertain thickness below the base of the section is not .
exposed.

The section consists of conglomerate in the lower part, becomes

finer-grained up section, and included carbonaceous sandstones in the top
25 m.

Pyroclastic rocks are interbedded in the middle and upper part.
Andersson (1906) referred to these rocks only in terms of their

lithology; more recently they have been described as the Mount Flora plant
beds (Adie, 1964) or Middle Jurassic beds (Bibby, 1966).

The importance

of these rocks in establishing the geologic history of the Antarctic
Peninsula warrants their formal designation, despite their restricted
distribution (the north facing flank of Mt. Flora only) and it is here
proposed they be named the Mount Flora Formation.
(B)

Lower contact
A stratigraphic contact is exposed at the west end of the conglomerate
cliffs; TPG rocks are overlain by volcanic rocks which in turn are overlain
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by the massive conglomerates that form the lower part of the northwest
buttress of Mt. Flora.

A fault contact between TPG rocks and volcanic

strata is also exposed in the lower slopes beneath that buttress.•

The

rocks forming the buttress and the exposures below it are probably in fault
contact with the rest of the conglomera.!,e sequence, but the relations
have not been investigated adequately.
Toward the east a contact with TPG can be located within about 5 m
(Figure 4).

This contact can be interpreted as a fault dipping very

steeply to the north and nearly parallel to the cliffs; this would be
consistent with the orientation of the fault contact mentioned above .
However, if that TPG outcrop illustrated in Figure 4 is not a fault
sliver, and if as previously reported (Bibby, 1966, figure 3) the unconformity is planar and crosses the base of Mt. Flora at a near constant
elevation, then the plane of unconformity and the attitude of the conglomerate beds must be discordant; the strike of the conglomerates is slightly
north of west whereas the trace of the inferred unconformity is slightly
south of west.

If the strike of the unconformity is similar to that of

the stratigraphically lowest conglomerate beds, then the conglomerates to
the east of the small TPG outcrop above the talus slope (Figure 4) project
below that outcrop; other orientations of the unconformity also lead to
the conclusion it is non-planar.

Although a rigorous determination of

the location and form of the unconformity was not possible, the evidence.
favq~fiSi!t hq~y~~st~gqt~lQ~~tr~~lwt.
(B)

Upper contact
This is placed at the base of the lowest volcanic rock above the
plant-bearing sequence; at most places where the contact was examined,
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the uppermost unit in the fot'ID:ation is a conglomerate bed.

Toward the

west, the plant-bearing unit appears to be cut out and the rocks are also
faulted; the field relations have not been resolved.

That an angular

discordance exists between the uppe·r most sedimentary rocks and the volcanic
sequence cannot be discounted, and:· is; / in fact, regarded as likely.
(B)

Lithology
The lower part of the sequence (unit 1, Figure 3) is a 135 m succession
of tabular conglomerate beds 1 to 29 m thick.

The conglomerates range up

to boulder-size and from poorly-sorted, densely-packed conglomerates_with
a poor stratification to conglomerates with unsupported clasts.
show inverse grading,
cobble conglomerate .
number of beds.

passing

A few beds

from pebbly sandstone at the base up into

Megaclasts that range up to 2.3 m long occur in a

The upper parts of some conglomerates pass gradationally

through pebbly beds into sandstone over a vertical interval of 2 m or less;
in other instances the transition is quite abrupt.

The sandstone beds are

10 to 50 cm thick and coannonly discontinuous, passing laterally into
partings between conglomerate beds.

Conglomerate clasts are derived

entirely from TPG rocks.
Units 2-6 form a mixed succession of pyroclastic and sedimentary rocks.
Unit 2 consists of 15 m of pebble conglomerate, sandstone, lapilli tuff,
tuff and sparse accretionary lapilli tu££ in beds 25 to 165 m thick, toge ther
with one conglomerate-sandstone bed 5 m thick.

With the exception of the

5 m bed which is• stratified and contains scour surfaces, the conglomerates
are clast-supported, unstratified and ungraded.

Unit 3 is a 17.5 m thick

clast-supported unstratified boulder conglomerate with megaclasts up to
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1.8 m long.

This is overlain by 24 m of breccia grading up into fine

tuff; fragments of both volcanic rocks and TPG are present.

Four

metres of ·a lternating tuff, lapilli tuff and pebble conglomerate form
Unit 5.

The uppermost :unit (Unit 6) is 67 m thick and consists of

interbedded boulder, cobble and pebble conglomerate in beds ·l to 18 m thick.
The conglomerates are clast-supported, ungraded except for one bed near
the top, and range from unstratified to poorly stratified.
are present in all beds and attain a maximum size of 1.1 m.

Megaclasts
The

conglomerates grade into sandstone beds that are as much as 1.0 m thick
and are commonly lens-shaped.
The upper part of the sequence, 104 m thick, consists of thinnerbedded cobble and pebble conglomerate and sandstone, and an interval
containing much volcanic material.

Unit 7, 41.5 m thick, is formed of

interbedded pebble conglomerate and sandstone with minor cobble conglomerate
and pebbly sandstone; bed thickness is 1 to 3 m except for a few that
are only 20 to 30 cm thick.

The conglomerates are better sorted than

those lower in the section, most are stratified and grade upward into
sandstone that commonly is a third or more of the bed thickness.
bedding is present in a few of the beds.
of most beds.

Cross-

Plant remains occur at the top

The section passes up into 36 m of beds dominated by tuffs

and volcanic sediments, though a 4 m thick pebble conglomerat·e is interbedded near the base.

The conglomerate is stratified, contains lenses

of sandstone, and passes upward into sandstone.
beds 5 cm to 1.6 m thick.
and conglomerates.

The sandstones occur in

Volcanic rock clasts are common in the sandstones

Tuff and lapilli tuff beds are as thin as l;,,cm, but
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most are 3 to 60 cm thick.

The uppermost unit, unit 9, is 26.6 m thick

and is the carbonaceous sandstone unit from which the plan_t megafossils
have been recovered.

Sandstone in beds 1 to 40 cm thick are "interbedded

with thicker beds of pebble conglomerate, sandstone, pebbly santlstone
and granulestone.

Broad channelling oc~urs in this unit and both cross-

bedding and ripple lamination have been observed in a few sandstones.
Plant material is abundant on the upper surfaces of many of the carbonaceous
sandstone beds, and one thin coaly bed was located.
(A)

SEDIMENTARY FACIES

The interpretation of the conglomerates and associated finer-grained
sedimentary rocks as alluvial fan deposits rests on the recognition of
facies representing mass movements and traction currents.
(B)

Mass movement deposits

(C)

Debris flow facies

Debris flows (Bull, 1972) differ from mudflows in the

coarser-grain size, commonly sand-size, matrix.

Debris flows (Gloppen and

Steel, 1981) may yield both matrix- and clast-supported conglomerates, and
are distinguished by lack of significant erosion at the base of beds as
well as clasts protruding above the upper surface.
Matrix-supported debris flow deposits have been identified at Hope
Bay (Figure 5).

These beds consist of planar sheets of sediment that have

very poor to no1·stratification, random orientation of clasts including some
which are elongate and vertically-oriented, megaclasts up to 1.5 m long,
and no grading.
Massive beds of clast-supported conglomerate, up to 29 min thickness,
are abundant, particularly in the lower two-thirds of the section (Figure 6),
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These conglomerates, which show little or no erosion into the underlying sandstone or conglomerate, are unstratified and ung~aded except
at the base of a few beds where inverse · grading is present.

They contain

- megaclasts up to 2.3 m long and display in a few cas:es large clasts at
the top of the bed protruding into the overlying finer sediment .

The

conglomerates commonly grade upward through a poorly-stratified interval
into sandstone.

These sandstones, less than 60 cm thick, are impersistent

and when traced laterally are seen to pass into clefts in the conglomerate
sequence, or are not represented by any observable feature in outcrop ;
this probably accounts for the apparently excessive thickness of some
conglomerate beds .

These features are consistent with the debris flows

described by Gloppen and Steel (1981), though most conglomerates of this
sort at Hope Bay have subrounded to subangular clasts and appear to be
much thicker.

They are also similar to those described by Heward r (l978)

except for the apparent lack of imbrication.

Modern debris flows with

some of the characteristics of the Hope Bay conglomerates have been
recorded by Pierson (1980).
Alternatives considered include sieve deposits (Hooke , 1967) and
traction current deposits.

Long-continued aggradation of coarse clasts

on a fan surface with subsequent infiltration of sand could lead to
massive, thick, clast-supported,i conglomerate beds, however this seems an
unlikely process for such thicknesses of uniform strata.

Traction

current transport of gravel that includes megaclasts up to 2.3 m, although
clearly not impossible in situations of sufficient relief, rainfall and
stream gradient , seems unlikely.

Such conglomerates might be channel

fills, but no evidence has been found to suggest they are so confined,
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although this may be a function of the extent of individual exposures.
Gravel bars (Rust, 1972) may be structureless and thus a possible interpretation for these rocks.

The stacking of suah units without any

associated facies of the braided stream environment argues against this
origin.

In some characteristics the Hope Bay conglomerates are similar

to those described by Allen (1981) and attributed to,traction current
deposition as thick gravel sheets.
The mode of deposition cannot be argued with certainty on sedimen~tological grounds. The preservation in the sequence (Unit 2) of thinbedded fine-grained pyroclastic rocks, showing within the limits of-the
outcrops no channelling or other evidence of fluvial erosion, suggests
an environment in which aggradation was predominant and thus supports
the alluvial fan environment proposed here .
(B)

Traction current deposits

(C)

Braided stream facies

These deposits consist of well-sorted, well-

stratified beds showing rapid lateral variations in grain size (Steel, 1974).
Beds of this facies show gradational but rapid changes in grain size
which range from sand - to pebble-size, rarely to cobble size.

Bed thickness

is up to 2.5 m except for one bed 15 m thick which is tentatively assigned
to this facies.

Some of these beds are clearly erosional at the base and

fill broad shallow channels.
(C)

Sheetflood facies

This is a facies regarded as typical of the alluvial

fan environment (Bull, 1972; Steel, 1974).
Thin sandstones (1 to 10 cm thick) that are laterally continuous over
several to tens of metres (Figure 7), and which display normal grading,
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non-erosive bases, but slight loading into the underlying sediment, are
abundant at the top of the Mt. Flora section.

A few of these sandstones

display ripple lamination in the upper part of the bed, but otherwise lack
sedimentary structures.

The tops of these beds comm.only pass to carb~n-

aceous sandstone with abundant plant r~ains.

No root structures were

observed in the field, although one in situ tree stump was found.

The

characteristics of this facies suggest rapid deposition from single
"flood" events .

Although such beds have been interpreted as crevasse

splay deposits, the lateral continuity and vertical stacking of these
beds together with the absence of well-defined channel fills suggests
deposition by sheetfloods.

These beds are similar to the thin sheetflood

sandstones described by Heward (1978).
(C)

Channel fills

Deposits that are clearly channel fills occur sparsely

between coarse conglomerate beds or quite comm.only in the braided stream
setting.

At the base of braided stream deposits, channels up to 75-cm

deep are filled with pebbly conglomerate.
(G)

Sandstone interbed facies

The sandstone beds and lenses at the top of

the coarse conglomerates are moderately to well stratified, and display
low angle cross-bedding.

These are traction current deposits probably

formed either in the waning stages of the deposition of debris flows, as
described by Bluck (1967), or from separate depositional events.
(A)

INTERPRETATION
Within the Mt. Flora Formation, ignoring the conglomerates and
associated volcanic rocks at the west end of the cliffs, the overall
progression of sedimentary facies is interpreted as the evolution of an
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alluvial fan.

The predominant facies in the lower half of the sedimentary

section is the clast-supported debris flow; with this is associated three
identified matrix-supported debris flow deposits.

These coarse elastic

beds continue to about 260 min the section) where there is a ~uite abrupt
change to thinner-bedded and finer-grained rocks that are dominantly braided
stream deposits.

The lower, debris-flow dominated part of the succession

probably represents mid- to upper-fan conditions whereas the overlying
rocks represent mid- to lower-fan conditions.

The braided stream environ-

ment is followed by both braided stream and sheetflood conditions on the
lower part of the fan.

The plant-bearing sequence (Unit 9) includes

braided stream conglomerate and sandstone, however some of the thicker
sandstone beds are clearly erosional on a major scale, cutting down 1 to
2 m into the underlying thinner-bedded more carbonaceous sandstones
(Figure 8).
The evidence presented here is taken to support a subaerial, alluvial
fan environment which in vertical profile is rather different from the
two coarse conglomerate types proposed by Miall (1975).

The plant-bearing

beds have been interpreted as lacustrine deposits (Andersson, 1906; Adi~,

1964; Bibby, 1966) at least in part because of the presence of fish vertebrae, beetle elytra and poorly preserved bivalves.

However, the coaly bed

and tree stump, together with the facies present including coarse conglomerate beds, argue for a depositional environment that includes both high
energy channels and low energy settings, is often flooded and possibly
swampy, lacks siltstone and mudstone and therefore seems unlikely to be
lacustrine.

Nevertheless the palaeontology suggests lacustrine conditions

may have occurred· .tocally; unfortunately no information is available on
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the sedimentological setting of those fossils, and no new palaeontological
data have been acquired.

The abundance of plant debris s~ggests development

of the fan in a humid, rather than arid, climate.

The very sparse palaeo-

current data obtained indicate widely dispersed directions of flow and the
orientation df the fan cannot be inferred.
t

The evolution of the fan from coarse proximal deposits tof finer-grained
distal deposits could represent either the ·retreat of the scarp against
which the fan was banked or reduction in source terrain relief with time.
Sedimentary deposition on this alluvial fan was interrupted by contemporaneous volcanism (in fact . it may have been preceded by volcanlsm,
but the relationships have not been resolved); all volcanic rocks can be
attributed to airfall processes or to reworking of airfall debris by
surface waters.

Although the larger clasts in the conglomerates are made

up of TPG rocks, in beds above the lowest tuffs of the stratigraphic
section the finer clasts include volcanic rock fragments and volcanic
quartz is present in the sandstones.
(A)

CONCLUSIONS
The rock types present and the sedimentary facies they represent
point to the conglomeratic beds at Hope Bay being alluvial fan deposits
which can be interpreted in terms of the evolution of a single fan.

Con-

glomeratic rocks such as these require significant local topographic · ·
relief and therefore it is inferred they were deposited in fault-bounded
basins.
The conglomerates at Hope Bay rest on, and were derived from, -the
pre-Jurassic Gondwanian basement.

They are interbedded with, and possibly
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overlie, volcanic rocks and thus overlap the inception (or the early
stages) of volcanism associated with the active plate margin of Late
Mesozoic to Cenozoic age • . They constitute part of a well-defined tectonostratigraphic unit that extends from the South Orkney Islands to the
Longing Gap area.and locally bridges the two principal Mesozoic tectonic
events of the Antarctic Peninsula.
(A)
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Figure Captions

Figure 1.

Location and geologic sketch map for the northern Antarctic
Peninsula region.

Figure 2.

Geologic sketch map of Mount Flora and vicinity.

Faults have

been omitted because displacements appear to be small.
Figure 3.

Composite stratigraphic column, Mount Flora Formation.

Figure 4.

Northeast ridge of Mt. Flora.

The locations of the measured

sections making up the composite column are indicated( ... ).
TPG:

outcrops of Trinity Peninsula Group (below dashed line).

Eastern limit of conglomerate outcrop at left hand side of photo.
The white band and overlying pale rocks in tre upper right
consist of volcanic rocks.
Figure 5.

Matrix-supported debris flow at 8 min the Mt. Flora section.
Pocket knife is 8.5 cm long.

Figure 6.

Clast-supported debris flow at 219 min the Mt. Flora section.

Figure 7.

Thin-bedded sandstones; 354 min the Mt. Flora section.

Figure 8.

Unit 9 of the Mt. Flora section, showing large, scale channelling
J

into thin-bedded sandstones.
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ABSTRACT
Investigations in the South Shetland Islands have yielded additional
data on the age and composition of igneous rocks from Low, Snow, Livingston, Greenwich and King George Islands.

Fourteen 4 0Ar/ 39 Ar whole rock

and mineral age spectra and one conventional K-Ar age were obtained.
The pluton at False Bay yielded a 38 m.y. biotite cooling date.

Volcanic

and hypabyssal rocks range from 130 to 40 Ma, with one plug, Edinburgh
Hill ca 2.5 Ma old.

The results for Admiralty Bay, King George Island,

lead to major revision of the age of Tertiary volcanic strata.

Composi-

tionally the rocks are, with one exception, calc-alkaline with low to
moderate Kand exhibiting characteristics transitional to the tholeiitic
series.

The exception, Edinburgh Hill, is a tholeiite with some charac-

teristics like those of abyssal tholeiites.

The older rocks fit well with

previously reported data, whereas the young Edinburgh Hill plug is distinct from both the late Tertiary volcanic rocks of the south coast of
King George Island and the active or recently active volcanoes such as
Deception Island.

INTRODUCTION
The Antarctic Peninsula has been the site of oceanic crust subduction
and active plate margin magmatism for much of the last 180 Ma (Saunders
et al., 1980).

The South Shetland Islands (Figure 1), lying about 100 km

northwest of the northern Peninsula, has a geologic history similar to
that of the Peninsula though the record of magmatism does not begin till
the Late Jurassic (ca 140 Ma) (Weaver et al., 1982).
On

both Low Island (Smellie, 1979) and Byers Peninsula (Smellie,

~

al. , 1979) Upper Jurassic marine sequences contain volcanic detritus and
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are part of the fore-arc terrain of that age.

On

Byers Peninsula and ad-

jacent President Head on Snow Island Lower Cretaceous volcanic and volcaniclastic sequences crop out, and on other islands to the northeast volcanic
rocks have been mapped

as

Mesozoic (Anon, 1979).

Plutons of Mesozoic age

are known at Half Moon Island (102 Ma) and possibly occur at Cape Wallace
(Smellie, 1979).
sula

fonn

Hypabyssal rocks are widespread; those on Byers Penin-

plugs and sills ranging in age from ca 125 Ma to 75

Ma

(Pank-

hurst et al., 1979).
Tertiary volcanic sequences appear to be confined to Robert, Nelson
and King George Islands (Anon, 1979) but it is only on King George Island
that any extensive work has been done.

Fildes

Peninsula (Hawkes, 1961;

Weaver~ al., 1982) consists of flows and pyroclastic rocks of basaltic
and andesite composition which have been radiometrically dated as early
Tertiary (Weaver et al., 1982; Watts, 1982).

The Admiralty Bay region has

been studied intensively in recent years (Birkenmajer et al., 1981) and a
detailed geological history of volcanic activity has been established in
which three cycles of activity are recognized.
believed to span~ 55 to ca 6 Ma.

The igneous rocks were

Earlier work on fossil plants had es-

tablished tentative palaeontological ages of Late Cretaceous to ?Late Miocene (Barton, 1965) for various groups of rocks.

Minor intrusions are

widespread though only those at Three Brothers Hill and Horatio Stump,
Fildes Peninsula, have been dated (Watts, 1982).

Tertiary plutons at

False Bay (40 Ma; Dalziel~ al., 1973) and Noel Hill, King George Island
(48 Ma; Watts, 1982) have been dated.
Pliocene to Recent volcanism is largely confined to the southeast
flank of the South Shetlands and includes the active or recently active
Bridgeman, Penguin and Deception Islands and somewhat older more eroded

Elliot/Dupre
3

volcanic sequences such as at Lions Rump (Weaver et al., 1982).

Plio-

Pleistocene lavas, tuffs and plugs have also been mapped in the region
northwest of McFarlane Strait (Anon, 1979).
The geochemistry of the "Andean" igneous rocks has been the subject
of recent extensive studies (Saunders et al., 1980, 1982; Weaver et al.,
1979, 1980, 1982).

They conclude that the Mesozoic and Cenozoic rocks ex-

cept for those associated with the opening of the Bransfield Strait form
a low K calc-alkaline suite in which there is no detectable change in composition but there is a spatial change, the rocks becoming more K enriched
towards the southeast away from the trench, a relationship noted at many
other active plate margins.

They also conclude that the lack of temporal

variation imp•lies a "steady state" rate of subduction.

The decreasing K

content toward the trench is reflected in the trondhjemitic character of
the plutons on the west coast of the Peninsula and the South Shetlands.
New geochemical data and radiometric ages are presented here.
geochemical data complement previously published information.

The

The dating

leads to a major revision in the ages assigned to volcanic rocks from
Admiralty Bay, King George Island.

FIELD AND PETROGRAPHIC DATA
Cape Wallace. Low Island
The greater part of Cape Wallace consists of granite and granodiorite
plutons which, along the east shore, intrude Upper Jurassic volcaniclastic
strata (Smellie, 1979).

Granodiorite CW-07 consists of altered calcic an-

desine, quartz, altered hornblende, minor K-feldspar and accessory minerals, whereas granite CW-06 has andesine, quartz, K-feldspar and accessory
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minerals.

Hypabyssal intrusions are also present, and probably cut the

plutons though the field relations are not clear.

The intrusions are

andesitic to dacitic in composition; CW-08 is a fresh dacite porphyry
consisting of labradorite, hypersthene and augite phenocrysts set in a
matrix of andesine, augite, opaques and interstitial glass.
President Head, Snow Island
A sequence of Early Cretaceous lavas, tuffs and tuffaceous sedimentary
rocks crop out along the "spine" of President Head.

These rocks have been

intruded by andesitic to dacitic plugs, and a
granodiorite porphyry.
margin.

An

isolated gabbro crops out adjacent to the ice

PH-1-07, an andesite plug, consists of sparse phenocrysts of

labradorite, augite and hypersthene set in a matrix of andesine, augite,
opaques and much glass.

The granodiorite porphyry, PH-3-03, consists of

phenocrysts of andesine, augite and hypersthene set in andesine, augite,
opaques and abundant quartz and feldspar .
Cave Island and the Greaves Peak Area
Cave Island consists entirely of a massive intrusion of porphyritic
basaltic andesite which has feldspar, augite and olivine phenocrysts set
in a matrix of labradorite, augite, opaques and interstitial phyllosilicates.
Greaves Peak forms a conspicuous plug of olivine gabbro at the east
end of Duff Point; sample DP-06 consists of plagioclase (An. 70 _ ), augite
55
and partially altered olivine together with interstitial opaques and
chlorite phyllosilicates .

Just to the north of the peak along the fore-

shore there is a prominent finely layered gabbro (DP-01) which is similar
to the Greaves Peak ol i vine gabbro .
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Edinburgh Hill
The volcanic neck of Edinburgh Hill consists of columnar jointed
porphyritic basalt (EH-01).

Olivine, augite and plagioclase (An 70 _60 )

phenocrysts are set in a groundmass of labradorite laths (An 70 _60 ) augite
and opaques and has a diktytaxitic texture.
False Bay, Livingston Island
Plutonic rocks are exposed along the east side of False Bay, south to
Cape Barnard.

The plutonic rocks include coarse grained quartz diorite

and granodiorite.

Sample FB-01 consists of quartz, plagioclase (An46 _ 32 ),

biotite, a trace of K-feldspar and accessory minerals; FB-03, a granodiorite, differs in having essential K-feldspar and minor amounts of hornblende.
Potter Cove
Andesitic lavas and pyroclastic rocks are exposed south of Potter
Cove; they

are intruded by a volcanic plug, Three Brothers Hill.

The

plug (PC-1-01) is a porphyritic andesite consisting of phenocrysts of
labradorite, hypersthene and augite together with rare pseudomorphs after
olivine set in a matrix of andesine microlites, augite, opaques and interstitial devitrified glass and chloritic phyllosilicates.
Point Hennequin
A series of at least nine andesite flows cut by small basalt plugs
and dikes crop out at Point Hennequin.

The flows are two-pyroxene ande-

sites (HP-2-04) consisting of hypersthene,

augite and labradorite pheno-

crysts set in andesine microlites, augite grains, and minute opaques with
interstitial glass.

The more altered lavas have chloritized glass and

patches of secondary minerals.
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Point Thomas
To the south and west of Point Thomas a series of lavas, pyroclastic
rocks, sedimentary rocks and minor intrusions crop out.

The stratified

rocks belong to the Ezcurra Inlet Group which consists of two formations,
the Arctowski Cove Formation that includes four members (Rakusa Point,
Hala, Petrified Forest and Skua Cliff members), and the overlying Point
Thomas Formation that has two unnamed members (Birkenmajer et al., 1981).
The Hala Member includes andesite lava flows and pyroclastic rocks.

Sam-

ples PT-28 and PT-36 are two-pyroxene andesites with phenocrysts of
plagioclase (An

_ ), augite and hypersthene set in plagioclase micro60 45

lites, augite grains, opaques and interstitial chloritic phyllosilicates.
PT-42 is a feldspar-phyric basaltic andesite with phenocrysts of plagioclase (An

_ ), augite and olivine pseudomorphs in a matrix of plagio55 35

clase, augite, opaques and secondary minerals.
The upper member of the Point Thomas Formation consists of interbedded
lavas and pyroclastic rocks.

Samples PT-23 and PT-40 are porphyritic

basaltic andesites with phenocrysts of plagioclase (An

_ ), augite and
65 35

pseudomorphs after olivine in a groundmass of plagioclase microlites,
augite, opaques and secondary minerals.
The minor intrusions cutting the Ezcurra Inlet Group are assigned
to the Admiralty Bay Group (Birkenmajer

~

al., 1981).

The Jardine Peak

plug (PT-01) is a sparsely prophyritic (plagioclase, An 55 ) andesite in
which the phenocrysts are set in plagioclase (An
and chloritic phyllosilicates.

_ ), augite, opaques
50 40

The Jerzak Hills plug (PT-02) is a two-

pyroxene andesite like the others described but with much interstitial
glass.

A dyke from the Herve Cove dykes is also a two-pyroxene andesite

similar to those described already.
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GEOCHRONOLOGY

In order to help establish the spatial and temporal distribution of
the igneous rocks of the South Shetland Islands, fourteen rocks were analyzed by the 4O Ar/ 39 Ar incremental heating technique and one by the conventional K-Ar method.

The age data are summarized in Tables 1 and 2.

The analytical p~ocedures for 4OAr/ 39 Ar age determinations are given in
Dupre (1982) and basically follow those described by Fleck

et al. (1977) .

Detailed analytical results and discussion of the results are given in
Dupre (1982).

All spectra (Figure 2) obtained showed some degree of dis-

cordance, however, six of the fourteen spectra give plateau ages as defined by Fleck

et al. (1977).

Discordance in the results reflects in-

homogeneities but for most of the samples the weighted apparent age
are close to the total gas ages which can be interpreted to imply closed
system redistribution of Kor 40 Ar either naturally or during irradiation.
Possible explanations for discordant spectra include redistribution of
radiogenic 4OAr on devitrification of interstitial glass and 39 Ar recoil.
Many of these rocks are high in Ca and this undoubtedly contibutes to
the discordant spectra.

An arbitrarily defined apparent age has been

calculated for those eight spectra that did not yield true plateau ages.
The apparent age has been calculated on gas fractions that form a contiguous series that do not deviate markedly from a weight-average age; this
is subjective but gives a measure of the age in addition to the total gas
age which is calculated on all gas fractions however discordant.

The

assigned age is a best estimate of the true age based on all available
data.
The results indicate four general groups of ages; 130 Ma, 82-78 Ma,
37-54 Ma, and 2-3 Ma .
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The 130 Ma date on the dacite plug on Cape Wallace falls in the
same general age range as the older rocks dated on Byers Peninsula, and
is consistent with the widespread evidence of Late Jurassic to early
Cretaceous volcanism on Low, Snow and Livingston islands .
The Upper Cretaceous (82-78 Ma) rocks are hypabyssal intrusions from
President Head, Cave Island and the Greaves Peak region and fall in the
same time range as many on Byers Peninsula (Pankhurst et al., 1979) .

The

granodiorite porphyry (PH-3-03) with an age of 78 ± 8 Ma suggests that
plutonic rocks of Late Cretaceous age may be more widespread than the
single dated rocks from Half Moon Island would suggest.

The rocks in the

Cave Island-Greaves Peak region had been mapped as Plio-Pleistocene (Anon ,
1979); R. J. Pankhurst (personal communication, 1982) has also obtained
Late Cretaceous dates for rocks from this vicinity.
The dated Lower Cenozoic rocks include the False Bay pluton , hypabyssal rocks at President Head, Three Brothers Hill, and Point Thomas, as
well as lavas at Point Thomas and Point Hennequin .

The biotite dates

(37 . 4 ± 0 . 6 Ma and 7.8 ± 0.6 Ma.) from the False Bay plutonic rocks provide
confirmation of the Rb/Sr mineral date of 40 Ma reported by Dalziel !:.E_ al .
(1973).

The hypabyssal intrusions on President Head had been regarded as

possibly Mesozoic and the date on PH-1-07 (54 ± 2 Ma) provides evidence
that many of the plugs are early Cenozoic.
A conventional K-Ar age of SO± 6 Ma has been reported by Watts (1982)
for the Three Brothers Hill plug .

The

40

Ar/

39

.
Ar spectrum obtained on

PC-1-01 for this plug shows an excellent plateau age of 46.4±0 . 8 Ma and
an assigned age of 46 ± 1 Ma; this is regarded as a better estimate of the
age even though only slightly l ower .
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The lavas and plugs dated from Point Thomas yielded no age younger
than 42 Ma.

The dated samples come from the extrusive rocks of the Point

Thomas Formation and the hypabyssal intrusions of the Admiralty Bay Group
(Birkenmajer

~

al., 1981).

The former had been tentatively dated at

25-20 Ma and the latter at 12-6 Ma.

The lavas at Point Hennequin belong

to Birkenmajer's Point Hennequin Group which had tentatively been assigned
an age of 20-12 Ma.

Ma.

The lava dated in this study yielded an age of 47±2

These results suggest that all the rocks at Point Thomas and Point

Hennequin belong the the same cycle of volcanicity of Eocene age.
The plug at Edinburgh Hill,which had been regarded as young, gave a
K-Ar age of 2.41 ±0.41 Ma and thus places it with the igneous rocks related
to the opening of the Bransfield Strait trough which is thought to be no
more than 2

Ma

old (P . J. Roach in Weaver~ al., 1981).

GEOCHEMISTRY
Twenty-six igneous rocks representing lavas, hypabyssal intrusions
and plutons were analysed for major, trace element and rare earth element
(REE) data.

Excluding Edinburgh Hill, these rocks yield geochemical data

comparable with that obtained by Weaver et al. (1982).
from basalt to dacite (granodiorite) in composition.
have low K o, high Cao and A1 o •
2
2 3

The rocks range
In general they

Na 0/K o ratios are between 2 and 11,
2
2

K/Rb between 58 and 628 with most in the range 250 to 400, and Rb/Sr
between 0.007 and 0 . 239 with most less than 0.100.

In plots aimed at

distinguishing calc-alkaline and tholeiitic rocks, e.g., Irvine and
Barager (1971), the majority are calc-alkaline though with many showing
tholeiitic affinities.
calc-alkaline rocks.

All, however, have REE patterns characteristic of
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The REE data separate Edinburgh Hill from all other analysed rocks
(Figure 3).

These are all enriched relative to chondrite with LREE much

more enriched than HREE; La/Yb ratios fall between 3.6 and 10.8 and in
general the LREE are 17 to 100 times chondrite and the HREE 4 to 30
times chondrite.

Europium anomalies range between 0.7 and 1.2 except for

one Cape Wallace rock, a granite, which shows strong depletion (0.5).
These REE patterns are typical of calc-alkaline rocks and contrast
strongly with the criteria of Jakes and Gill (1970) for the recognition
of island arc tholeiites.
Weaver~ al. (1982) presented data to support the separation of
the Andean rocks into three geographic groups: the South Shetland
Islands, West Coast of the Antarctic Peninsula and the East Coast of
the Peninsula.

The data collected for the South Shetland Islands in-

cludes areas not reported on by Weaver~ al. (1982); the data extend
the range of rock compositions represented in the South Shetlands and
lessen the distinction drawn between the South Shetlands and the West
Coast.

This is seen in the K20/Si0 2 plot (Figure 4) and is also seen in

Zr versus Si0 2 .
Comparison with igneous rocks in other settings, that is island arc
tholeiites and calc-alkaline rocks from the Andes (Lopez-Escobar et al.,
1977) and the Sunda Arc (Whitford et al., 1979) shows that the South
Shetland rocks have characteristics in common with those of the Sunda
Arc rather than the Andes.
Edinburgh Hill shows strong tholeiitic characteristics and is
strikingly different from all other samples in its REE pattern.

The

REE pattern is quite distinctive and differs from all the others by
being flat and much less enriched in LREE; the pattern plots very close
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to the lower limit of mid-ocean ridge basalt according to Hart et al. (1972) .
This characteristic alone sets it apart and suggests it belongs to a different volcanic province.
This plug belongs, temporally and spatially, to the magmatism
associated with the opening of the Bransfield Strait trough, but differs
from all the active or recently active volcanoes along the northwest flank
of that rift structure (Weaver~ al., 1979) .

It lacks the Na o enrichment
2

of the Bransfield rocks and shows much higher Na 0/K o ratio (~10) result2
2
ing from the low K o (0.22%).
2

It also lacks the LREE enrichment displayed

by those rocks, hav ing a La/Yb ratio of 1 . 1 compared with 1 . 9 to 2.9 for
the Bransfield rocks.

CONCLUSIONS
The data presented here provide new information on the age of igneous
rocks in the South Shetland Islands.

The most important result is estab-

lishment of ages for the Ezcurra Inlet and Point Hennequin groups, both
giving Eocene radiometric ages.

The geochemical data amplify the infor-

mation available for the South Shetlands calc-alkaline rocks and in part
fill in what had been a gap between the silicic and basaltic compositions.
The Edinburgh Hill plug appears to represent a magma type quite distinct
from the calc-alkaline suite and the Bransfield Strait volcanoes, even
though temporally related to the development of the Bransfield trough.
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FIGURE CAPTIONS
Figure 1.

Locality map for the South Shetland Islands.

Figure 2.

40 Ar/ 39 Ar spectra for rocks from the South Shetland Islands.

Figure 3.

Rare earth element plot for selected rocks from the South
Shetland Islands.

Figure 4.

Plot of K2o versus Si0 2 •

TABLE CAPTIONS
Table 1.

40 Ar/ 39 Ar ages of rocks from the South Shetland Islands.

Table 2.

Conventional K-Ar age for Edinburgh Hill.

Table 3.

Major and trace element concentrations, and selected ratios.
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Table 1.

40

Ar/

39

Ar ages of rocks from the South Shetland Islands

Wt'd apparent

Total gas

7. 39 Ar in wt' d

Assigned

Sample

6
age(lO Ma)

6
age(lO Ma)

PT-02

40.9

42.1 ± 0.8(P)

55.6

42 ± 1

PT-36

48.9

48.8 ± 0.8(P)

57.5

48 ± 1

PT-40

52 .5

50.6 ± 1.2 (A)

82.6

51 ± 2

PT-42

52.0

52.3 ± 2.3(A)

88.8

52 ± 2.5

HP-2-04

47.0

46.7 ± l.S(A)

90.9

47 ± 2

PC-1-01

45.8

46.7 ± 0.8(P)

73.6

46 ± 1

FB-01
(Biotite)

37.1

37.4 ± 0.6(A)

97.4

37 .4 ± 0.6

FB-03
(Biotite)

37.6

37.8 ± 0.6(P)

96 .4

37 .8 ± 0.6

CI-01

83.3

79.6

l.4(A)

54.3

80

DP-01

81. 7

82.0 ± l.6(A)

65.6

82 ± 2

DP-06

86.1

81.6 ± 1. 7 (P)

70.9

82 ± 3

CW-08

127.0

130.0 ± 3.2(A)

94.2

130 ± 4

PH-1-07

53.0

54.1 ± 1. 9 (P)

62.1

54 ± 2

PH-3-03

84.2

78.2 ± 5.l(A)

60.6

78 ± 8

(A)
(P)

::!:

apparent age

6
age(lO Ma)

::!:

3

an approximate weighted age (see text for definition).
a "true" plateau age (see text for definition).

Elliot/Dupre

Table 2.

Conventional K-Ar age for Edinburgh Hill

Sample No.

EH-01

Age (10
0.196

0.8201

67 . 0

6

Ma)

2.41 ± 0.41
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