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ABSTRACT

THE previous exploration and geological “investigations in
northern Palmer Land are described and the physiography and
the glacial geomorphology of this area are summarized.

Several rock groups have been distinguished in -northern
Palmer Land; their field ' relations, petrography and geo-
chemistry are discussed and correlations have been made with
other parts of the Antarctic Peninsula. The metamorphic
complex comprises gneisses, amphibolites, schists and green-
schists, some of which have been regionally metamorphosed to
the almandine-amphibolite facies. Granitic  gneisses pre-
dominate and these appear to be the products of fus1on of pre-
existing rocks modified by metasomatism.

A sequence of metavolcanic and metasedimentary rocks has
been correlated with schists and greenschist dykes from the
metamorphic complex and they seem to be of a comparable age

to the (?) Carboniferous quartz- keratophyres ‘of the Wilkins and
Bowman Coasts, and the Trinity Peninsula Series.

The  abundant Upper Jurassic volcanic rocks comprise
volcanic breccias and tuffs with ‘subsidiary basalt, rhyolite and
dacite lavas and sedimentary rocks, which were deposited,
mainly subaerially, on to an eroded surface of plutonic and
metamorphic rocks. The succession of sedimentary and volcanic
rocks overlying the adamellite on Mount Charity is thought to
be the same age as the Upper Jurassic volcanic rocks.

There has been extensive episodic plutonic activity in
northern Palmer Land, probably over a long period of time, and
tonalites, granodiorites and adamelhtes are the predominant
rock types.

In addition, several phases of basic to acid hypabyssal rocks
intrude the various rock units.
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I. INTRODUCTION

PaLMER LAND is that part of the Antarctic Peninsula south of a
line joining Cape Jeremy to Kenyon Peninsula. This boundary
coincides with the area where the average width of the plateau
changes southward from 70 km to more than 150 km, accom-
panied by an increase in altitude.

The area discussed here, about 8 000 km?, forms a rectangle,
elongated east—west, lymg between lat. 69°15' and 70°00'S,
and long. 63°00’ and 69°00'W (Fig. D. Natural boundaries of
this area are formed by Flemmg and Bingham Glaciers to the
north, George VI Sound to the west and Eureka Glacier to the
south.

1. Previous investigations

The mainland of the Antarctic Peninsula was first discovered
and partly charted by Edward Bransfield during the British
expedition of 1819-20, and in the next 100 years or so the
northern part of the peninsula was visited many times and was
well surveyed by explorers, sealers and whalers.

However, it was not until it became practicable to use alrcraft
for polar travel that the topography of Palmer Land (or
southern Graham Land as it was called then) began to be
known. Wilkins (1929) was the ﬁrst to use an aircraft in the
Antarctic when he flew from Deception Island 960 km south
into “southern Graham Land” ‘On this ﬂlght Wilkins clalmed
to have found' channels, ﬁlled with sea ice, which broke up
“Graham Land” into a series of 1slands He called the southern—
most channel Stefansson Stralt and the land beyond it Hearst
Land.

Since navigation was considered impracticable in the Weddell
Sea, the aim of the Br1t1sh Graham Land Expedition (BGLE),
1934-37, was to establish a base somewhere in ‘Marguerite Bay,
on the west coast of the Antarctic Peninsula, and then travel by
dog sledge through one of the channels to explore the Antarctic
coast in that region (Rymill, 1938). Owing to problems with the
ship’s engine, the expedition was forced ito spend its first year
based in northern Graham Land. During the spring of that year
(1935-36) Lincoln Ellsworth arrived off the Antarctic Peninsula
to make a second attempt to cross Antarctica from the Weddell
Sea to Little America (Joerg, 1936). During his flight, Ellsworth
confirmed the presence of the channels and islands that Wilkins
had seen and this' information ‘was passed on to the British
Graham Land Expedition (Stephenson, '1940). In February
1936 the latter established a base in Marguerite Bay and
managed a short survey flight to the south which showed no
channels dissecting Graham Land. »

Between August 1936 and February 1937, air and ground
surveys found none of the channels seen by Wilkins and a later

“and topographlcal surveys, from which the 1 :

comparison of these surveys with the air photographs taken by
Ellsworth proved concluswely the peninsular nature of Graham
Land. During the sledge journeys of the British Graham Land
Expedition geolog1ca1 specimens were collected in the area of the
“Eternity Mountains” (Fleming, 1938).

A sledge party of the United States Antarctic Service Exped1—
tion (USASE), 193941, crossed the plateau from the Wordie
Ice Shelf to the “Etermty Mountains™ (Black, 1945) and col-
lected geological specimens which were later described by
Knowles (1945). Further valuable knowledge of this area was
obtained from trimetrogon air photographic cover during the
Ronne ' Antarctic Research Expedition (RARE), 1946-48
(Ronne, 1948). Since that time, many members of the Falkland
Islands Dependencies Survey and British Antarctic Survey have
crossed northern Palmer Land and completed various geologlcal
200 000 map -

sheets now in use were produced.

2. Scope of the present study

The present work is a continuation of the reconnaissance
geological surveys along the western side of the Palmer Land
plateau by M. E. Aylmg and J. F. Pagella in 1964, C. G. Smith
in 196768, P. J. Rowe in 1969 and A. C. Skinner in 1969-70.

The author spent two summer seasons, from October - to
January, in this area. In 1970, Mount Edgell, its ridges and the
surrounding nunataks, and-the outcrops on the south side of
Fleming Glacier were mapped, and in 1971 the survey was con-
tinued in the Eternity Range and the nunataks farther east.

Plane-table surveying was carried out in order to compﬂe a
map at a scale of 1 : 100000, on which geological data were
plotted. i o

3. Physiography ‘ -

The western part of this area is dominated by Mount Edgell
(1676 m) and its satellite ridges and nunataks.: Eastward, the
plateau rises gradually through the Relay Hills, Kinnear Moun-
tains, Mayer Hills and Crescent Scarp to the Eternity Range
(maximum height 3 226 m), which forms a backbone to the
peninsula, 1000 m above the plateau surface. Beyond, the
nunatak-studded landscape descends relatively steeply to the
Larsen Ice Shelf within 75 km. .. :

A detailed account of the physiography of th1s area has been
given by Davies (1975).
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II. GENERAL STRATIGRAPHY

EIGHT rock groups have been recognized in the area mapped
and these are shown in Table I in stratigraphical order with their
tentative ages.

TaBLE I
THE STRATIGRAPHY OF NORTHERN PALMER LAND

Tertiary Post-Andean hypabyssal rocks

Alkali-granite

Andean Intrusive Suite

Pre-Andean hypabyssal rocks
Mesozoic Mount Charity sedimentary and volcanic rocks
Upper Jurassic Volcanic Group

Pre-volcanic plutonic rocks

Palaeozoic Metavolcanic and metasedimentary rocks

Metamorphic complex

To the east of the Eternity Range, the deformed Engel Peaks
granite, which is included in the metamorphic complex, is
overlain by the basal breccia of the metavolcanic and metasedi-
mentary sequence. In the western part of Palmer Land, the
Upper Jurassic Volcanic Group rests unconformably on the
metamorphic rocks and the pre-volcanic plutomc rocks; these
volcanic rocks are intruded by numerous minor dykes, some of
which are younger than the Andean plutonic rocks. The Mount
Charity sedimentary and volcanic rocks are thought to be
broadly coeval with the Upper Jurassic Volcanic Group on
petrographical grounds.

Although some of the igneous bodies that have been included
in the Andean Intrusive Suite can either be seen to intrude the
Upper Jurassic Volcanic Group or they contain xenoliths of the
volcanic material, many have no contacts with older or younger
rocks. Consequently, the ages of these bodies are questionable.

Since there is no direct evidence for the age of the rocks in this
area, they have been grouped as: Palaeozow, Mesozoic and
Tertiary by analogy with other parts of the Antarctic Peninsula
(Adie, 1964) and from a study of the radiometric dates avail-
able (Grikurov and others, 1966; Halpern, 1971; Rex, 1971).

III. METAMORPHIC COMPLEX

Rocks of the metamorphic complex are restricted in outcrop to
small areas around Mount Edgell and a larger north—south-
trending strip to the east of the Eternity Range. The rock types
represented are basic and acid gneisses, schists, amphlbohtes
and greenschlst dykes.

A. WESTERN SIDE OF PALMER LAND

-Adie (1954) described garnet-mica-schists interstratified with

quartz-mica-schists from the Mica Islands, which are situated to
the north of Cape Jeremy, and similar rocks were found by the
author at station K.G.1201 on the mainland east of the Rhyolite
Islands. Here, gneisses and schists with a marked foliation
dipping at approximately 26° in a direction 126° true are
overlain by zeolitized Upper Jurassic volcanic rocks. A boss of
tonalite belonging to the Andean Intrusive Suite intrudes the
metamorphic rocks at the eastern end of station KG.1201.

1. Gneisses

The gneisses are coarse-grained and contain thin dis-
continuous bands of quartzite separated by black micaceous
layers. In places, the. quartzite forms more massive lenses and
bands up to 2 m thick. Microscopically, the quartzite comprises
ribbon-like masses of quartz crystals wtih an undulose extinc-
tion, irregular grain boundaries and containing numerous small
inclusions often ' forming lines across the crystals, and
plagioclase with a composition of apprommately Angy, which has
been albitized in some cases. The black:micaceous bands, which
are wrapped around the broken crystals of quartz and plagio-
clase, are composed mainly of dark brown biotite which has

been bent and kinked, almost completely pseudomorphed by
pale green chlorite, and the cleavage flakes have been parted by
lenticular masses of epidote-clinozoisite. Small crystals of garnet
up to 0.02 mm in diameter are associated with the biotite which
formed later than the garnet and has been wrapped around
them. Ilmenite, partially altered to leucoxene, forms stringy
masses between some of the b1ot1te flakes, and haematite occurs
as more equant grams Pale yellow epldote is common in the
micaceous bands and is present in aggregates of tmy elongated
and stumpy crystals or as discontinuous veinlets. in the broken
quartz-and plagxoclase Other accessories in the groundmass are
sphene (up to 0.7 mm in dlameter), small crystals of zircon and
patches of calmte ,

2. Schists
In the hand specimen, the schists are grey in colour, weather
brown and are minutely: folded. They contain abundant mica

“and a few bands of quartzite that have been folded and sheared

out. Microscopically, the rock consists of bands of quartz and
plagioclaSe separated by micaceous layers, comprising biotite
which is poorly pleochroic from colourless to orange-brown,
and long flakes of muscovite which have been bent and broken.
An abundance of elongated masses of iron ore accompany the
mica. The quartz is drawn out into ribbon-like masses of

~crystals with an undulose - extinction and irregular grain

boundaries. The plagioclase is also elongated parallel to the
foliation and is of two types: either twinned andesine (approxi-
mately An,g; large 2Vo) which is slightly sericitized or, more
commonly, albite (large 2Vy) which is more severely sericitized



THE GEQLOGY OF PART OF NORTHERN PALMER LAND

and mostly untwinned. Crystals of pink garnet up to 1 mm in
length are very common in the rock and they contain numerous
inclusions of quartz and iron ore. They have been shattered and
the fragments have been drawn out along the foliation during a
period of stress after the main metamorphism. The garnet has
been replaced, mainly along the cracks, by the biotite. The
cracks in the muscovite are often filled with the small flakes of
biotite, again indicating the later time of formation of this
mineral.

B. EastT oF THE ETERNITY RANGE

To the east of the Eternity Range, metamorphic rocks occupy a
25 km wide north—south-trending belt centred on Mount
Sullivan. Several rock types are recognizable, the commonest
being biotite-gneisses, augen-gneisses, amphibolites, acid
pneisses, schists, minor greenschist dykes and a metamor-
phosed granile. The biotite-gneisses are interbedded with augen-
gneisses and these units and some of the massive amphibolites
are intrueded by acid gneisses: the latter contain interbedded
schists and are cut by greenschist dykes. The Engel Peaks
granite is situated to the east of the main exposures of the meta-
morphic complex rocks and it is overlain on its western side by
the basal breccia of the metasedimentary and metavolcanic
rocks.

Figure 2

Biotite-gneiss containing feldspar-rich bands interspersed with black
micaceous bands (the blade of the kev is 3.5 cm long).

1. Biotite-gneisses

These are black gneisses containing feldspar-rich bands and
lenses, usually less than 3 em wide, interspersed with micaceous
layers (Fig. 2). They occur at four stations (E.3287, 3606, 3607
and 3612) and they are usually associated with augen-gneisses;
at station E.3286, bands of biotite-gneiss about 4.5 em thick are
separated by 9 m of coarse augen-gneiss (Fig. 3), the contact
dipping at 217 in a direction 254° true.

Specimen E.3607.1 is a typical example of the gneisses and
microscopically it contains broken porphyroclasts of plagio-
clase and potash feldspar, shattered garnets and schistose bands
of biotite and fine recrystallized grains ol quartz and feldspar.
The plagioclase forms faintly twinned or untwinned equant
crystals with rapgged edges, and the strong Becke line and the

FiGurEe 3

Augen-gneisses interbedded with biotite-gneisses at station E.32806 (the
hammer shaft is 59 cm long).

large 2¥ao suggest that it is andesine-labradorite. It has been
altered to albite, sericite, muscovite and quartz blebs, and biotite
fills cracks in the crystals. Fractures and deformation twins are
common features in the plagioclase, indicating a period of stress
after the main metamorphism. There are large crystals of micro-
cline {up to 3.5 mm long), which are slightly sericitized and have
been shattered, the numerous cracks being filled with finely
granular and recrystallized feldspar and muscovite. Lobes of
myrmekite protrude into the microcline from the groundmass
and the guartz forms clongated aggregates with a pronounced
mortar texture. The biotite, which comprises the black bands, is
plecchroic from pale brown to dark brown and is associated
with ragged patches and clongated crystals of iron ore aligned
along the foliation. The abundance of well-rounded crystals of
zircon (Fig, 4a) up to 0.1 mm in diameter in the thin section
suggests a sedimentary origin for the rock.

The schistose material is wrapped around numerous garnets
that have been shattered, the fragments being separated and
replaced by pale green chlorite, sericite and a little biotite (Fig,
4h).

In specimen E.3612.1 the potash feldspar is a fine microcline-
microperthite; the rock contains numerous small garnets and
has been minutely folded (Fig. 4c). Ragged brownish green
hornblende is commonly associated with biotite in specimen
E.3287.1 and the broken laths of plagioclase have been replaced
by veins and antiperthitic blebs of potash feldspar.

2. Augen-gneisses

The augen-gneisses are mostly massive and well jointed with
ne evidence of bedding or contacts with other rock types
(E.3295, 3603, 3608, 3611 and 3614) but at stations E.3286 and
3287 they are interbedded with biotite-gneisses. The augen-
gneisses are characlerized by large white microcline porphyro-
blasts {up to 2 cm in length) with a marked preferred orienta-
tion (Fig. 5), and these feldspars are separated by discontinuous
black micaceous bands.

In thin section, the porphyroblasts have either a typical cross-
hatch twinning or an undulose extinction, and they have been
incipiently altered to sericite and a brownish unidentifiable
mineral. These xenoblastic crystals are often simply twinned and
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FiGuRe 4

« Rounded zircon crystals in a biotite-gneiss. (E.3607.1; X-nicols; x 53)

. Shattered garnet crystals replaced and surrounded by chlorite, sericite and biotite. (E.3607.1;

K-nicaols; = 62}

Minute folding in a biotite-gneiss. (E.3612.1; ordinary lights = 40)

- Albite erystal corroded and replaced by microperthile and exhibiting fine lobate boundaries
and discontinuous rims of water-clear albite, (E.3295.1; Xonicols; » 58)
Myrmekite protruding into microperhite in an augen-gneiss. (E.3614.1; X-nicols; = 36)
Deformation twins in plagioclase in an augen-gneiss. (E.3614.1; Xonicols; = 170
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FIGURE 5

Augen gnerss showmg preferred orlentatron of the feldspar porphyroblasts (the
hammer shaft is graduated in inches).

are usually a string microperthite but coarse patch micro-
perthites are also represented. e

The plagioclase is of two types: either, a few -twinned,
normally zoned crystals (about An,,) which have been bent and
sheared, or, -more commonly, - highly - sericitized ' and
saussuritized, poorly twinned or untwinned albite. Many of the
albite crystals have been extensively corroded and replaced by
microperthite (Fig. 4d) and exhibit fine lobate boundaries and
discontinuous rims of water-clear albite. The plagroclase is often
antlperthrtrc Myrmekite has been formed at the margins of

many of the plagroclase crystals where they are in contact with -

, mrcroperthrte and lobes of it penetrate into the latter. The mafic
constituents are hornblende with a distinctive pleochronsm
scheme o = brown, B= greemsh and y =dark green; and
greenish brown biotite which is partially pseudomorphed by
chlorite. These mafic minerals occur as . aggregates wrapped
around the feldspars and are associated with eprdote iron ore
and sphene, the latter often surrounding the iron ore. Quartz
forms graphic mtergrowths w1th microperthite but more com-
monly occurs -as elongated aggregates ‘with a pronounced
mortar texture or granoblasuc equlgranular crystals with triple-
point intersections.

Cracks in the microperthite are filled with finely: granulated
and recrystallized quartz, ‘plagioclase,. ' microperthite and
myrmekite, indicating the operation of metamorphism after the
formation of the porphyroblasts.

In specimen E.3614.1 the biotite is a deep red-brown colour
and associated with it are small garnet crystals, Myrmekite is
well developed in this specimen (Fig. 4e) and deformation twins
(Fig. 4f) are common in thevplagroclase (Ang,). !

‘Brown pleochrorc allanite and zircon crystals are common
accessory mmerals in these! rocks

3. Amphibolites
Included under this heading are a rather varied group of rocks
which crop out ‘mainly around Mount Sullivan. They are
massive, well-jointed and in the hand specimen they compr1se
black hornblende and biotite, often forming a weak foliation, in
a white quartz—feldspar matrix.
The amphibolites have not been observed in contact with

either the biotite-gneisses or the augen-gneisses but they are
intruded by acid gneisses at station E.3291 and potash feldspar
porphyroblasts have formed in the amphibolite up to 4 m from
the contact.

. Specimens - E.3291.12 and 3294.1 consist ‘of aggregates of
green pleochrorc hornblende crystals, associated with ‘brown
biotite, in a quartz—feldspar ‘matrix. Plagioclase (approximately
An,;), the commonest feldspar, forms corroded laths, patchily
zoned and severely altered to sericite: and. calcite. The ground-
mass is largely formed of anhedral crystals of mlcroperthrte and
granoblastic equigranular quartz. :

"Pale. ‘green| fibrous tremolite-actinolite replaces original
colourless clinopyroxene in' specimen E.3282.3 and the plagio-
clase (andesme -labradorite) exhibits - deformation  twinning.

‘Hypldroblastrc crystals of muscovite (0:1-0.7 mm in length) are
scattered through the rock and the groundmass comprises

mainly colourless zoisite with a perfect cleavage in one. direc-
tion, a large 2Vy and distinctive Berlin blue interference colours.

4. Acid gneisses

Acid gneisses are widespread to the north, east and south of
Mount Sullivan. They are “massive well-jointed rocks -com-
prising white plagioclase, quartz, potash' feldspar; ‘green-black
hornblende and biotite, often’ showing a preferred -orientation
(Fig. 6). Those to the north-east of Mount Sullivan have an
abundance of epidote, giving the rock a distinctive green colour.
To the south of Mount Sullivan the acid gneisses are pink in
colour and the biotite flakes show a strong parallelism. They are
mostly massive and well jointed but they are foliated on the
eastern side of station E.3290. At station E.3291 the gneiss
intrudes a massive amphibolite, the contact being vertical and

FIGURE 6

Acid gnerss sho ng preferred orientation of orotrte (E: 29 1 the key is 5.9
cm long). wo

striking 025° true. The gneiss has been contaminated at the
margin and large white feldspar porphyroblasts have-grown in
the amphrbolrte w1th1n 12 m of the contact.

In thin secmon the greenish gneisses have a porphyroblastlc
texture with large laths of plagioclase (albite) up to 3.5 mm in
length which may be twinned; they have been severely altered to
sericite and saussurite. There are a few remnants of twinned
andesine (approximately An,,) which have been altered to
sericite and saussurite in their cores, and patchily altered to
potash feldspar in some cases. All of the plagioclase has been
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extensively corroded by microperthite and quartz to give lobate
or serrated sutured boundaries. In some cases the microperthite
has the cross-hatch twinning of microcline, has been 1nc1p1ent1y
altered to sericite and forms large xenoblastic crystals which are
interstitial or poikiloblastic towards the plagioclase. Quartz
forms irregularly shaped patches consisting of large and small
crystals with an undulose extinction, often exhibiting sutured
margins. These crystals sometimes enclose remnants of plagio-
clase and microcline. Quartz also forms interstitial aggregates of
smaller: crystals and many are unstrained. A prominent con-
stituent of the gneisses is the distinctive brotxte, pleochrorc from
pale brown to greenish brown, often 3.5 mm in length, and
altered in the cores to pale. yellow pleochrorc eprdote and at the

margins to pale green chlorite. The fohatlon inithese rocks is -

produced by elongated aggregates of thrs_jbrotite ' The biotite

contains numerous small inclusions of ap‘a.i rand associated
with the biotite are euhedral crystals of sphe ne up to 0.7 mm in
length and smalil crystals of garnet. E

5. Schists

Two bodies of schist, one 2 m wide and the other 100 m
across, occur on the western side of station E.3283; both dip
steeply and.trend between 066° and 081° true. They are inter-
bedded with acid gneisses and they seem to contain inclusions of
the gneisses close .to the contacts, indicating. that they are
younger than the gneisses.
In the hand specimen, the schists are coarse-grained, grey—
green in colour with discontinuous black micaceous bands and
euhedral porphyroblasts of white potash feldspar which may be
over 1 c¢m in length (Fig. 7). Microscopically, the potash feld-
spar appears to .be microcline-microperthite, dusty with fine
inclusions, 1ncrp1ently sericitized and ‘exhibiting a faint cross-
hatch twinning. It is poikiloblastic towards the small plagioclase

1 "FIGURE 7

Porphyroblasts of potash feldspar in a schist (E 3283.3; the key is 5.9 cm
long).

crystals and it has a slightly irregular boundary with the small
crystals of the groundmass ,

Apart from the microcline porphyroblasts, the rock has the
porphyritic texture typical of a dyke or lava and comprises
phenocrysts of quartz and plagloclase set in a fine-grained
groundmass. The plagloclase (An4) forms twinned crystals or
glomeroporphyritic aggregates ‘which have been altered to
calcite, * sericite and saussurite and have been perrpherally
corroded to give ﬁnely serrated boundaries. The crystals have
retained their original lath shapes but they have been broken, the
cracks being filled with fine angular fragments of plagroclase
quartz and small flakes of serrc1te and biotite.

The quartz. phenocrysts are rounded embayed crystals whose
boundaries have been modlﬁed ‘by partral recrystalhzatlon to
give a serrated appearance ‘

The elongated or: equant maﬁc mmerals ‘have been com-
pletely pseudomorphed by pale yellow epidote, green biotite,
small grams of sphene and leucoxene. The matrix of the rock
comprises mainly recrystallized quartz and feldspar with much
sericite and biotite which are wrapped around the phenocrysts.
The biotite is pleochroic from straw to green-brown and forms
elongated aggregates of small crystals 0. 1 mm or less in‘length;
associated with the biotite ‘are radiating crystals .of yellow
epidote ‘and a number of broken euhedral crystals of sphene
(0.4-1 mm-in length). Haematlte, calcite and small crystals of
znrcon are common accessories in the groundmass.

6. Mmor greenschist

Minor greenschist dykes are conspicuous in the acid gneisses
and they are easily distinguished from the younger basic dykes
by their schistosity. At station E.3291, a schistose dyke 1.4 m
wide ‘and dipping at 60° in a direction 086° true intrudes
massive acid gneisses similar to those at station E.3290. Micro-
scopically, this rock consists mainly of ragged fibrous horn-
blende: (large 2Va; yic = 29°) with a pleochr01sm scheme
o = pale bluish green, B= pale green and v = pale brown. The
hornblende has been bent and fractured, the fragments being
separated and altered to biotite. Clear plagIOClase (An;,) forms
small 1rregular crystals which are often twmned and have a
slight undulose extinction. They contain numerous very small
inclusions in addition to small crystals of hornblende

Quartz, iron ore¢ and sphene are the main accessory minerals
and small crystals of the latter often surround the elongated
masses of i iron ore.

In spec1men E.3296.2, clusters of elongated crystals of
epldote up to 0.4 mm in length are abundant.

7. Engel Peaks granite

This granite at Engel Peaks forms a pluton elongated
north—south and approximately 2 km wide, and is situated in the
extreme north-eastern part of the area. The granite pluton is
separate from the main outcrops of the metamorphic complex
but, since it is overlain by the basal breccia of the metavolcanic
sequence, it is included within the metamorphic complex.

In the hand specimen it is coarse-grained, pink in colour and
comprises plagioclase, potash feldspar, quartz and black mafic
minerals, Specimen E.3271.1 has been examined in thin section
and has an unusual texture (Fig. 8), the major components—
quartz, potash feldspar and plagioclase—having a ragged
appearance.

The plagioclase (up to 7 mm in length) exhibits deformation
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FIGURE B

The texture of the Engel Peaks granite showing dactvlitic inter-
growths of quartz and feldspar. (E.3271.7; X-nicols; = 44)

twinning and it has been replaced to a variable extent by patches
of turbid potash feldspar, and all gradations between antiperthite
and coarse patch-perthite are represented.

The remainder of the rock consists of xenomorphic crystals of
fine microperthite which form dactylitic intergrowths with
strained quartz. The microperthite iz poikilitic towards the
plagioclase and often the twinning in the plagioclase component
of the microperthite is parallel to that in the plagioclase.

The only mafic mineral present is ilmenite which forms
irregular masses that have been partially altered to leucoxene.
Small crystals of sphene are common and muscovite occours in
sheaves of crystals with a decussate texture but this is relatively
Tare.

C. GEOCHEMISTRY
Twenty-six specimens of the major rock types in the meta
morphic complex to the east of the Eternity Range have been
analysed (Table I1). The purposes of this study are:

i. To compare these rocks with metamorphic rocks from
other parts of the Antarctic Peninsula.

ii. To study various rock types within the metamorphic
complex and to attempt to determine their origing and
histories.

iti. To provide chemical criteria to discriminate between the
igneous rocks of the metamorphic complex and the
younger plutonic rocks.

The analyses of the metamorphic rocks of northern Palmer
Land have been plotted on triangular variation diagrams with
coordinates (Fe"+Fe" )—Alk—Mpg and K—Na—Ca (Fig. 9), and in
Fig. 10 these are compared with the analyses of Hoskins (1963)
and Fraser (1965) from Marguerite Bay, and those of Marsh
(1968} and Stubbs (1968) from the Osecar 11, Foyn and Bowman
Coasts, on the east coast of Graham Land.

It is evident from Fig. 10 that, while the metamorphic rocks
from Marguerite Bay and the east coast of Graham Land are
broadly comparable, those from northern Palmer Land are
much richer in alkalis, especially potassium. Although some of

Fe™+Fe™ (K]

Ha+KiNal Malcal
FlGure %

Triangular variation diagram plotted on the coordinates (Fe¥+ Fe¥ —Alk—Mg

(AM®+¥X) and Ca—MNa—K (AO0+%%) for rocks from the metamorphic

complex, The dashed line delineates the feld of magmatic rocks (Raju and

Fao, 1972).
A and N Biotile-gneisses. Fand + Engel Peaks granite.
W and O Augen-gneisses. W and v Amphibolites,
& and Acid pneisses. X oand x Grreenschist dykes.

Fe*+ Fe™ (K}

Alk(Mal MyglCal

Figure 10
Triangular variation diagram plotted on the coordinates (Fe"+ Fe" ' )—Alk—Mg
M and @) and Ca—MNa—K (O and O) for metamorphic rocks from the Oscar 11,
Fovn and Bowman Coasts (@ and O, Marsh, 1968; Stubbs, 1%68) and
Marguerite Bay (M and [0, Hoskins, 1963: Fraser, 1965). The dashed lines
delingate the main concentration of rocks from northern Palmer Land (Fig. 9.
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TaAsLE III

MEAN ANALYSES OF THE BIOTITE-GNEISSES, AUGEN-GNEISSES,
ACID GNEISSES AND THE ENGEL PEAKS GRANITE - -

1 2 Sy 4
$i0, 66.69 70.76 06| 74.13
TiO, 0.62 0.37 0.27 ° an
ALLO, 15.58 4.6 16.10 ’ .82
Fe;0; 1.98 1.22 1.08 S 251
FeO 1.96 1.45 1.00 )30
MnO 0.05 0.05 0.04 ).
MgO 2.75 0.60 0.58 .07
Ca0 2.61 1.47 1.7 01.5:5:_'
Na,0 2.84 3.23 3.18 3510
K.0 4.17 5.41 5.83 6.28
P,0; 0.16 0.09 0.12 0.07
H,0+ 0.27 0.21 0.21 0.20
H.0— 0.21 0.17 0.21 0.12
Cr 43 13 6 -
Ni 30 7 6 5
Rb 183 230 280 242
Sr 451 157 333 28
Y 62 84 88 111
Zr 298 236 165 427
Nb 12 13 13 19
Ba 791 788 783 933
La 41 62 45 64
Ce 62 98 64 95
Pb 52 41 60 70
Th % 31 30 30
Ga 24 18 .20 10
K/Rb 191 193 17 215
Ba/Rb 4.3 3.4 3.9 3.9
K/Sr 77.4 282 144 1862
K/Ba 44.1 56.3 61.3 55.9
Rb/St 0.41 1.46 0.84 8.64
Ca/Sr 41.7 83.4 36.3 140.5
Ba/Sr - 1.75 5.00 2.35 33.3

1. Average of four biotite-gneisses (E.3606.1, 3607.1, 3612.1, 3612.2).

2. Average of seven augen-gneisses (E. 3286.2, 3259.1, 3296.1, 3603.1,
3608.1,3611:1,3614.1).

3. Average of seven acid gneisses (E. 3279.6, 3285.1, 3286.4, 3290.1,
3291.1,3609.1,3613.1).

4. Engel Peaks granite (E.3271.1).
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these differences may be attributable to the errors due to the
different methods of analysis and/or a bias in sampling (Stubbs
has not analysed porphyroblastic and augen-gheisses), it is clear
that the calcium-, magnesium- and iron-rich rocks, which are
abundant in the metamorphic complexes of Graham Land, are
rare in northern Palmer Land.
The acid gneisses, augen-gneisses, metasomatized amphibolite
and all but one of the biotite-gneisses have similar compositions
- (Fig. 9; Table IIT). There is a marked similarity in the oxide per-
centages, trace-element abundances and most of the element
ratios. The main differences between the various gneiss groups
are that the biotite-gneisses have lower silica and potassium, and
higher magnesium, calcium and iron than the acid gneisses and
augen-gneisses, and most of the acid gneisses have a ‘higher
alkali content than the augen-gneisses (Fig. 11). The remaining
amphibolites and the greenschist dykes plot away from the other
rocks on the triangular variation diagrams and do not seem to
be genetically related to them; the greenschist dykes can
probably be correlated with the basic metavolcanic rocks
described on p. 14 and their geochemistry will be discussed in
relation to the other basic volcanic and hypabyssal rocks on
p. 38-40. : , :
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FIGURE 11

A plot of total alkalis against silica for rocks from the metamorphic complex.
The symbols are the same as in Fig. 9.

Because the augen-gneisses and acid gneisses have a granitic
composition, their chemistry can be compared with the results of
phase-equilibrium experiments in systems resembling granitic

rocks. Tuttle and Bowen (1958) and Luth and others (1964)

examined the system NaAlSi,0,—K AlSi;0,—Si0,—H,0 at water
pressures of between 0.5 and 10 kbar, and they found that
minimum crystallization takes place with acid plagioclase,
potassium feldspar and quartz crystallizing together at tempera-
tures from 760° to 625°C; this minimum becomes a ternary
eutectic at between 3-and 4 kbar, and its composition moves
towards the NaAlSi,O, apex with increasing water-vapour
pressure. Tuttle and Bowen (1958) compared the normative Q,

Ab . - Oor
FIGURE 12

A plot of normative quartz, albite and orthoclase for the Engel Peaks granite,
and the augen-gneisses and acid gneisses which - contain normative
Q+Ab+Or > 79%. )

a Augen-gneisses.
[ J Acid gneisses.
+ Engel Peaks granite.

The solid line indicates the trend of the ternary minima and eutectics at water

pressures of between 0.5 and 10 kbar (Tuttle and Bowen, 1958; Luth and

others, 1964). The dashed line encloses 86%. of all the granites considered by
Winkler (1974, fig. 18-11). '

An

Ab

FIGURE 13
A plot of normative. anorthite, albite and orthoclase for the Engel Peaks
granite, the ‘augen-gneisses and acid = gneisses which contain normative
Q+Ab+0r > 79%.. : :

The symbols. are the same as in Fig. 12. The low-témperature trough in this
system is enclosed by ‘the continuous parallel lines, while the dashed lines
enclose the outer limits of compositions indicative of crystallization of liquids
in the thermal trough allowing for analytical error (Kleeman, 1965, fig 4A).
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Or and Ab of all the analysed rocks in Washington’s (1917)
tables in which normative Q+Or+Ab > 80% with their experi-
mental results and they concluded that “there can be little doubt
that magmatic. liquids are involved in the genesis of the granitic
rocks”.

Kleeman (1965) studied the system Or—Ab-An-SiO, at
5 kbar water-vapour pressure and he showed that there is a
closer correlation between the “average” granite composition
and the low-temperatur‘e trough in this system than there is
between the “average” granite composition and the minima in
the Or—Ab-SiQ, system, especially at water-vapour pressures of
2 kbar or more.

Most of the acid gneisses and augen-gneisses from northern
Palmer Land which have been analysed have at least 79% of
normative  Q+Ab+Or and ‘these have been plotted on a
Q—-Ab-Or dlagram (Fig. 12) and an Or—Ab-An diagram (Fig.
13). On the Q—Ab—Or diagram the augen- gneisses plot fairly
close together and trend from the low-temperature end of Tuttle
and Bowen’s minimum towards the Or apex; all of the points lie
within the field of “average” granites (Winkler, 1974, fig. 18-11).
Three of the augen-gneisses fall in the low-temperature trough
on the Or—Ab—An diagram, while the other three are grouped
just outside of it and, s1m11arly, on the K-Na—Ca diagram (Fig.
9) four out of six augen-gneisses fall in the field of magmatic
granites (Raju and Rao, 1972). It seems, therefore, that many of
these gnelsses have a magmatic origin. As there is no evidence to
suggest that they are the products of the differentiation of more
basic rocks, they, like the intrusive granites studled by Bowes
(1967), are probably the products of partlal melting at low
water—vapour pressure, and the orthoclase-enrichment trend is
due to a metasomatic replacement of plag1oclase by microcline.
The relatively rare crystals of microcline in some of the biotite-
gneisses were probably formed at this time.

Most of the acid gneisses plot within the field of magmatic
granites on the K—Na—Ca diagram (Fig. 9) and in the low-
temperature trough on the Or—Ab—An diagram (Fig. 13). On the
Q-Ab-Or:diagram (Fig. 12) they plot below the augen-gneisses
but they have a similar orthoclase-enrichment trend. The
evidence indicates a magmatic origin and they were probably
formed by partial melting at higher water-vapour pressures than
those existing during the formation of the augen-gneisses.
Potash metdasomatism again accounts for the orthoclase-enrich-
ment, and the presence of potash feldspar porphyroblasts in the
amphlbohte and the schists is evidence of the efficiency of this
process.

The Engel Peaks granite plots close to the acid gneisses in all
of the diagrams and a similar origin is suggested for this
intrusion.

Two of the acid gneisses (E.3290.1 and 3291.10) stand out
from the rest with their much lower K/Rb and lower Ba/Rb
ratios (Table II), both of which indicate fractionation (Taylor,
1965). These two specimens were taken from adjacent nunataks
and they probably belong to the same igneous body.

~There is little evidence to indicate the original nature of the
biotite- gnelsses The most significant differences between these
biotite-gneisses and the augen-gneisses and acid gneisses are the
much higher chromium and nickel values of the former (Table
I). In T able IV the chromium and nickel values of the biotite-
gnelsses are compared with. the average of six Andean non-
hybrid; granodlorltes and sedimentary rocks from the Danco
Coast (West, 1974).  All of the rocks in this table contain

TABLE IV.

A COMPARISON OF THE CHROMIUM AND NICKEL
ABUNDANCES OF THE BIOTITE-GNEISSES WITH THOSE OF AN
AVERAGE GRANODIORITE FROM NORTHERN PALMER LAND

AND SEDIMENTARY ROCKS FROM THE DANCO COAST

1 2 e 4
Cr 43 66 60 7
Ni 30 31 25 8

1. Average of four blotlte—gnelsses (E. 3606 1,3607.1,3612.1, 3612.2).
2. Average of four siltstones from the Danco Coast (West 1974 table I1I,

column 6).
3. Feldspathic sandstone from the Danco Coast (West, 1974, table TI1,

column 1).
4. Average of six non-hybrid Andean granodiorites from norther Palmer

Land (E.3245.3, 3246.1, 3620.3, KG.1200.6, 1207.3-and 1221.1).

between 60 and 68% SiO,, and it is clear that the chromium and
nickel values resemble more closely those of the sedimentary
rocks. It was suggested, on petrographic grounds, that one of
the biotite-gneisses (E 3607.1) was derived from sedimentary
rocks.

The amphibolites are a heterogeneous group of rocks. -
Specimen E.3282.3, in its major and trace elements, especially
the high magnesium, iron, calcium, chromium and nickel,
resembles a basic igneous rock. Specimens E.3291.11 and 12
show the chemical effects of the metasomatic formation of
potash feldspar porphyroblasts in the amphibolite, specimen
E.3291.11 having come from close to the contact with the
intruding acid gneisses and specimen E.3291.12 12 m away
from the contact. The metasomatism has introduced silica,
sodium, potassium and associated trace elements, and has
depleted the amphibolite in iron, magnesium and calcium.

The geochemistry of the metamorphic rocks will be com-
pared with that of the younger plutonic rocks on p. 31-35.

D. METAMORPHISM AND METASOMATISM

The lack of characteristic metamorphic minerals makes it
difficult to determine the metamorphic grade reached in these
rocks. However, the mineralogy of the schists and gneisses from
the western side of Palmer Land and the biotite-gneisses east of
the Eternity Range, i.e. the presence of large crystals of garnet
associated with plagioclase (andesine-labradorite), indicates
regional metamorphism to the almandine- -amphibolite facies
(Turner and Verhoogen, 1960, p. 544). This was followed by a
marked shearing stress when the garnet crystals were ‘shattered
and partially replaced by either biotite or ch]orxte, the: trans-
formation of garnet to biotite rather than chlorite is thought to
occur when the temperature is higher, at an earher stage in the
retrograde metamorphism (Harker 1950, p. 350), accordmg to
the formula:

R,AL(SIO,), + 2KAISi308+2H20 —

garnet : potash feldspar
H,KR;AI(SiO,),. H,KAIL,(SiO,),+3Si0, .
biotite .
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Associated with the break-down of the garnet is the alteration of
the plagioclase to albite.

There are deformed porphyroblasts of potash feldspar in
some of the biotite-gneisses and these were probably introduced
during the intrusion of the augen-gneisses. Both the biotite-
gneisses and the augen-gneisses have a strong foliation marked
by abundant biotite and recrystallized quartz and feldspar, and
this is wrapped around the broken garnet crystals, the plagio-
clase and the microcline; this foliation distinguishes these rocks
from the younger metamorphic rocks.

The intrusion of the acid gneisses was. also accompanied by
potash metasomatism in the host amphibolites. Some of these
acid gneisses have a weak foliation marked by the preferred
orientation of biotite.

The presence of potash-feldspar porphyroblasts in the schists
is more difficult to:explain as these rocks are quartz-plagioclase-
porphyries and they seem to be younger than the surrounding
acid gneisses. These schists may be equivalent to the dacitic
rocks belonging to the metavolcanic and metasedimentary
group and, if this is the case, a relatively young period of potash
metasomatism is present. This metasomatism is unlikely to have
been associated with the undeformed plutonic rocks because the
granodiorites in this area are relatively depleted in potash and,
consequently, it is possrble that some of the acid gneisses are
younger than the metavolcanic and metasedimentary rocks.

This limited evidence suggests that at least three phases of
metamorphism ‘and metasomatism have affected these meta-
morphic rocks. The biotite-gneisses were subjected to
almandine-amphibolite metamorphrsm and, after the intrusion of
the ‘augen-gneisses, the garnet crystals in the biotite-gneisses
were broken up and a strong foliation was imparted on both
rock types. A younger metamorphism has imposed a weak folia-
tion on some of the acid gneisses and this event may be the one
which affected the metavolcanic and metasedimentary rocks.
Potash metasomatism accompanied the intrusion of the augen-
gneisses and the acid gneisses, and the presence of potash-
feldspar porphyroblasts in the schists suggests a third younger
period of metasomatism. '

E. AGE oF THE METAMORPHIC COMPLEX

From the field evidence, it is only possrble to give relative ages to
the metamorphic rocks. ‘The biotite-gneisses have been intruded
by the augen-gneisses and in places they have a lit-par-lit
relatronshlp No contacts were observed between either the
biotite-gneisses or the augen-gneisses and the amphibolites, but
the latter are intruded by acid gneisses.. In. turn, these are
1ntruded by the minor greenschist dykes but it is uncertain
whether they are younger or older than the schists which are
interbedded with and are younger than the acid gneisses. The
Engel Peaks granite is situated some distance away from the
main. metamorph1c complex but in its composition it is closely
similar to the acid gneisses; this granite forms a basement to the
metavolcanic and the metasedimentary rocks.

No radiometric ages| have been obtained for the metamorphic
rocks ol northern Palmer Land. The schists exposed in the Mica
Islands have been mcluded by Adie (1954) in ' the “Basement
Complex”, which he tentat1vely suggested ° as being early
Palaeozoic but more probably Archaean”. However, radio-
metric age determinations on rocks of the “Basement Complex”
of Marguerite Bay carried out by Halpern (1971) and Grikurov
and others (1966 p- 1401) have yielded ages much younger than
Precambrran The Rb-St determinations carrled out by Halpern
(197 1) ion orthognersses gave a total-rock age of 200+10 Ma
(Trrassrc) but K Ar age of only 108+5 Ma (Cretaceous) for
brotrte from one of the gneisses. The latter is similar to the K-Ar
age determrnatrons of Grrkurov and others (1966) and it 1mphes
a loss of radrogenrc arg on and strontrum from the biotite during
the “Andean” orogeny Upper Cretaceous—Lower Tertrary)

From radrometrrc evi dence, Marsh (1968) suggested that the
amphrbolrte facxes of regronal metamorphr of
morphrc rbcks on the eastern side of Graham Land ended in the
Permian. Th1s age is W1th1n the range whrch has been suggested
for, the Trm1ty Pemnsula Series.

'In view of the limited radiometric evidence and the problems
of correlatrng the varlous rock groups from drﬁerent parts of the
Antarctrc ‘Pemnsula, it is not possrble to suggest absolute ages

for’ any of the events in the metamorph1c complex of northern

‘ Palmer Land

IV. METAVOLCANIC AND METASEDIMENTARY ROCKS

Tuis is a distinctive sequence of rocks exposed to the east and
west of the metamorphic complex, east of the Eternity Range.
Lavas, altered tuffs and metasedimentary rocks are represented
and, although original textures are much in- evidence, the
development of small flakes of biotite with a marked preferred
orientation indicates regional metamorphism up to the green-
schist facies. The lavas are generally massive and well jointed,
while the pyroclastic rocks and metasediments are cleaved and
jointed.

A. FIELD RELATIONS

The base -of the succession is a breccia, which rests on the
deformed Engel Peaks granite (E.3271.1), and the contact dips
at approximately 80° in a direction 352° true. The exposure at
station E.3271 is very fragmented and, although the actual

contact is not visible, there is a definite transition westward from
boulders of solid granite to a consolidated breccia containing
angular fragments which are variable in size but mostly less than
8 cm in diameter within 1.5 m of the contact. About 90 m from
the contact there is a 3 m wide argillaceous band and above this
is aconglomerate, which is similar to the breccia except for
slight rounding of the clasts and the presence of inclusions of the
arglllaceous rock. At the extreme western end of the outcrop, the
conglomerate is overlain by a few centimetres of green slate.con-
taining fragments of granite and these are succeeded by black
slates; the contact between the green slates and the con-
glomerate dips at 70° in a direction 255° true.

This sequence of rocks is also exposed in various nunataks to
the -north, west and south of Engel Peaks but no marker
horizons were recognized and so the scattered outcrops cannot
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be correlated with certainty. However, the attitude of the
bedding is very consistent with steep dips to the west and strikes
varying between 156° and 168° true. The exposures of lava
(E.3268 and 3276) are generally small and the massive well-
jointed rocks have been frost-shattered, but at station E.3267
there are massive volcanic tuffs and at station E.3270 coarse-
grained metasedrmentary rocks are interbedded with layers (less
than 1 m thick) of white ﬁne-gramed rocks which are sometimes
banded.

West of the. metamorphic complex the metasedimentary and
metavolcanic succession is represented by cleaved quartz-

keratophyre tuffs and lavas dipping at 70° to 240° true on the TasLE V
north-eastern side of Mount Charity (E.3616), sheared dacites CHEMICAL ANALYSES %E%I?g ﬁﬁ%iALTS FROM THE ENGEL
on the south eastern side of Mount Faith (E 3601), and inter- :
bedded sandstones and shales at station E.3615. At station . 1 _—
E.3616 the quartz- -keratophyres are 1ntruded by gramtrc rocks » , ‘
which are thought to be equivalent to the pre-volcamc adamelllte , Si0, 48.40 | 53.46
exposed farther south, and these works are overlam by the .
Mount Charrty sedrmentary and volcamc successron ' TiO, 0.57 Er 1.99
B. PETROGRAPHY AL O, : 12.54 - 11.15
1. Basic lavas Fe,0; 7.46 . 12.63
These lavas are greenish black in colour and are sometimes FeO 419 412
amygdalordal Specimen E.3276.1 has quartz-filled amygdales ' '
(2-14 mm in length), which have beeri deformed to an elliptical 5 MnO 0.17 . 0.25
shape, and small quartz veinlets. There are also patches of pale ‘ « ~ L R
green epidote which seem to be filling amygdales. In thin section . MgO : 11.22. o 3.36
the rock is equigranular andithe quartz- filled amygdales have an Ca0 9.55 5.49
1rregular outline and a rim of small recrystallized quartz grains ' o )
about 0.1 mm in diameter with straight boundaries and triple- Na,O 1.96 4.88 .
point. 1ntersect10ns The 1nterrors of the amygdales contain . :
irregular crystals up to O 4 mm in d1ameter with an undulose K0 . 0.71 , : 1.49
extinction and fine lobate sutured boundaries; these seem to P.O. , 0.06 ‘ 0.36
have formed by partial recrystallization during the period of e ' '
stress that caused the elongation ol‘the amygdales. The epidote- . H,0+ 1.30 , . 0.60
filled amygdales contain equant crystals up to 0.4 mm in _ . '
diameter which are pleochro1c from pale yellow to greenish H 0~ v 0.22. .. 0.28
yellow A later generatron of epidote is represented by small TOTAL 98 35 I 100.06
crystals less than 0.1 mm in diameter. These form patches and

discontinuous veinlets with quartz and they cut the epidote-filled

amygdales. The groundmass consists of twinned plagioclase ELEMENT PERCENTAGES LESS TOTAL WATER

(An,) microlites 0.07-0.35 mm in length, abundant ilmenite, Sit+ 23.37 10.91
leucoxene, sphene, epidote and small flakes of green biotite. ’ )
Specimen E.3268.1 is finer-grained than the one described Ti4+ 0.35 0.52
above and it contains amygdales of epidote set in a groundmass |
of small plagioclase microlites and ragged green tremolite- Al ‘ 6.85 2.57
actinolite (y:c = 18°); ilmenite, which is partially altered to o Fed+ . 539 3437
leucoxene, and chlorite are also prominent in the groundmass - : _ . o
There are a few large elongated crystals up to 1.2 mm in length o Fe** 3.36 11.57
which have been completely replaced by a combrnatron of pale o C k
green amphrbole, chlorite, epidote, green biotite and ilmenite. , o . Mn 0.14 0.08
The chemrstry of these lavas (Table V) drﬂ‘ers appreciably . B Mg?+ , 6.99 0.88
from that of the Upper Jurassic lavas, mamly in the lower '
alumina and higher iron of the former These basic lavas are, : . Catt . 7.05 . 1.71
however, srmllar to the greenschlst dykes of the metamorphrc Na+ 150 158
complex. Their chem1stry will. be  discussed more fully on ) ’
p- 38-40. . % . K+ o 0.6l 0.54
2. Sheared andesites P 0.03 0.07
In the hand specimen the sheared andesites are black or grey o 44 36 35.19
in colour and they may have a speckled appearance due to the : .
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_C.LP.W. NORMS

Q. 2.03 3.3
Lz - 0.02
o 4.32 3.84
i 17.09 - 18.01
an 4.0 1.8

o 19.12 07
fi)hy = 20;;7‘9;‘ N 0.37
it s s
cm : 021 e

o 112 jll.65
 hm : 13:‘7.53
lans 0.5 0.37

Position (1/3 Si+K)—(Ca+Mg) —5.47 +3.60
TRACE  ELEMENTS

Cr 904 9

Ni 334 1

Ga 14 25

Rb 28 2

Sr 152 32

% 14 43

Zr 31 195

Nb 1 11

Ba 205 258

La 12 )

Ce 8 64

Pb 3 20

Th - 8

ELEMENT RATIOS
K/Rb 218 129
Ba/Rb 7.3 6.1
COORDINATES OF TRIANGULAR
DIAGRAM

Fe 49.0 93.9

Alk 1.8 4.3

Mg 39.2 1.8

1. E.3268.1
2. E.3276.1

South of Engel Peaks.
South-east of Engel Peaks.

presence of white plagioclase crystals. Microscopically, they
have a porphyroclastic texture with large broken plagioclase
crystals (An,,) and a few rock fragments set in a fine-grained
matrix. The plagioclase crystals, which are antiperthitic, have
been bent and sheared and some crystals have been welded
together,

The matrix consists largely of: greemsh brown brotlte, chlorite
and small flakes of sericite concentrated into schistose bands
which are wrapped around the broken porphyroelasts Crystals
of 1lmen1te often occur as inclusions in the feldspar and they are
generally bronen and‘ surrounded by leucoxene and sphene.
There is. muc] rained armd partlally recrystalhzed quartz
and plagroclase in the matrrx

3. Sheared dacites ‘ : : ‘

These are pmk-coloured porphyrrtlc tuff or 1ava contammg
phenocrysts of embayed quartz and plagioclase (An32) set in a
granulated and serrcrtlzed groundmass. The plagioclase crystals
have been replaced to various degrees by potash feldspar and
some contain quartz blebs. The ﬁne-gramed matrix seems to
consist of small recrystallized grains of feldspar, crystals of
haematite’ and - shear planes smeared with sericite which are
wrapped around the phenocrysts.

4. Quartz—keratophyres

The quartz-keratophyres are pale grey cleaved porphyrmc
rocks with phenocrysts  of subhedral embayed quartz . and
plagioclase, Wthh often ~has chequer twinning.  Plagioclase
(Any;) is present as clots of small crystals (Fig. 14a), which may
be elongated along the foliation, or as albitic plagioclase with a
chequered str *’mre, small ‘inclusions -of the andesine are con-
tained in the I atter (Flg 14b). Potash feldspar has replaced the
plagioclase to varlous degrees; it extends inwards from the
crystal margms ‘along cracks and cleavages, and with quartz it
also! forms verns 'which extend beyond the margms of the
crystals. i

Battey (1955) has explained similar chequered -albites. in
keratophyres as havmg formed by “porphyroblastic growth
proceeding from numerous centres and. approachmg :axial paral-
lelism * by *successive recrystalhzatlons and similar potash-
feldspar intergrowths with the chequered albite as replacement
rather than exsolution features. |

Most of the ;quartz-keratophyre tuﬁ's and lavas have sheared
groundmasse‘s of recrystallized quartz, haematlte and sericite
wrapped  around the porphyritic crystals, but the relatively
undeformed St ecnnens contaln dev1tr1ﬁed glass fragments.

i e

ary rocks

narked st catron suggestlng a sedlmentary orlgm ‘In thin
section the]se ocks are composed of porphyroclasts of plagio-
clase set'ina wﬁne _grained matrix containing abundant brown
blotlte w1th a "1 efw,; ed orientation. The porphyroclasts may be
 lor ?,a?gregates and two types of plagioclase are
esrne and optically posmve alblth plagloclase
The fohated matnx is wrapped around the porphyroclasts,
S§ re:% ' shadows containing relatwely “.coarse
recrystalhzed quartz and sometimes calcite.
Specimen E.3270.7 consists of lenses and layers of
polygonized quartz with occasional irregular crystals of albitic
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Fraure 14

a. A lenticular clot comprising small crystals of andesine, (E.3616.1; X-nicols; = 50)
I, An inclusion of andesine in chequered albite, (E. 3616.1; X-nicols: = 37)

plagioclase. The quartzose layers are separated by a finer-
grained matrix of biotite, iron ore, quartz and feldspar.

Fine-grained siltstones or ashes crop out mainly at station
E.3270, where they are intercalated with the coarser rocks
described above; they form relatively thin beds which may be
either white and massive or finely banded. Specimen E.3270.4
has interpenetrating black and white bands (Fig. 13). In thin
section, the light-coloured bands consist of fine layers and lenses
of crystals, mainly recrystallized quartz with straight boundaries
and triple-point intersections, patches of calcite, small flakes of
green bhiotite with a marked preferred orientation and a few
larger grains of corroded microcline. The banding is transected
by small quartz veinlets in which the crystals are elongated
along the veins.

The dark bands in the rock have an abundance of epidote and
sericite but they lack the biotite and tend to be more
inequigranular. These bands contain relatively large irregularly

Froure 15

Interpenetrating black and white bands in a metamorphosed siltstone.
(E.3270.4; the head of the kev is 2.0 om wide)

shaped crystals of quartz and plagioclase up to 0.25 mm in
length set in a finer-grained matrix containing much sericite.

The fine-grained white rocks seem to be composed of similar
constituents to those in the light-coloured bands in specimen
E.3270.4,

At station E.3615, green sandstone beds, a few centimetres
thick, are interbedded with highly cleaved shales. The sand-
stones are equigranular with clasts of quartz and feldspar up to
(.2 mm in diameter. Quartz is the most abundant mineral; it has
slight undulose extinction, contains abundant inclusions and has
been recrystallized in places. Both types of plagioclase
described above are present. There is an abundance of sericite
around the crystals and some of this has recrystallized to form
muscovite flakes up to 0.6 mm in length. Patches of caleite and
chlorite are common in the groundmass, some of the latter being
replacement products of detrital biotite. Also in the groundmass
are vermicular structures up to 2 mm long consisting of a
colourless isotropic mineral and they are conformable with the
bedding, although their character suggests that they are post-
depositional but earlier than the formation of muscovite. Heavy
minerals are concentrated into zones parallel to the bedding,
zircon, sphene and iron ore being most abundant. There are
several shear zones in these rocks comprising granulated and
recrystallized quartz and hasmatite staining.

6. Greenstones

This 15 a term used for very altered green-coloured rocks
which may have been dykes, sediments or basic volcanic rocks.

Specimen E.3270.2 is a grey-green tuffaceous rock composed
mainly of ragged plagioclase {andesine and albitic plagioclase)
and pale green pleochreic tremolite-actinolite (v:ic = 17°)
Yellow epidote occurs as single stumpy anhedral or subhedral
crystals or as clusters of such crystals associated with chlorite or
calcite. Euhedral magnetite and small clots of biotite are
common in this rock.

Specimens E.3274.1 and 2 are similar to the one described
above but they contain patches of spongy epidote with sutured
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margins, and subordinate quartz and chlorite; these may be
amygdales. '

C. REGIONAL CORRELATION

The lack of fossil ev1dence ‘or radrometrrc dates .makes. the
correlation of the metasedlmentary and meta volcamc rocks with
other sequences in the Antarctrc Peninsula very difficult.
However, deformed sequences of sedime ta y and volcamc
rocks have been described from several areas .

Elliot (1965, 1966) descrlbed a sequence of unfossrhferous
deformed sandstones, srltstones and shalestcontaxmng a small
proportion of pebbly shale and greenschlst Wthh com
gressively more s d
schist facies) sout
Trinity Peninsulfa eries, fc
Palacozoic (probably. Ca
boniferous age has been asc ibe:
and similar rocks in Alexander‘ |
deformation of these rocks is thought to havl
Upper Trias—Lower Jurassic (Miller, 1960).

At Cape Legoupil, rocks both hthologlcally and structurally
similar to the ‘Trinity Peninsula Series contam fossils ‘of ‘a
Triassic age (Thomson, 1975b) and this suggests ‘that either the
Trinity Peninsula Series conditions of deposition iextended into

. the Trias, or the Cape Legoupil rocks are a?youn;ger succession
(Thomson, 1975c¢):

Unfossiliferous cataclastic sedlments from the extreme north-
eastern part of Palmer Land have been correlated with the
Trinity Peninsula Series, .and the associated keratophyres -and
related volcanic rocks (some of which are similar to the meta-
volcanic rocks described by the author) are thought to be of a
similar age (Fraser and Grlmley, 1972). . .

All the ages suggested for the deformed rocks mentioned
above have been Trlas or older, but in the Lassiter Coast and

southern Black Coast a sequence of mtensely folded black silt-
stones, sandstones and shales and minor tan quartzmc and
arkosic sandstones (Wllhams, 1970), called the Latady Forma-
tion, has been dated as late Jurassic by fossil ‘marine inverte-
brates and plant fragments (Rowley, 1973). Intensely folded
acid ‘and intermediate lava flows and ash-flow tuffs apparently
overlie the Latady Formation at Mount Poster and similar
volcanic rocks have also been found farther north (Rowley,
1973).

The discovery of these late Jurassrc deformed sedlmentary
and volcanic rocks makes the correlation of unfossiliferous
deformed rocks, which are quite common on the eastern side of
Palmer Land; drﬂicult Although Wllhams and Rowley (1972)
have cited petrographrcal differences between rocks of the
Trinity Peninsula Series and the Latady Formatron the only
suggestion that the two suc{}ssmns may exist in the same area
has been made by Kamenev (1973), who equated ‘the more
metamorphosed “fillites and metavolcanics” on the Lassiter
Coast with'the “Trmlty series of Enghsh geologists”.

In a discussion on the age of the metasedlmentary and meta-
volcanic rocks of northern. Palmer Land, probably the most
critical exposure is at the northern end of Mount Charity, where
sheared quartz—keratophyres are intruded by granitic rocks
which are overlain by the undeformed Mount Charity sedi-
mentary and volcanic rocks. On petrographical grounds, these
rocks are -considered to be :approximately equivalent to ‘the
Upper Jurassic volcanic rocks. As an appreciable time and
tectonic gap must exist between the formatlor of the quartz-
keratophyres and the Mount Charity sequence, it is reasonable
to correlate the latter with the keratophyres of the Bowman and
Wilkins Coasts (Fraser and Grimley, 1972) and the' Trinity
Peninsula Series. It is also probable that the other scattered
exposures of metasedlmentary and metavolcamc rocks:to the
east of the Eternity Range areof a comparable age

V. PRE-VOLCANIC PLUTONIC ROCKS

PLuTONIC rocks older than the Upper Jurassic Volcanic Group
occur at two stations (E.3248 and 3618) in northern Palmer
Land.

No radiometric ages are at present available for these rocks
but both Adie (1954) and Goldring (1962) have described
granitic intrusions that are older than the Upper Jurassic
volcanic rocks and these have been tentatively assigned an early
Palacozoic age. Radiometric determinations carried out by
Grikurov and others (1966) on these rocks are. inconclusive
because they have been affected by the later Andean intrusions.
Marsh (1968) .also described a suite of calc-alkaline plutonic
rocks from the Oscar II and Foyn Coasts; many of these have
been radlometrlcally dated as Jurassic. These rocks are thought
to be 1ntermed1ate in age between the two groups of pyroclastic

rocks which occur in this area. The pre-volcanic plutonic rocks

will be referred to again and their geochemistry ‘will be dis-
cussed together with that of the Andean plutonic rocks on
p. 31-35.

- -A. FIELD RELATIONS

At station E.3248, sedimentary rocks and volcanic tuffs belong-
ing to the Upper Jurassic'Volcanic Group overlie a granodiorite
pluton and the contact dips at 35° to the north. The basal con-
glomerate of the Mount Charity sedimentary and volcanic suc-
cession, believed to be broadly coeval with the Upper Jurassic
Volcanic Group 'on petrographical evidence, overlies an

adamellite on ' the north-eastern ridge of Mount Charity

(E.3618).

B. PETROGRAPHY

1. Granodiorite

In ‘the hand specimen, the granodiorite (E.3248. 2) is
weathered, coarse-grained and has a spotted appearance due to
the abundance of . mafic: minerals 'in' the white. plagioclase;
yellow-green epidote veins and pods are common. Microscopic-
ally, it consists mainly of twinned plagioclase (An;,) laths:up to
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a. Streaky aggregates of biotite, chlorite and e
granodiorite. (E.3248.2; X-nicols: = 41}

FisuRe 16
pidote surrounding plagioclase in the pre-volcanic

b Micraperthite poikilitically enclosing and replacing plagioclase. (E.3618.2: X-nicols: « 60

3.5 mm long which have been altered to sericite and epidote;
some of them have been severely altered and replaced by quartz
blebs. Myrmekite has developed at the margins of the plagio-
clase laths and in small crystals in the groundmass. The quartz
forms in groups of crystals with an undulose extinction and they
have corroded the plagioclase.

The effect of the contact metamorphism associated with the
adjacent Andean intrusive rocks is apparent from the streaky
aggregates of green-brown biotite, chlorite and epidote (Fig,
16a). Associated with these minerals are zircon, iron ore, sphene
(which often surrounds the latter) and apatite. In places the
epidote forms as veinlets or pods of vellow crystals which may
be elongated and up to 0.35 mm in length.

2. Adamellite

Specimen E.3618.2 is a coarse-grained equigranular red rock;
in thin section it is composed of large laths of plagioclase
{0.3-3.6 mm in length; Ang,), which have been replaced by large
flakes of sericite (0.01-0.1 mm long), and patches of calcite. The
plagioclase has been partially replaced by large xenomorphic

crystals of microperthite (Fig. 16b); this is mostly coarse string
microperthite but patch types also occur. Intergranular albite
has formed between adjacent grains of microperthite. Nao
myrmekite seems to be present: this is surprising since it is fairly
abundant in the microperthite-rich acid gneisses of the meta-
morphic complex and in some of the Andean adamellites.

There are two generations of quartz in the thin section:
hypidiomorphic to rounded crystals (0.35-0.7 mm) are enclosed
and marginally replaced by microperthite: a second generation
comprising large masses of xenomorphic quartz which containg
irregularly shaped inclusions and tongues of plagioclase, micro
perthite and quartz. The biotite has an unusual pleochroism
scheme a = pale yellowish brown and f = v = dark green; this
colour is attributed to the very low TiO, content and relatively
high Fe,0./(Fe,0,+FeO) ratio {(Hayama, 1959). The biotite is
kinked in places and has been partially replaced by haematite
and patches of sericite. Haematite also forms small veinlets and
patches in the rock.

Specimen E.3622.4, a sheared adamellite with a mineralogy
similar to that of the above, was collected from the col between
Mount Faith and Mount Charity.

VL. UPPER JURASSIC VOLCANIC GROUP

Tue Upper Jurassic voleanic rocks are by far the most wide-
spread group in the area between the Eternity Range and
George VI Sound. Green-coloured voleanic breceias and coarse
tuffs are commonest and the former are generally massive and
unstratified. However, a dacitic lava crops out in the Rhyolite
Islands (K.G.1202), and at station KG.1212 there is a sequence
of lava flows interbedded with tuffs and di pping on average at 6°
to the east-south-east. The complete volcanic succession is not

seen but the maximum continuous exposure is at station
KG.1208 where approximately 2 000 m of tuffs and breccias are
represented. Mo fossils were found in these rocks and as yet no
radiometric ages are available. However, these rocks can be
compared with volcanic rocks described from other parts of the
Antarctic Peninsula (Goldring, 1962: Hooper, 1962: Curtis,
1966; Elliot, 1966; Dewar, 1970) and some of these contain
fossils of Upper Jurassic age (Thomson, 1972). The various
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sequences of the Upper Jurassrc volcamc rocks and their strati-
graphical srgnrﬁcance have been summarrzed and discussed by
Taylor and others (1979) They have concluded that “although
volcanic sequences can accumulate rapidly, the w1despread
d1str1b.1txon of the ‘Upper Jurassic Volcanrc Group in the
Antarctrc Penmsula and the localized th1ck successions suggest

v ay ndt be conﬁned to the narrow tlme hm1t of

FIELD RELATIONS g

The various pyroclastlc rocks and lavas are 1nterbedded and are
seen in contact with a number of the older and younger rock
groups, At th head of Flemmg Glacrer, a pluton of grano-
diorite belongm to the pre-volcamc plutoni ‘rocks 1s overlarn

on gnexsses, the
ay westward to a
lap1ll1—tuﬂ' ( ith drameter), which
grades upwards
23 cm in diam
are ov; rlaiy

: :ntly east-
G.1217. The
' n are suc-

the h1ghest basalt (KG. 12 1'2' 9)

. P B. ‘PETROGR'AP.HY‘
1. Voleanic brecczas ! ity :

The | lithic fragments compnsmg the volcamc breccras are
varied | and 1nclude crystal tuﬁ‘s porphyntxc lava fragments,
often exh: ;',f\ g ; jJre, and‘gramtlc frag-
ments f quartz i ‘

dspar Altera-
: and several

sericite ‘chl
tion' of tl
dlstmc i

sheaves of prehmte ‘
The dark ¢olour of some of these breccias is due to the abund-
ance of ilmenite and leucoxene.

-Qw1th large ,
4 mm in length, set in a fine-graine
clase rmcrohtes, ser101te, quartz and,

‘f;and apatite are common accessory mi

of embayed quartz and corrod
altered matrix.

’ (Frg 17d)

3. Lithic tuffs "*’5
- Lithic tuffs

2. Crystal tujfs '
Crystal tuffs are the most w1despread group of volcanic rocks

after the coarse breccias. They are usually well bedded, compact
and they 1ther rest on top of brecc1as, as at station KG.1200, or
crop out in the lava—tuff sequence of station KG 1212.

The cr stal tuffs are porphyrmc (Et3248 5, KG 1200 1 and 8)
ften twinned alt o1

1t10n and consists

‘Specimen KG.1212.1 has a daci e
: ;m a fine-grained

‘As wnth the volcanic brecc1as, th . cry. tuﬁ‘s have been
extremely altered and a characterlstlc of specnnen KG.1200.1is
that the plagioclase has been replaced by chlorite, either almost
completely (F1g 17c) or along dlscrete con positional zones

12 and 1223. At
bly layer separating
sh green rock and

al ‘;the base of the
ragments probably

cropping out
ure of plagio-
loj ore.

ments, broken

: y.a Ipping i
tmgulsh the clasts from the matnx in both the hand specxmen
‘and thin ssect1on‘ The clasts ‘are porphyritic with plag1oclase

omlzed, set in a
re hrghly altered

| compact with a
colour with black
g "‘pyrite Micro-

seemmgly 1solated patches of chlorite’ are probably amygdales
where the glass has been broken and scattered. A fibrous zeolite
is present in some of the amygdales.



FiGure 17

Sheaves of pumpellyvite in an agelomerate. (K0 1216.1; X-nicols; = 47)
Plagioclase partially replaced by heulandite, (KG.1200.2; X-nicols; x 55)

. The sericitized margin left aller replacement of plagioclase by chlorite, quartz, sericite, epidote

and lencoxene, (KOG 120001 ; X-nicols; = 48)

. Plagicclase partially replaced by chlomte, {KG 120001 ; X-nicols: = 48)

Radiating zeolites replacing porphyritic voleanic tuff. (KG.1218.10; X-nicals; = 600
Potash feldspar replacing plagioclase in a reolitized volcanic cuff, (KG.1218.6; X-nicols: = 59)
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5. Zeolitized volcanic rocks

Specimens KG.1218.7 and 10 are both porphyritic rocks with
broken and deformed antiperthitic plagioclase (An,,) pheno-
crysts set in a quartz, feldspar, epidote and leucoxene ground-
mass. Most of the rock has been replaced by masses of radiat-
ing zeolite (Fig. 17¢). These are usually vein-like with cuspate
boundaries but irregular masses are also represented; all are cut
by veins of quartz or finely d1v1ded epidote. The zeolite has a
positive optical sign, and both length-fast and length-slow fibres
are represented suggesting that it may be thomsonite. The
zeolites in specimen KG.1218.7 are brown in colour.

A lithic crystal tuff (KG.1218.6) crops out above specimen
KG. 1218 7 and here the zeolites are less common, only occur-
ring as individual rad1at1ng crystals in the matrix. The lithic frag-
ments are altered fine-grained lavas with plagroclase microlites
and the porphyrltlc crystals are of quartz and feldspar The
latter vary in their proportlon of potash feldspar from perthite to
antiperthite. The albite twins in ' the andesine (approximately
An,,) have been obhterated by the potash feldspar (Fxg 17f),
indicating its secondary replacement origih.

A few chloritized bomb fragments and shards were
recogmzed and epldote and chlorlte are common in the ground-
mass and in the veins.

6. Lavas
a. Basalts. The two basalt specimens were collected from the
lava—tuff succession at station' KG.1212. The lowest in the
sequence (KG.1212.5) is a fine- grained porphyr1t1c basalt with
white plagroclase phenocrysts Microscopically, two genera-
tions ‘of plagroclase can be recognized and both have been
altered to sericite, ca101te and epidote. The large phenocrysts
(0.7-3 mm in length) have a compos1t10n of An,, and the
smaller microlites’ up to 0 4 mm in length have a composition of
about An50 There are a few twinned crystals of colourless clino-
pyroxene (large 4 whrch have been altered marginally and
along the cracks to. chlorite. Moreover, the aggregates of chlorite
crystals in'the rock probably represent the complete break-down
of clinopyroxene. Interstrtral quartz’ and iron ore (0.01-0.1 mm
in diameter) are the major, accessory minerals..
The numerous amygdales in the rock are filled with a com-
bination of elther hnite, quartz and chlorite, quartz and
calcrte, or ch10r1 eprdote Secondary calcite and epidote
| groundmass ,
the succession (KG.1212.9) is a basalt

srmrlar to. specrmen
(0.5-8 mm in length)‘ have a slightly more sodic .composition
(An54) but’ they are- severely altered to epidote, sericite and
calcite; the groundmass microlites are andesine-labradorite. The
colourless ‘pyroxene (y ¢ = 34°) is also altered to calcite and
chlorrte ’ : \ |

b. Andesites. One‘andc'site specimen was recovered as a block in
a breccia on the western side of station KG.1200. In the hand

specrmen it is grey-green, amygdaloidal and porphyritic, con-

ammg plagroclase phenocrysts up to 4 mm long; smaller pheno-
crysts of hornblende are also present. The twinned plagioclase
phenocrysts have a compos1t10n of about An,, and they have
been severely altered to calcite, epidote and albite. The epidote
forms patches: whrlef‘ the  calcite occupies . cleavage partings,
certain concentric. zones probably related to compositional
zoning, or it is vein-like; the albite forms in irregular veins. A

.1212.5. The phenocrysts of plagioclase’

green pleochroic hornblende forms a few phenocrysts up to 0.7
mm in length but it is very widespread as small groundmass
crystals associated with oligoclase laths and iron ore.

The amygdales contain elongated subhedral crystals of green
hornblende which are surrounded by calcite. Patches com-
prising small interlocking and radiating crystals of prehnite are
common and, although these patches are elongated, they
terminate abruptly and do not have a vein-like appearance.

Lying .on top of the lowest basalt at station KG.1212 and
separated from it by a weathered layer is an, altered lava. It is
porphyritic but it only contains a few scattered plagroclase
phenocrysts which have been almost completely altered, mainly
to calcite, but also to chlorite, eprdote and.a dark reddish brown
mineral, probably biotite. The matrix of p]ag;oclase microlites
and quartz contains much sericite, long flakes of muscovite and
patches of calcite.

c. Dacites. A small area of dacitic lava crops out in the Rhyolite
Islands (KG 1202). Specimen KG.1202.1 contains:phenocrysts
of plag1oclase (An;,) and quartz. The: former are elongated (2-3
mm in length), perrpherally corroded and sericitized, and they
frequenty occur jin glomeroporphyrrtrc clusters. Cracks in the
crystals are ﬁlled with chlorite and a few crystals ‘have been
almost COmpletely altered to chl‘ rite, small grams of epldote,
dark broWn pleochrorc biotite andI leucoxene. The: idi
quartz is cracked and the crystals have
1nd1catmg 1
(Spry, 1969) The groundmass is a mas
penetratin
formed by
forms ove
embayed
minerals.
The rare amygdales are ﬁlled w1th pale»
surrounded by a zone of small ac

rock up to 4 mm from th

srvely smaller and less numerousl
zone. |

A smnlar dacrte crops out below tuffs at station KG 1208 It
contains embayed quartz and plagioclase phenocrysts and a
devitrified groundmass, which contams a green pleochroic
fibrous amphibole as well as chlorite. These minerals also
replace feldspar and occur in clusters or form elongated masses
along cracks. -

Dacite ‘specimens KG.1201.6 and 1218 2 have -crystallized
directly from the magma, because the groundmass consists of
plagioclase microlites surrounded by quartz. Secondary over-
growths occur on the phenocrysts of quartz and plagioclase and
there ‘are phenocrysts of both andesine (An3l) and albite-oligo-
clase. The presence of more than one markedly. different var1ety
of plagroclase is a common feature of volcanic associations in
orogenic regions and it has been explamed by Turner and
Verhoogen (1960, p. 276) by a “thorough mixing of partially
crystallized magmas of common parentage, ‘but at different
stages of differentiation and possibly - modxﬁed to different
degrees by assimulative reaction with adjoining rocks.” Original
ferromagnesran minerals are represented by .elongated pseudo-
morphs comprising pale green pleochroic chlorite, pale yellow

_epidote, calcite and small patches of - leucoxene, and the
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amygdales are thought to be represented by patches of large
interlocking crystals of quartz with an undulating extinction.

The groundmass contains fibrous radiating zeolites and
veinlets of epidote.

d. Porphyritic riivolite. Specimen K(.1212 .4 is porphyritic with
phenocrysts and glomeroporphyritic aggregates of albite (Ang).
These have serrated edges due to corrosion and many of the
crystals exhibit bent and broken twin lamellae and slight
undulose extinction. The cryptocrystalline matrix is mainly
quartz with some feldspar and chlorite, and it contains many
amygdales and veins. The former are composed of radiating
epidote, chlorite, leucoxene and euhedral pyrite, while the latter
are of gquartz or epidote.

7. Sedimentary rocks

Associated with the voleanic rocks at two localities (E.3248.4
and K(i.1213.1) are poorly sorted sedimentary deposits com-
prising quartz clasts in a fine-grained matrix (Fig. 18); these
clasts are angular and many are polycrystalline. The matrix

i 4"

FiGurE 18
Quartz clasts in a sedimentary rock. (KG.1213.1; X-nicols; x33)

seems to consist mainly of sericite, chlorite, quartz, small
crystals of iron ore and streaks of haematite; larger crystals of
ilmenite are also present. Some of the clasts are of quartz and
finer-grained material, or fine-grained material alone, the latter
being indistinguishable from the matrix except for its lack of iron
ore. Clots of secondary brown biotite are common in the
groundmass and as pseudomorphs; epidote replaces some clasts
and veins of chlorite transect the rock.

These rocks are very different from the plagioclase-rich
volcanic rocks with which they are associated and their origin is
problematical; it is difficult to explain the extremely angular
fragments, the high proportion of matrix to clasts and the lack of
feldspar. It is probable that these rocks formed from the
weathering products of pre-volcanic igneous or metamorphic
rocks and that the conditions during their formation were con-
ducive to the complete break-down of feldspar, this being
represented by the iron ore-free patches mentioned above.

. ALTERATION

MNumerous secondary minerals have been formed by one |
more of the following processes: hydrothermal alteration, lo
grade regional (burial) metamorphism or contact met
morphism. The following mineral assemblages were recogniz
in the area around Mount Edgell:

Pumpellyite, epidote, albite, amphibole, biotite.

Prehnite, epidote, albite, ecalcite, chlorite,
sphene, amphibole.

Heulandite, epidote, albite, calcite, chlorite.

Fibrous zeolites, epidote, chlorite, caleite.

zeolil

Similar assemblages of minerals have been grouped into met
morphic facies and sub-facies in other parts of the world, t]
zeolites being included under the broad term “zeolites facie
(Coombs, 1971). prehnite—pumpellyite assemblages beir
assigned to the prehnite—pumpellvite metagreywacke faci
(Coombs, 1960} Although Seki (1966) subdivided zeol
assemblages into four facies characterized by mordenite-quart
heulandite—quartz, laumontite—quartz and wairakite—quart
Coombs’ broader definition, which included all miner
assemblages characterized in rocks of appropriate compositic
by zeolites other than the analcime of silica-deficient enviro
ments, is more suitable as the composition of the zeolites in th
area is not accurately known; this classification is independe
of the mode of formation of the zeolites, as hydrotherm:
diagenetic or metamorphic.

The prehnite—pumpellyite metagreywacke facies was su
divided into two sub-facies (Coombs, 1960)%: a lower-grad
quartz—prehnite zone in which a combination of the following
found: quartz, albite, prehnite, pumpellyite, chlorite, calcit
sphene, orthoclase and muscovite; and a higher-grade zone wi
some combination of quartz, albite, chlorite, sphene, actinolii
muscovite, calcite, stilpnomelane, pumpellyite and epidot
Hashimoto (1966) restricted the term prehnite—pumpellyi
facies to the lower-grade sub-facies of Coombs and, with the di
appearance of prehnite, the rocks pass into the pur
pellyite—actinolite facies.

In keeping with other areas of the world (Coombs, 1971}, tl
zone of fibrous zeolites to the west of Mount Edgell and in ]
Rhyolite Islands and the adjacent mainland passes eastward ar
north-eastward into a zone where the volcanic rocks conta
mainly prehnite or pumpellyite; zeolites do, however, co-exi
with prehnite in some specimens. Although heulandite occurs
one specimen, laumontite has not been identified in these rock
It is possible that the composition of these rocks may ha
inhibited its formation because of the reaction

laumontite+chlorite = pumpellyite+clay mineral+H,0

taking place before it became stable (Coombs, 1971).

Prehnite does not occur with pumpellyite in any of the rocl
examined from northern Palmer Land. However, the pun
pellyite is the strongly pleochroic variety, which Bishop (197
supgested is typical of the prehnite—pumpellyite facies and low
grade of the pumpellyite—actinolite facies in a metagreywacl
terrain. The association of zeolites with prehnite in son
exposures also suggests that the prehnite—pumpellyite facies
represented. Although amphibole exists with the pumpellyite, i
close association with biotite which replaces the pumpellvite ar
its occurrence in rocks containing prehnite suggests that
formed due to later contact metamorphism.
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Zen (1961) has proved that the characteristic minerals of the
low-grade metamorphic facies can be formed isothermally and
isobarically - by changmg the ' chemical potential ‘of carbon
dioxide and water, but in many areas of the world the facies
occur in zones with a continuous passage from the zeolite facies
through the prehnite—pumpellyite facies into the greenschist
facies, and it is likely that all the variables of pressure, tempera-
ture and chemical potentials of carbon dioxide and water play
an 1mportant part (Coombs and others, 1970); the composition
and lithology of the rocks being altered are also significant
factors

Previously, many of the low-grade metamorphlc mmeral
assemblages have been related mainly to the depth of burial at

temperature—pressuré values appropriate to the regional geo-

thermal gradient. However, the great variation in the estimated
depth of formation of these mineral assemblages in different
parts of theiworld clearly shows that burial is not the only deter-
mining factor (Packham and Crook, 1960 Zen, 1974)

Experlmental work iassociated  with - geologlcal knowledge
offers some 'indication of the conditions of formation of the
characteristic minerals’ of the various facies. With. regard to the
zeohtes, Coombs and others (1959) suggested that, in quartz-
free systems zeolites are not stable above 320°C although they
have been synthesrzed at temperatures as high as 450°C. Liou
(1971) examlned the réaction

5 prehn1te+2 zorslte - 2 grossular+3 quartz+4H,0

and took it as formrng the upper end of the prehmte—pumpellylte
association. This reaction takes place at 403°C at 3 kbar and
393°C at 5 kbar where PH 0 = Piotal. However, in normal
environments where Py ¢ is fess than Piotai and where more
complicated reactions: take place, the temperature would be
lower and around 280-380°C at 3 kbar for the
prehnite—pumpellyrte facles Such reactions may be

prehmte+ chlorlte+H O - pumpellyite +act1nohte+quartz

which represents the upper limit of the prehmte—pumpellyrte
faciesand ‘

pumpellyite+chlorite+quartz - epidote+actinolite+H,O,

the upper limit of the pumpellyite-—actinolite facies, both having
been studied by Nltsch (1971). The former is stable at 2 kbar to
345°+20°C and at 7 kbar to 260°+20°C, while the. latter has
valuesat 7 kbar 0f 260°+20°C t0.370°+20°C and only occurs
at pressures greater than 2.5 kbar. These results grve shghtly
lower values than those of Liou.

Bishop (1972) has summarized the experimental results of
Liou',(197 1), Coombs (1971) and Nitsch (1971) in a P-T facies
diagram shown in Fig. 19 and the approximate posrtrons of the
rocks of northern Palmer Land are indicated.

‘Th‘ef,nukn rous igneous intrusions in the Mount Edgell area
must have“apprecrably altered the surrounding volcamc rocks,
although the products of the contact metamorphism are not
easily distinguishable from those of the low—grade regronal meta-
morphism described above or hydrothermal alterat1on.; Minerals
such as albite, epidote, chlorite, sphene and amphrbole could
have been produced by any of these processes but, where the
biotite crystals and hornblende are associated, contact meta-

~ morphism of at least albite-epidote-hornfels facies and possibly
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FIGURE 19
P-T facies diagram for low ., environments, after Bishop (1972, fig: 10).

The solid line defines the approximate position of the Upper Jurassic volcanic
rocks of northern Palmer Land.

up to hornblende-hornfels facies (Turner and Verhoogen, 1960)
was effective. r

D. GEOCHEMISTRY

Four lava specimens have been analysed, three from station

KG.1212, to the west of Mount Edgell, and one from the
Rhyolite Islands. When plotted on an AFM diagram, these
rocks fall in the field of calc-alkaline rocks (Irvine and Baragar,
1971) and iherr high alumina content confirms this classifica-
tion.

The analyses of these lavas, mcludmg various oxrde and
element ratios (Table VI) have been compared with those ‘of
Jakes and White (1972 table 3) and, while it is clear that the
basalts resemble island-arc rocks, the acid lavas have
ambrguous charactenstxcs [The normative constituents of these
acid rocks have been ‘plotted on a quartz—orthoclase—albrte
ternary diagra l'g 38) . and when compared with the experi-
ental results Tuttle and Bowen (1958), they plot well into

he quartz

en ce was
.” ens tO gSl]p r\;, an
S0 account for these

rocks plottlng in the quartz ﬁeld
The chernistry of these lavas:will be discussed  again in
_ relation to the hypabyssal rocks on p. 38—41.




CHEMICAL ANALYSES OF LAVAS FROM THE UPPER JURASSIC VOLCANIC GROUP

TABLE VI

1 2 3 4
Sio, 52.26 52.50 73.68 74.19
TiO, 0.88 0.90 0.12 0.09
AL O, 17.07 17.24 16.40 14.35
Fe;04 4.08 4.59 0.90 1.07
FeO 4.27 3.n 0.18 1.06
MnO 0.13 0.14 0.08 0.06
MgO 4.91 4.94 0.37 0.24
CaO 7.38 7.04 1.63 0.49
Na,O 3.08 3.15 3.21 3.78
K.0 1.24 1.44 2.56 3.53
P,0O; 0.29 0.28 0.06 =
H,0+ 1.84 1.55 0.67 0.26
H.,0— 0.22 0.32 0.28 0.26
ToTAL 97.65 97.80 100.14 99.38
ELEMENT PERCENTAGES LESS TOTAL WATER
Sis+ 25.56 25.59 34.73 35.08
Tit+ 0 55 0.56 0.07 0.05
AP+ 9.45 9.51 8.75 7.68
Fe+ 2.99 3.35 0.63 0.76
Fet+ 3.47 3.01 0.14 0.83
Mn?+ 0.11 0.11 0.06 0.05
Mg+ 3.10 3.1 0.23 0.15
Ca?t 5.52 5.24 1.17 0.35
Na+ 2.39 2.4 2.40 2.84
K+ 1.08 1.25 2.14 2.96
ps+ 0.13 0.13 0.04 -
o*- 45.66 45.72 49.64 49.24
C.I.P.W. NORMS
7.24 7.35 41.55 37.07
- - 5.49 3.36
0.04 0.04 0.02 0.04
or 7.66 8.86 15.24 21.12
ab 27.23 27.75 27.36 32.32
an 30.39 29.83 7.98 2.70
di 5.00 3.97 - - ]
hy 13.79 12.80 0.93 1.64
mt 6.18 6.93 0.50 1.57
il 1.75 1.78 0.23 0.17
hm - - 0.56 -
ap 0.72 0.69 0.14 -
Position (4 Si + K)}«Ca + Mg) +0.92 +1.35 +12.20 +13.98
TRACE ELEMENTS
Cr 13 10 - 1 ‘
Ni 22 17 3 2
Ga 2 28 16 21
Rb 26 33 58 111
Sr 799 780 201 160
Y 23 11 7 26
Zr 167 171 90 180
Nb 12 7 8 14
Ba 585 627 747 906
La 56 26 24 37
Ce 44 50 40 63
Pb 39 16 14 68
Th 28 6 4 13
ELEMENT RATIOS
K/Rb 415 379 369 267
Ba/Rb 22.5 19.0 12.9 8.2
COORDINATES OF TRIANGULAR DIAGRAMS
Fe 49.6 48.3 14.0 21.1
Alk 26.6 28.0 82.0 77.0
Mg 23.8 23.6 4.1 1.9
Qt * * 47.4 39.5
Ab * * 17.4 22.0
Or * * 35.2 38.5
* Not determined.
t Calculated from mesonorms.
1. KG.1212.5 West of Mount Edgell.
2. KG.1212.9 West of Mount Edgell.
3. KG.1212.7 West of Mount Edgell.
4. KG.1202.1 Rhyolite Islands. [face page 23
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VII. MOUNT CHARITY SEDIMENTARY AND VOLCANIC ROCKS

Tue discovery of relatively undeformed sedimentary and
volcanic rocks overlying the plutonic rocks of Mount Charity is
a significant addition to the stratigraphy of Palmer Land. These
rocks occur on the northern and eastern ridges of Mount
Charity at an altitude of 2 100-2 700 m and are tentatively
estimated, from a consideration of their attitude and areal
extent, to be about 650 m thick.

A, FiIELD RELATIONS
Table VII shows the stratigraphical successions of the sedi-
mentary rocks on the eastern and northern ridges of Mount
Charity. On the eastern ridge of Mount Charity the adamellite

TasLe VI

STRATIGRAPHICAL SUCCESSIONS IMN THE SEDIMENTARY
AND VOLCANIC ROCKS ON MOUNT CHARITY

Fastern riclve

Marthern videe

Well-bedded volcanic rocks

Conglomerate
Conglomerate

Coarse red sandstones 1.3 m | Coarse green sandstones 3 m

Conglomerate

Conglamerate

I Fed sandstone 1 m
1
Yellow sandstone Sm I
Haematitized sandstone im

Weathered basic intrusion

Adamellite Adamellite

(E.3618.3) forming most of the mountain gives way down the
ridge to patchy exposures of a coarse conglomerate, the contact
being snow-covered. Farther down the ridge the conglomerate
passes into a sequence of sandstones (Fig. 20) (E.3619.1). These
are coarse-grained, green in colour and are generally poorly con-
solidated. Individual layers vary from coarse sandstone to
pebble-conglomerate size (Pettijohn, 1957, p. 19) and are
extremely irregular in attitude, but they tend to dip at 35—50° to
the north. A few vertical joints striking at 164% true were the
only deformation observed in the conglomerate.

On the north ridge (E.3623), the relationship between the sedi-
mentary rocks and the adamellite is obscured by deep weather-
ing, partial snow cover and the presence of a weathered basic
dyke near the contact. Proceeding southward up the ridge, the
fresh adamellite passes up into a weathered zone containing a
basic dyke, beyond which is the base of the sedimentary
sequence, a red haematitized sandstone. At the southern end of
station E.3623 the conglomerate contains a sequence of coarse
red sandstones similar in lithology to those at station E.3618.
The layers of coarser material in the sandstones dip at 15° in a
direction 185° true. About 60 cm above the sandstone sequence
there is a tabular body of microdiorite under 1 m thick; this
scems o be a dyke dipping at 15% in a direction 110® true.
Although the few metres of rock above the dyke are con-
glomerate, an exposure higher up the ridge consists of well-
bedded rocks which dip at 10° to the south-south-east; these
have been mapped by K. 1. Holmes as a sequence of tuffs and
lavas lying conformably on the conglomerates.

B. PETROGRAPHY

1. Polymict conglomerates

The polymict conglomerates are unstratified, poorly sorted
and they contain large clasts 70 cm or more in diameter (Fig.
21). The largest clasts are of adamellite and these are more
angular than the smaller ones, many of which are fine-grained,
sometimes porphyritic, green or greenish black basic volcanic
rocks.

i

Froure 20
Coarse sandstong on the eastern ridge of Mount Charity {the
hammer shaft is 59 cm long).

Fioure 21
A poorly sorted polvmicl conglomerate on the eastern ridge of
Mount Charity (the hammer shaft is graduated in inches).
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2. Sandstones

The sandstones at the base of the sedimentary succession at
station E.3623 are very weathered and seem to represent the
break-down of the adamellite wvirtually in situ. Specimen
E.3623.6, from the lowest part of the succession, is heavily
veined by haematite which occurs in patches and veinlets, and
forms a coating around the clasts of plagioclase, quartz and
rock fragments.

The coarse-grained green and red sandstones at stations
E.3619 and 3623 (Figs 22 and 23) can be classified on the basis

Figure 22
Coarse preen sandstones with fine conglomerate bands on the
castern ridge of Mount Charity (the hammer shafl is 59 cm long).

TanrLe VI

MODAL ANALYSES OF TWO SANDSTONES FROM
THE MOLUNT CHARITY SEDIMENTARY SEQUENCE

E.3619.2 E.3623.2

e IR e e e e
Foldspar A5.3 3.8
Fock lragmenis 15.0 G9
Mlica 0.5 151
Cement 7.3 22.0

| Matrix 0.6 1

| Haematite 0.4 1.3
Hmenite .3 ~
Chlorite, sphene, leucoxene, rzircon 0.8 0,3
)} = Quartz = 440 43,1

| F Feldspar 39.1 43,3
o] Rock fragments- mica 16.9 4.4

E3619.2 Sandstone. {Arkose; Pettijohn and others (19720
E3623.2 Sandstone. (Arkose; Pettijohn and others (1972).)

of their modal analyses (Table VIII) as arkoses (Pettijohn and
others, 1972, p. 158) and the main constituents are similar in
both cases. There is over 30% of feldspar of four types: twinned
plagioclase (An,,), albite-oligoclase, microperthite and micro-
cline with cross-hatch twinning. The quarte grains (up to 0.7
mm long) in both of the specimens are sub-rounded to sub-
angular and have an undulose extinction. Some of the clasts in
specimen E.3623.2 are formed of two or more large crystals of
quartz which have been derived from a vein or pegmatite.

The rock fragments are composed of a mosaic of quartz with
flakes of sericite and they probably originated from the meta-
volcanic and metasedimentary sequence. Some of the clasts
have a marked preferred orientation of the mica and seem to be
slates.

The plates of brown biotite (0.2—0.35 mm in length) have been
almost completely replaced by pale green chlorite, calcite and
haematite, the latter either coating the grains or being aligned
along the cleavages, and they have been deformed between the
other grains during diagenesis,

Muscovite, zircon and leucoxene are the main accessory
minerals.

Whilst calcite is an important cement in both of the
specimens, the distinctive red colour of specimen E.3623.2 is
due to haematite which coats the grains and forms anhedral
masses. Chlorite and sericite are also cementing media especi-
ally in specimen E.3619.1, in which the haematite and calcite are

Fioure 23

Coarse red sandstones in the conglomerates on the northern ridge of
Mount Charity (the hammer shalt is 59 cm long).
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TasLE [ X
MODAL ANALYSES OF ROCKS FROM THE ANDEAN INTRUSIVE SUITE

[ 2 3 4 5 & 7 8 g |

Duarts 0,35 11.35 9.25 19.1 17 .4 28.5 34,2 35.4 ‘-*9
Potash feldspar [ 4.75 6.2 1.5 [ f,9 15.6 23.0

| Plaginclase po o3 65 95 A6 5 50 7 478 4% 6 44 7 243 Gl

| Clinopyroxene tr i =
Hyvpersthene Q.5
Haornblende 127 % R 7.9 0.8 2.3
Tremolite-actinolite 11.0%5
Bictite 3.5 .05 5.5 8.1 2.5 0.6 23 4.4
M uscovite (]

|
Chlorite 1.4 32 6.25 2.9 2.8 2.9 6.9 L Fd |
[ron ore 4._[] 2.1 0.8 0.1 T2 1.5 0.6 0.3 0.2
Sphene i ir tr Ir ir I 7
Apatite 0.Aa5 0.25 0.2 =
Epidote 0.05 0.75 0.0l 1.8 0.9 0.4 2.1 tr 0.4
Plagiocigse 4'l'-':"‘|'l|'Jl:-"-'-'.|"|'.-'-'."r ! Angg Allgp sy Ang: 39 Alap_ga . .-"ml‘l_‘,...;,_.- ) b AN e nn Al e -'".‘ Mgz |

tr Trace,

* Indeterminate.
[ KG.1207.4  MNorite. 4. E3620.3 Granodiorite, 7. KG.1201.3  Hybrid granodiorite,
L KGI200.1  Tonalite 3. KGI20006  Granodiorite, g KG.1207.2  Adamellite, _ ]
3. KGUI206,7  Tonalite. 6. KGI221.0  Granoliorite. 9, KG. 12012 Adamellite dyke intruding

tonalite 1o give the hybrid
granodiorite (G 1201.3).

Fioure 24
a. Patchy zoning in plagioclase, (E.3293.1; X-nicols; = 66)
. Hypersthene in a norite. (KB 1207.4; X-nicols; = 60)
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less abundant. Most of the sericite is probably derived from the
break-down of the feldspar but some of it may be authigenic,
having been formed by the reaction of potassium-bearing waters
(generally sea-water) on montmorillonite and to a lesser extent
kaolinite (Pettijohn, 1957, p. 667). Snmlarly, the chlorite may
have been formed from kaolinite and perhaps montmorillonite
by the addition of magnesium.

3. Volcanic rocks

The base of the volcanic sequence is a very altered grey por-
phyritic tuff or lava containing phenocrysts of plagioclase,
almost completely replaced by calcite, and elongated pseudo-
morphs of chlorite with subsidiary calcite (up to 1.5 mm in
length) which probably replaced pyroxene. Ilmenite crystals,
partrally altered to leucoxene and amygdales containing. radiat-
ing quartz crystals are also a feature of this rock. The ground-
mass ‘comprises plag1oclase mrcrohtes with ‘much chlorite,
calcite and leucoxene '

Two other specimens were collected from the volcanic succes-
sion, one about 40-60 m above the conglomerates (E. 2217.36)
and the other towards the top of the sequence (E.2217.35).
Specimen E.2217.36 is a green tuff containing purple lava frag-
ments. In thin sectlon it consists of plagioclase phenocrysts in an
altered groundmass of chlormzed or devitrified pumlceous frag~
ments, shards, calcite, chlorlte and ilmenite, which is patchlly
altered to leucoxene The ‘twinned feldspar laths are up to 4 mm
long ‘and are mostly >trongly zoned with cores about Angy; oscil-
latory zoning is commonest but normally zoned and unzoned
varieties are also represented The plagloclase has been altered
to one or more of the followmg minerals: veins of albite, calcite,
sericite, chlorlte, ilmenite and quartz. Elongated pseudomorphs
of chlorite, calci ‘11men1te are present and these have
probably replac

Specimen
the hanﬁ‘f spec
numerous - p
devrtrxﬁed whil
specimen E. 22
phenocrysts and
also has vesrcle_s )
rounded by calcite,

ents and shards, some bemg
are chloritized. Th1s rock is similar to
in its major constltuents of ‘plagioclase

rphs of Cthl‘ltC and calcrte, but it
1 ;}led with pale ‘green chlorlte sur-

-~ C. DISCUS SION

As feldspars decompose faxrly readrly, arkoses are believed to be
the product of either hlgh‘ "ehef and rapld erosion or a rigorous
climate Where decorr posi is inhibited (Pettuohn and others,
1972, p. 186) ‘However, t re are dlﬁ"ermg opinions as to which
of these two- fact more 1mportant Work on modern
arkoses in Mexico (Krynine, 1935) and id the Rlver Amazon
(Gibbs, 1967) ShOWS that h gh ‘relief w1th rapld eros1on is the
major factor in their formation, whereas Strakhov (1969) con-
sidered that the clim nt is more important.
The age of the M rity sedlmentary rocks is uncertain
i S prevallmg at the tlme of their
ed ‘but, 1f these rocks are: Lower
‘that a rlgorous chmate existed
(1964, p 155) stated that the
e n Land was cool enough in 'the late
Ohgocene to Lower Mlocene to support penguins, and that the
marine molluscan fauna in sedimentary rocks of this age
indicates cold marme conditions and the flora indicates a cool-

temperate climate. Moreover, evidence of subglacial volcanism
in Marie Byrd Land suggests that there has been an ice sheet in

-western Antarctica since the Eocene (LeMasurler, 1971).

However, it is evident from the close association between the
arkoses of Mount Charity and the coarse, poorly sorted
polymict conglomerate containing a high proportion of adamel-
lite boulders and: pebbles that this area has suffered a major
uplift and rapid erosion (Pettijohn, 1957, p. 257) which' is

probably the major factor in the formation of these arkoses.:
The lack of a radiometric age for the underlying adamelhte or
any fossil evidence within the sedimentary rocks makes it
difficult to estimate their age and their palaeogeographlcal
setting, When these sed1mentary rocks weregﬁrst mapped ir
unconfOrmable _position on an’ intrusion w
belong to the Andean »

sxve Suxte (Adxe

Palmer L g
and hlghly cleaved and thelr posmon in the stratngraphrcal 'suc-
cession, with volcanic rocks below and above, is thought to be
due to thrusting; however, thrusting has only modified an
unconformity below the arkoses. The volcanic rocks are thought
to be Carboniferous in age and the arkoses have been assigned
to the Jurassic.

On Adelaide Island, Dewar (1970) found faulted con-
glomerates with clasts of diorite, tonalite and granodiorite from
the “ancient plutonic rocks of the Antarctic Peninsula” and also
some metamorphic rocks. These conglomerates are thought to
have been faulted down from the well-stratified Mount Bouvier
summit succession, where quench-brecciated eruptive rocks pass

'up through tuffites into conglomerates with volcanic detrltus and

plutonic clasts. Dewar concluded that the sedlmentary rocks
within the volcanic sequence on Adelaide Island were coastal
sediments and this has been verified by the discovery of marine
bivalves and ammonites in tuffs of the Mount Bouvier massif
(Thomson, 1972); these are thought to be Upper Jurassic i in age.

Bell (1973) has described Cenozoic volcanic rocks uncon-
formably overlying crushed and sheared arkosic sediment; on
Beethoven Peninsula, south-western Alexander Island. Similar
arkosic sediments exposed in central Alexander Island had been
tentatively correlated with the (?) Carboniferous Trinity
Peninsula Series' of north-east Graham Land (GI’IkllI‘OV and
others, 1966). The Cenozoic volcanic rocks are relatively uncon-
solidated and include coarsely bedded vitrophyric olivine-tuffs
and palagonite-tuffs associated with olivine-basalt lava flows and
dykes.

In south-eastern Alexander Island there is a Cretaceous
sequence of current-bedded and channelled sandstones (arkoses)
with minor silt and clay interbeds and locally developed thick
polymict pebble-conglomerates (Horne, 1968). These are
thought, to be deltaic sediments derived from a geanticlinal area
in the present position of Palmer Land. Both Bell (1974a) and
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Horne (1968) have presented evidence of intermittent andesitic
and dacitic volcanic activity within or adjacent to the sedi-
mentary basin, and this continued from Upper Oxfordlan—Klm—
meridgian to Alblan, according to Bell (1974a)

Although there is a distinct similarity: in colour between the
Mount Charity arkoses and those in north-eastern Palmer Land,
those of the latter area are highly deformed and cleaved. This
difference in deformation, if the two units were coeval, could be
explained by the fact that the Mount Charity rocks rest on a
relatively r1g1d plutonic basement. However, this lack of
deformation in the. Mount Charity rocks favours a comparison
with the polymict conglomerates and arkoses of south-eastern
Alexander Island, and this is endorsed by a comparison of the
volcanic rocks. The tuffs on Mount Charity are much more akin
to the andesitic Upper Jurassic volcanic tuffs of western Palmer
Land than to the Cenozoic olivine-basalts and tuffs of south-

western Alexander Island, and this “Upper Jurassic” period of
volcanicity has been proved to extend up into the Albian in
south-eastern Alexander Island.

The correlation made above strongly suggests that the Mount
Charity sequence. is Upper Jurassic to Lower Cretaceous in age.
The palaeogeographical - reconstruction s, however, more
difficult. It is clear that the arkoses were deposited in an aqueous
environment and that the upper tuffs are subaerial. This

_ sequence may have been at the margin of either the marine basin

or basins associated with the rocks of south-eastern Alexander
Island, Carse Point on the eastern side of George VI Sound
(Thomson, 1975a) and Adelaide Island, or it may have been
associated with a more restricted marine basin represented by
faulted mudstones with subsidiary arkoses found at Crabeater
Point, north-eastern Palmer Land, and which contain marine
fossils of a probable Cretaceous age (Thomson, 1967).

VIII. ANDEAN INTRUSIVE SUITE

PLUTONIC rocks have a widespread distribution over this area.
Acid, basic and intermediate types are represented and some of
them are thought to be hybrids. At a few stations (E.3244, 3246
and KG.1220) these rocks are seen to intrude the Upper
Jurassic volcanic rocks and at other exposures where the
contacts between the two groups are not visible, the plutonic
rocks contain xenoliths of volcanic rocks. These rocks are there-
fore broadly comparable with other intrusives in the Antarctic
Peninsula which have been referred to as the Andean Intrusive
Suite (Adie, 1955; Goldring, 1962; Hooper, 1962; Curtis,
1966). However, there are many plutonic rocks in northern
Palmer Land which are not in contact with any other rock
groups and, although their ages are' unknown, they are included
with these Andean plutomc rocks.

Radiometric methods have isolated six intrusive episodes in
the Antarctic Peninsula (Adie, 1971a) and four of these are
post«Upper ‘Jurassx ; ge In view of the number of intrusive

;‘p.; 16 Goldrmg, 1962, p. 26;

fication of these rocks.

ND PETRO‘GkAPHY

onic rocks are rare in this part of
rops out at station KG.1207,

on the south western side of Mo t Edgell, and two exposures of
gabbro have been mapped to the east of the Eternity Range. An
area of gabbro was found on the north-trending ridge of Mount

are the main accessc ry mmerals

plntomc rocks are ,E 3269.1 with deformati
‘recrys

ens are g1ven in Table IX to ,pomt | ntersections. | Replacement of ol‘eurless clinopyroxene

Sullivan (KG.3293), where it seems to be intruding gneisses of
the metamorphic complex, and farther east at station KG.3269,
where a nunatak of gabbro is surrounded by exposures of meta-
sedimentary and metavolcanic rocks. - '

b. Petrography. At station E.3293 the gabbro is a black rock
composed mainly of hornblende and plagioclase. The horn-
blende is pleochroic from yellow—pale brown to dark greenish
brown and it forms large euhedral poikilitic crystals containing
inclusions of plagioclase and iron ore; patches of colourless
clinopyroxene in the hornblende indicate that the latter formed
by replacement of the former. Many of the plagioclase crystals
exhibit oscillatory and normal zoning from approximately Ang,
to An, but some crystals have deformation twins and a form of
patchy zoning (Fig. 24a); this patchy zoning is common in
many of the plutonic rocks of northern Palmer Land. It does not
exhibit the sharp composmonal differences and the poikilitic

,mclusxons in the. sodlc patches whlch Vance (1965) described.
~~ The mottled _probat

‘be attributed to an
to. deformation or a
ce of deformation is

hornogemzat on of ithe |
lowermg of temper sature i

- 1ndxcated by the ‘presence of klpked b1 tite. flakes. Iron ore is a

common constituent of the groundmas‘s‘ and sphene and quartz
A g reater degree of efo ?tmn is ‘ish?own in specimen
vit winning and patchy zoning being
more prominent in the plagioclase (An54) and patches of

allizec granoblash grains of plaglo clase exhibiting triple-

(y‘ c= 38°) by greenlsh IOV :vn hornblende is at a less advanced
stage’ than in specimen E.32 Br iof

the rock it forms mclu<i0ns in horn ende and clinopyroxeéne
and has a penetratwe and corrosive relatmonshlp to plagioclase.

‘ bl

2. Norite
a. Field relations. Norite crops out extensively at station
KG.1207, a prominent south-westerly trending ridge of Mount
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Edgell. At its western end, the norite is intruded by a steeply
dipping body of adamelhte which contarns xenoliths of
granodronte :

"b. Petrography. This rock is coarse-grained, dark grey in colour
and weathers to brown. Almost 70% of the rock is plagioclase
(Anyy), dusty in appearance due to incipient alteration, and
exhibiting albite, Carlsbad and pericline twinning. It occurs in
laths  up to 2. 5 mm in length and more than one generatron is
represented because almost completely resorbed fragments of
slightly ‘more basrc plagioclase occur in some of the laths.
Patchy zoning, the occurrence of secondary blebs and veinlets
of quartz and potash feldspar are also characterrstlc of the
plagioclase. Interstrtral to the plagioclase is hypersthene (large
2Va), which is. weakly pleochrorc from neutral to “pale pink;
these equant or elongated crystals are shghtly rounded (Fig.
24b).: Alteration of the ‘hypersthene. takes two forms, erther to a
fine micaceous yellow aggregate which forms. along cracks and
completely pseudomorphs the mineral in places, or to pleochrorc
pale . green, fibrous - tremollte actrnohte (moderate 2Va;
yic = 19°). Assocrated wrth the latter are patches of iron ore
and deep red—brown brotrte, hrch has been partrally replaced by
chlorite. A few small remnants  of chnopyroxene can be
drstrngurshed amongst the se jndary amphrbole

- Associated with the trer nolrte actinolite and the, brotrte are
small colourless, equant or elongated rounded crystals with
first- order grey. interference’ colours and a. braxrally positive
1nterference figure. In all its characters, except for the inter-

ference ﬁgure, it resembles apatrte and in rnany thm sections

where the crystals are too small to obtain an mterference ﬁgure :

it is 1ndrstrngurshable from the latter. As this ' mrneral and/or
apatite are common accessory. mrnerals in the| plutomc rocks of
the Antarctic Pemnsula, they need to be extracted: and a detarled
study made to provrde a posrtrve 1dent1ﬁcatron ,

3. Diorite

a. Field relations. Dronte has only been recorded from station
E.4238, a small nunatak north-east of Crescent Scarp, The grey
porphyritic drorrte is cut by numerous red felsrte dykes, each less
than 1 mtlnck L t |

238 1 of the drorrte contarns large

b. Petrography pe ' 5;‘
d

‘or a small exposure on the northern

side of M ”‘(F f‘799), tonalrtes are conﬁned to the
nunataks a it Edgell (E 3241 KG.1201, 1206, 1219
and 1222) count | ’for ani apprecrable volume of the .

exposed ph atrons E.3241, KG. 1201 ‘and 1222
the bosses ar ykes, and at the former‘ the tonalite
contains small xeno iths of a volcanic tuff. At station KG.1206
the well-jointed tonalite, contarmng xenolrths (2.5-7.5 cm in

_length) of a :fine-grained dioritic rock ‘and  exhibiting weak

:descrrbed
lite (KG l201 2) Blocks of the tonalite have been wedged loose
;}by the edamelhte and part1a1 assrmrlatron has caused con-

igneous layering, seems to intrude steeply drpprng volcanic rocks
at its western end. Small fine- -grained xenoliths of a more basrc
tonalite were recorded at station KG.1219. :

b. Petrography All the tonalites are coarse—gramed massive
‘rocks, relatively. homogeneous in appearance and consist largely
of hornblende and biotite set in a white or grey groundmass of
plagroclase Staining of these rocks by malachite and brown iron
oxide is common and shear planes contammg green epidote are
‘often abundant.

~ Although all the tonalites have similarities, they can be sub-
divided into two groups based on their mafic ‘minerals.
Specimens E. 3299 1, KG.1201.1. and 1219.4 have large sub-
‘hedral, often twinned, porkrlmc crystals of hornblende with a
pleochrorsm scheme o = pale’ yellow-brown, B =green and
y = dark green, which contain small embayed inclusions of
plagioclase and _clinopyroxene. The plagioclase laths are
normally zoned from approximately Any, to An,,, have been
‘altered to sericite and saussurite, and have been deformed in
éplaces to give deformation twrnnmg and patchy zoning. Sub-
thedral or anhedral crystals of iron ore and ragged flakes of
biotite, which ‘have been replaced by chlorite, and flattened
lenses of eprdote—chnozorsrte are common. In specimen E.3299.1
the biotite flakes are particularly large, less altered and they have
‘squeezed between crystals of plagioclase and quartz, suggesting
‘that they formed at a late stage or were partially re-mobilized;
inclusions of biotite within biotite indicate that two generations
are present. Minor quartz and potash feldspar are interstitial.

In the second group of tonalites (E.3241.1, 3, KG.1206.7 and
11222.2) the mafic minerals are very altered. Original clino-
‘pyroxene (moderate 2Vy and a:c= 41°) is more abundant in
ithese rocks but it has been extensrvely altered to one or more of
‘the followmg ~minerals: dark green hornblende, tremolite-
actrnolrte, uralite, iron ore, biotite or chlorite. The result is that
‘the mafic mmerals are very ragged and they often occur in clots

als. The other constituents of these tonalrtes, ie.

ipl potash feldspar, quartz and the accessories

haematrte, sphene, epidote and apatite, are similar in both
.groups. . .

S ‘ecm.en E 3241 3 has apprecrably more potash feldspar

n the other tonalites and this string micro- -perthite forms

lic ntergrowths with quartz and corrodes ‘previously

s.‘,‘Three types of granodrorrte have been dis-
' , porphyntrc and

' 278 2), on the
1) and jat station
ast two areas the

‘ undeformed

olc‘a'nic 5 i‘rocks at

" 'Jrrtesr ] d‘rocks Fig. 25
| ip at station KG. 1201 ‘where the tonalite
prevrously (KG.1201.1) is mtruded by a pink adamel-
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FIGURE 25
Tonalite intruded by adamellite at station KG. 1201,

tamination of the engulfing material; the contaminated material
is grey in colour but the adamellite is pink. Although this is a
small-scale example, a similar process has taken place at
stations KG.1205 and 1210 which are much bigger nunataks
and here xenoliths, which have been assimilated to different
degrees, float in a grey heterogenecous, often lavered, mass of
granodiorite.

b. Petrography. All the homogeneous pgranodiorites are so
coarse-grained that their major constituents—white plagio-
clase, pink potash feldspar, quartz, hornblende and biotite—can
be distinguished with the naked eye. Microscopically, the high
proportion of plagioclase (47-39%) is characteristic of all the
specimens.

In specimen E.3260.3 the plagioclase is normally zoned from
An,, to An,, but oscillatory zoning is present in some crystals.
Alteration of the plagioclase varies from the incipient formation

of clay minerals and sericite to almost complete replacement by
sericite. Xenomorphic quartz and microperthite are largely
interstitial but there are some large crystals of the latter which
poikilitically  enclose  small  plagioclase crystals. Quartz
occasionally forms large polyerystalline masses, the crystals
having sutured boundaries and an undulose extinction. Rim
myrmekite has developed in two adjacent crystals of plagio-
clase. It is located between the oscillatorily zoned plagioclase
crystals and microperthite and, while the plagioclase com-
ponent of the myrmekite is in optical continuity with the former,
its boundary with the microperthite is very ragged. Phillips
(1974}, in his review of the literature on myrmekite, suggested
that a formation by exsolution has the most appeal. The large
brown biotite crystals forming streaky interstitial clots are
reminiscent of the biotite in the pre-volcanic granodiorite
(E.3248.2); it is extensively altered to chlorite, epidote and iron
ore. Plates of muscovite accompany the hiotite and apatite is the
main accessory mineral.

Elongated crystals of green hornblende, which have been
altered to epidote and chlorite, are abundant in specimen
K 1221.1 in addition to altered plates of biotite, The plagio-
clase in this specimen is often normally zoned (An,, ,) but
cccasionally the cores have patchy zoning; many of the laths
also contain antiperthitic blebs and have been strongly corroded
and infiltrated by microperthite (Fig. 26a) and quartz. Mafic
minerals are less abundant in specimen KG.1221.1 and the
hornblende has been altered to a felted mass of chlorite, sphene,
epidote and iron ore; the plagioclase has been altered as
evidenced by obliteration of twin planes and its replacement by
quartz blebs.

Specimen E.3278.2 has a similar texture to the tonalite
(E.3299.1) from the Eternity Range and this includes the large,
relatively unaltered dark brown bictite present. As in the
tonalite, the biotite is younger than and tends to corrode the
plagioclase but its relationship to the hornblende is uncertain.
This rock also possesses the large polyerystalline masses of
Quartz.

FiGURE 26
a. Microperthite replacing plagioclase in a granodiorite. (G 12211 X-nicols; x 59)
b A quartz porphyroblast in a porphyritic granodiorite. (K. 122013 Xonicols; » 52)
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Porphyritic granodiorites, KG.1203.1 and 1220.1, although
separated by-15 km have.similar textures and consist of large
(up to 1 cm) subhedral to rounded cracked phenocrysts of
quartz, together with large subhedral corroded plagioclase laths
set in a fine-grained quartzo-feldspathic ‘groundmass. In

specimen KG.1220.1 the plagioclase (An,,) is severely saussuri-

tized and it contains inclusions of iron ore. The original sub-
hedral crystals of ilmenite have been altered to leucoxene, and
veins and patches of yellow epidote are in evidence everywhere.
Anhedral patches of quartz, which finger outwards into the
groundmass (Fig. 26b), are thought to be porphyroblasts. Clots
of small green biotite crystals, similar to those described from
the volcanic rocks, are alteration products in-the matrix. In
specimen KG.1203.1 this alteration is: more intense with small
flakes of blue-green amphibole and a host of iron ore grains
formmg in addition to the biotite. As in the yolcanic rocks, this
form of alteration is cons1dered to be due to contact meta-
morphism by later intrusions.

. The porphyritic  granodiorite -at station E 3245 lacks the
quartz phenocrysts, and plagloclase, forming single crystals and
glomeroporphyritic aggregates, is the dominant mineral;
shows normal (Anso__l,,) and oscillatory zoning and sometlmes
has patchy zoning in the cores. Colourless augite (a:c = 8°)
partially altered to fibrous pale green tremolite-actinolite, is
associated - with - the: ‘plagioclase in: the glomeroporphyrmc
clusters. Subhedral plates of biotite and euhedral hornblende
form the remainder of the porphyrmc part of this rock. The
matrix, which is finer-grained than in the specimens described
above, has similarities to the devitrified groundmass of the
dacitic lavas, 1ndlcatmg a possmle shallow depth of intrusion
and relatively rapid cooling. :

. The hybrid granodlorlte at statlon KG. 1201 is the best
known, as the two source rocks, tonalite and adamellite, have
been: sampled. The ‘modal analysis - (Table IX) of the hybrid
granodiorite 'shows that the percentages of the various con-
stituents fall between those of the tonalite and 'the intruding
adamellite. The tonalite has been described above. The adamel-
lite (KG.1202.2) has a granitic texture with the subhedral plagio-
clase laths being peripherally replaced by anhedral potash feld-
spar and quartz; the former has the typical cross—hatch twin-
ning of’ microcline. The plagioclase is sericitized and i is. normally
zoned (Any; ;). Chlonte, which has replaced bloute \and iron
ore are the only mafic minerals present.

The plagioclase in the hybrid rock is extremely sericitized but
the few relatively unaltered specimens are normally zoned with a
similar composition to the tonalite (An, ,,) but some of the
crystals have patchy zonirg. Although there are. 1solated
corroded: crystals of hornblende similar to thosc in the tonahte,
hornblende usually forms small crystals in clots and is
associated with altered biotite: and iron ore; the brown biotite
has been. pseudomorphed by chlorite, .epidote and iron ore. The
quartz, ‘ which: often forms polycrystalline aggregates, and
potash: feldspar are anhedral, the latter forming large crystals
which are poikilitic towards the plagioclase. Sphene is an
abundant accessory mineral associated with hornblende.

At stationKG.1205 the hybrld material is less altered than
specrmen KG:1201.3.:The plag1oclase is only weakly sericitized
and it is normally an 0s0111ator11y zoned; some crystals have
patchy zoning: in- thc1r ‘cores; However, the maﬁc minerals,
though less altered, still form clots of small crystals, mostly
hornblende but also brown biotite and iron ore. The quartz and

potash feldspar form poikilitic crystals sprinkled with corroded
plagioclase, hornblende and biotite. The larger - hornblende
crystals contain ragged cores of pyroxene, indicating that the
hornblende has formed by the replacement of the latter; in some
instances the pyroxene is pink hypersthene similar to that in the
norite which crops out 5 km farther north. Therefore, this hybrid
rock may have been formed by the contamination of an acid
magma by norite,

The hybrid rocks at station KG.1210 lack the mafic minerals
of the other hybrid rocks; the small original biotites have been
pseudomorphed by chlorite, yellow epidote and sphene, and
ilmenite has been almost completely replaced by leucoxene.
These rocks are largely composed of sericitized and saus-
suritized laths of albite-oligoclase, which have been corroded by
quartz and potash feldspar (patch microperthite). Quartz is
abundant and large crystals up to-7 mm across have formed; at
their edges, graphic intergrowths with albite and miicroperthite
have been produced. The fact that a single quartz crystal forms
intergrowths with both albite and microperthite, and its observed
penetration along inter-crystal boundaries, suggests that it is
replacing the other minerals.

6. Adamellites

a. Field relations. The adamellite at station E.3247 is found in a
nunatak adjacent to the alkaline granite, specrmen E.3247.2, but
its contact with the latter is not seen. Specimen KG.1207.2
belongs to the boss of adamellite which intrudes the norite.

b. Petrography. The pink colour of the adamellites is spotted by
black mafic minerals, white plagioclase and colourless quartz.

These rocks have complex. textures due to the formation of

microperthite, graphic' and myrmekitic intergrowths, and the
resorption and replacement of earlier formed crystals.

The plagioclase laths (albite-oligoclase) of specimen E.3247.1
show weak normal and oscillatory zoning, and have been
extensively sericitized in their cores. The potash feldspar is a fine
string or patch microperthite forming anhedral grains which
corrode the plagioclase; a reaction rim of clear albite forms
around the corroded plagioclase. Quartz also corrodes plagio-
clase and in places it seems to corrode microperthite, but else-
where blebs of quartz in the microperthite suggest graphic inter-
growths. Ragged pseudomorphs of chlorite, epidote, iron ore
and sphene, after biotite, are the only mafic minerals present.

Specimen : KG.1207.2 is very inequigranular with large
remnant plagioclases and the development of several large
poikilitic crystals of twinned microperthite and quartz. As there
are inclusions of quartz in microperthite and vice versa, there is
probably more than one generation of each represented but
some of the former may have formed during simultaneous
crystallization to give graphic intergrowths. The relatively fresh
biotite seems to have been squeezed along boundaries between
quartz, plagioclase and potash feldspar, indicating that it formed
later than these minerals.

B. GEOCHEMISTRY

Three pre-volcanic plutonic rocks and 27 other plutonic rocks
have been analysed for the major elements and 13 trace
elements (Table X) using X-ray fluorescence methods. These
analyses have been plotted on triangular variation diagrams with
the coordinates (Fe” + Fe"")-Alk—Mg (Fig. 27) and K—-Na—Ca
(Fig. 28). On the former they show a typical calc-alkaline trend
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Fe"+ Fe™(K)

Atk Mg
FIGURE 27

Triangular variation diagram plotted on the coordinates (Fe”+Fe”")~Alk—-Mg

for the plutonic rocks. The trend for the Andean Intrusrve Suite (Adie, 1955) is

shown;,

O Norite. ® Adamellite.

m ‘Gabbro. v Alkali-granite.

A Diorite. - + Pre-volcanic granodiorite.
A Tonalite. X Pre-volcanic adamellite.
O Granodiorite.

Na Ca

. FIGURE 28
Triangular variation diagram' plotted on the coordinates K~Na—Ca for the
plutonic rocks. The symbols are the same as in Fig. 27.
The solid line is the trend of the: Andean Intrusive Suite (Adie, 1955).
The dot-dash hne is the trend of the plutonic rocks from Anvers Island
(Hooper, 1966).
The pecked hne deﬂnes the ﬁeld of the potash-rich metamorphic complex

“rocks.

which is broadly comparable to the trends obtained by other
workers for plutonic rocks from the Antarctic Peninsula (Adie,
1955; Marsh, 1968; West, 1974). On the K—Na—Ca diagram
(Fig. 28) there is an alkali-enrichment trend but three of the

-analyses plot.away from this trend towards the sodium apex of

the trlangle two of thesé are hybrid granodlorltes and the other
ohe is a porphyritic granodiorite.

Various processes have been proposed to account for the
origin of ‘the -plutonic ‘rocks in the Antarctic Peninsula. Adie
(1955) and Marsh (1968) suggested that fractional crystalllza-
tion was the main process, West (1974) considered that in the
Danco Coast the gabbros and granophyres were primary. rocks
but that the intermediate rocks were the products of magma
contamination, and Hooper (1962) described primary gabbros
and tonalites which had been extensively a]tered by regronal
metasomatism to form hybrid rocks. ‘

The chemrcal data have also been presented on linear varia-
tion dlagrams (Fig. 29), in which element percentages and
element ratios have been plotted against the modified Larsen
factor: ( Sl+K)—(Ca+Mg) (Nockolds and Allen, 1953), thus
allowing a comparison of the rock groups with each other and
w1th other rocks from the Antarctrc Pemnsula e :

1. Norzte, gabbros and dzorzte

Basic' plutomc rocks. are relatively rare in northern Palmer
Land and except for the norite, are limited to small exposures.

* One of the gabbros (E. 3293. 1) is chemically distinct from the
other basic plutonic rocks in its srgmﬁcantly lower alumina and
strontium contents, and hrgher ferrous iron and trtanla, these
features indicate a possible genetic relationship to the green-
schist dykes (Table II) and the metavolcanic rocks (Table V),
which crop out in the same area. The norite, diorite and the
other gabbro are more similar in their chemistry and, although
the K/Rb and Ba/Rb ratios fall from the more basic norite to the -
other gabbro and the diorite (Fig. 29), the wide separatxon of the
exposures and the differences in mineralogy, make a wrelatron—
ship by differentiation unlikely. The |diorite and | gabbro
(E.3269.1) have higher contents of potassmm and the associated
trace elements, rubidium, strontium and ‘barium, - than the
averages for basalt1c rrocks (Turekran and Wedepohl 1961) and
higher than the values for the numerous gabbros on the Danco
Coast (West, 1974). However, there is no indication in the thin
sections that a metasomatrc addition of. potash has taken place

2. Tonalites

The large volume of tonalites present in northern Palmer
Land, compared with the basic rocks, makes it unlikely that they
have formed by the differentiation of a gabbro magma. The
variation diagrams (Fig. 29) also suggest that the tonalites are
chemlcally unrelated to the more basic rocks; potassium, barium
and rubidium values for the tonalites are much the same as for
the gabbros, whereas. the tonalites with their much higher
modified Larsen factors (Nockolds and Allen, 1953) would be
expected to have higher values for these elements if the two
groups were related by a differentiation process.

There is no progressive decrease of the K/Rb ratro with
mcreasmg modified Larsen factor within the tonalites (Fig. 29)
and, although the Ba/Rb ratios decrease sharply, there is a con-
siderable scatter on many of the variation dlagrams Therefore,
it is unlikely that dlﬁ'erentlatxon has been actrve within ' the
tonalite group.



TaBLE X
CHEMICAL ANALYSES OF PLUTONIC ROCKS FROM NORTHERN PALMER LAND

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
SiO, 48.68 49.98 48.99 51.70 57.17 55.57 56.64 57.57 58.47 59.23 56.62 60.39 59.88 64.96 68.63 61.42 65.79 66.75 65.00 70.92 70.38 60.93 64.43 72.40 72.24 74.14 73.86 72.98 73.81 75.50
TiO, 1.23 2.04 0.84 1.15 0.79 0.87 1.16 0.78 0.80 0.87 0.90 0.72 0.61 0.41 0.48 0.64 0.56 0.41 0.59 0.29 0.37 0.60 0.84 0.32 0.30 0.06 0.15 0.18 0.21 0.18
ALO, 17.31 11.96 18.79 16.53 18.23 17.37 13.82 15.57 16.26 17.11 16.03 15.47 18.93 17.82 16.17 18.18 17.35 17.33 16.69 15.39 14.93 17.66 15.07 14.77 14.75 14.54 13.76 15.12 14.85 11.42
Fe,0s 4.71 4.65 3.97 5.65 3.41 2.72 4.06 2.9 2.97 3.4 2.77 3.01 2.74 0.62 1.61 2.42 2.55 1.79 2.86 2.24 2.07 3.18 2.77 1.48 0.92 0.96 0.68 0.18 0.97 0.90
FeO 5.60 13.12 5.58 3.65 3.713 4.46 5.18 4.02 4.05 2.67 4.66 3.08 3.07 3.32 0.88 2.98 1.25 1.53 1.26 1.02 1.49 2.30 2.52 1.20 1.23 0.30 0.88 1.34 0.42 0.99
MnO 0.23 0.26 0.21 0.15 0.12 0.13 0.19 0.14 0.15 0.12 0.14 0.13 0.14 0.05 0.09 0.12 0.11 0.10 0.11 0.04 0.11 0.11 0.08 .0.05 0.04 0.05 0.04 0.04 0.03 0.21
MgO 5.80 5.40 6.89 6.35 5.66 5.58 6.62 5.44 5.66 5.28 5.24 3.29 2.20 1.16 0.78 2.11 1.32 1.23 1.56 1.17 0.81 2.49 2.31 0.7 0.76 0.06 0.21 0.37 0.38 0.10
CaO 9.80 9.34 10.87 8.4 7.61 7.28 7.12 7.24 7.40 5.27 6.73 5.31 6.65 3.38 1.66 5.18 3.22 3.64 3.56 3.16 2.40 5.717 4.86 2.59 2.25 0.39 0.74 1.38 1.36 0.12
Na,O 2.28 2.28 2.65 3.02 3.19 2.88 2.61 2.75 2.98 3.97 2.59 2.67 3.32 4.19 5.38 4.01 4.48 4.08 4.21 3.717 5.00 3.40 3.45 4.73 5.57 4.59 3.90 4.36 3.88 4.75
KO 1.51 0.95 0.52 1.51 0.57 1.68 1.10 0.88 0.91 2.67 2.23 2.32 1.60 3.02 3.84 2.1 3.50 3.30 3.18 2.59 1.93 2.87 1.48 1.79 1.41 4.92 4.96 4.38 4.70 4.58
P,O; 0.74 0.59 0.30 0.36 0.19 0.24 0.23 0.11 0.12 0.26 0.17 0.13 0.27 0.17 0.10 0.18 0.14 0.14 0.19 0.03 0.09 0.15 0.15 0.05 0.05 0.01 0.03 0.05 0.05 -
H,0+ 0.45 0.70 0.16 1.01 1.60 0.44 0.86 0.55 0.25 0.93 0.78 1.09 0.33 0.21 0.43 0.55 0.11 0.35 0.43 0.37 0.36 0.22 0.99 0.74 0.50 0.15 0.08 0.01 0.16 0.06
H,O— 0.16 0.10 0.40 0.22 0.16 0.36 0.24 0.24 0.28 0.32 0.23 0.20 0.24 0.18 0.20 0.30 0.20 0.18 0.10 0.26 0.16 0.22 0.38 0.16 0.20 0.20 0.16 0.26 0.12 0.22
ToTAL 98.40 100.37 100.17 99.74 102.43 99.58 99.83 98.19 100.30 102.10 100.09 97.81 99.98 99.49 100.25 100.80 99.58 100.83 99.74 101.25 100.10 99.91 99.03 100.99 100.23 100.36 99.62 100.86 100.94 99.03
ELEMENT PERCENTAGES LESS TOTAL WATER
Sit+ 23.25 23.00 22.99 24.54 26.55 26.30 26.82 27.63 27.40 27.45 26.99 29.25 28.16 30.64 32.21 28.73 30.67 31.11 30.63 32.95 33.04 28.63 30.75 33.82 33.94 34.65 34.80 33.99 34.28 35.74
Tit+ 0.75 1.23 0.51 0.70 0.47 0.53 0.70 0.48 0.48 0.53 0.55 0.45 0.37 0.25 0.29 0.38 0.33 0.25 0.36 0.17 0.22 0.38 0.51 0.19 0.18 0.04 0.09 0.11 0.13 0.11
AP+ 9.36 6.36 9.98 8.88 9.58 9.31 7.41 8.46 8.62 8.98 8.65 8.48 10.08 9.52 8.59 9.63 9.16 9.14 8.90 8.09 7.93 9.39 8.14 7.81 7.84 7.69 7.34 7.97 7.81 6.12
Fe?* 3.36 3.27 2.79 4.01 2.37 1.93 2.88 2.08 2.08 (2.36 1.98 2.18 1.93 0.44 1.13 1.69 1.78 1.25 2.02 1.56 1.45 2.24 1.98 1.03 0.65 0.67 0.48 0.13 0.67 0.64
Fe?+ 4.45 10.24 4.35 2.88 2.88 3.51 4.08 3.21 3.16 2.06 3.69 2.48 2.40 2.60 0.69 2.32 0.97 1.19 0.99 0.79 1.16 1.80 2.00 0.93 0.96 0.23 0.69 1.04 0.32 0.78
Mn?+ 0.18 0.20 0.16 0.12 0.09 0.10 0.15 0.11 0.12 0.09 0.11 0.10 0.11 0.04 0.07 0.09 0.08 0.08 0.09 0.03 0.09 0.09 0.06 0.04 0.03 0.04 0.03 0.03 0.02 0.16
Mg+ 3.57 3.27 4.17 3.89 3.39 3.41 4.04 3.37 3.42 3.16 3.22 2.06 1.33 0.71 0.47 1.27 0.79 0.74 - 0.95 0.70 0.49 1.51 1.42 0.43 0.46 0.04 0.13 0.22 0.23 0.06
Ca?+ 7.15 6.70 7.80 6.12 5.40 5.27 5.15 5.31 5.30 3.73 4.90 3.93 4.78 2.44 1.19 3.70 2.30 2.59 2.56 2.24 1.72 4.14 3.55 1.85 1.62 0.28 0.53 0.98 0.97 0.09
Na+* 1.73 1.70 1.97 2.27 2.35 2.16 1.96 2.09 2.22 2.92 1.96 2.05 2.48 3.14 4.0t 2.98 3.31 3.02 3.15 2.78 3.73 2.54 2.61 3.51 4.15 3.40 2.92 3.22 2.86 3.57
K+ 1.38 0.79 0.43 1.27 0.47 1.41 0.92 0.75 0.76 2.20 1.89 2.00 1.34 2.53 3.20 2.25 2.90 2.73 2.66 2.14 1.61 2.39 1.25 1.48 1.18 4.08 4.15 3.62 3.88 3.85
Pé+ 0.33 0.26 0.13 0.16 0.08 0.11 0.10 0.05 0.05 0.11 0.08 0.06 0.12 0.07 0.04 0.08 0.06 0.06 0.08 0.01 0.04 0.07 0.07 0.02 0.02 - 0.01 0.02 0.02 -
0% 44 .58 42.98 44.70 45.16 46.36 45.97 45.78 46.45 46.39 46.42 45.98 46.96 46.91 47.63 48.11 46.88 47.64 47.84 47.62 48.53 48.51 46.83 47.65 48.89 48.98 48.87 48.82 48.67 48.82 48.88
Position
(-1/(3C§1-:-I‘IA(;) —1.67 —1.52 —3.87 .—-0.56 +0.52 +1.47 +0.64 +1.23 +1.15 +4.48 +2.69 +5.54 +4.57 +9.50 +12.21 +6.83 +410.04 +9.78 +9.27 +10.22 +10.35 +6.24 +6.39 +10.47 +10.34 +15.31 +14.95 +13.78 +14.19 +15.40
C.I.P.W. NORMS
Q 2.30 2.68 - 4.28 11.36 8.10 13.18 15.08 13.49 7.38 10.56 20.11 16.41 18.18 18.06 12.90 17.62 20.50 18.89 30.36 27.54 14.85 25.62 31.20 28.18 27.60 - 30.13 26.30 29.57 31.711
- - - - - - = - - - - - 0.17 1.77 0.25 - 0.54 0.63 0.18 0.65 0.40 - - 0.40 0.03 0.92 0.67 0.73 0.94 -
0.02 0.02 - 0.03 - 0.03 0.04 0.03 0.04 0.05 0.03 0.04 0.03 0.04 0.07 0.04 0.06 0.04 0.05 0.02 0.04 0.04 0.04 0.03 0.03 0.02 0.03 0.02 0.03 1.31
or 9.10 5.63 3.08 9.05 3.34 10.04 6.58 5.34 5.38 15.58 13.42 14.19 9.50 18.03 22.78 16.00 20.64 19.46 18.92 15.23 11.44 17.03 8.92 10.56 8.37 29.13 29.59 25.81 - 27.62 27.22
ab 19.68 19.36 22.49 25.91 26.80 24.65 22.35 23.87 25.25 33.17 22.32 23.38 28.23 35.73 45.63 33.91 37.76 34.38 35.86 31.69 42 .45 28.89 29.77 39.96 47.33 38.81 33.24 36.73 32.59 33.25
an 33.19 19.66 37.96 27.46 33.50 29.84 23.02 28.26 28.34 20.72 26.00 24.19 31.72 16.21 7.95 23.59 15.33 17.42 16.88 15.52 11.54 24.55 21.69 12.68 11.05 1.98 3.56 6.69 6.68 -
ac - - = - - - - - - - - - - ~ - - — - = - - - - - - - - - - 2.61
ns - - - - - - o= = - = = = - - - - = - - - - - - = - = - - - 0.95
di 9.53 19.34 11.59 18.18 2.36 4.33 9.11 6.44 6.37 3.99 5.75 2.04 - - - 1.01 - - - - - 2.76 1.69 - - - - - - 0.93
hy 15.05 21.25 14.60 11.71 15.80 16.78 16.99 14.89 15.02 11.96 15.67 9.81 8.14 ©7.95 1.95 7.40 3.27 3.89 3.91 2.89 2.65 5.69 6.19 2.31 2.98 0.15 1.41 3.00 0.94 1.68
ol - - 2.19 - - - - - - ~ = - - - ~ - - - - - - = - - - = - - - =
mt 6.97 6.77 5.77 8.31 4.91 3.99 5.96 4.31 4.31 4.87 4.09 4.52 3.99 0.91 1.74 3.51 2.75 2.58 2.73 2.56 3.01 4.63 4.10 2.14 1.34 0.96 0.99 0.26 0.84 -
il 2.38 3.89 1.60 2.21 1.49 1.67 2.23 1.52 1.52 1.67 1.74 1.42 1.16 0.78 0.91 1.21 1.06 0.78 1.13 0.55 0.71 1.20 1.63 0.61 0.57 0.11 0.29 0.34 0.40 0.34
hm - - - - - - - - - - - - - - 0.41 - 0.64 - 1.00 0.46 - - - - - 0.30 - - 0.39 -
ap 1.79 1.40 0.71 0.86 0.45 0.57 0.55 0.27 0.28 0.61 0.41 0.32 0.64 0.41 0.24 0.43 0.33 0.33 0.45 0.07 0.21 0.36 0.36 0.12 0.12 0.02 0.07 0.12 0.12 -
TRACE ELEMEENTS (ppm)
Cr 19 14 25 17 » 42 25 33 29 22 19 27 36 14 6 1 17 5 7 6 9 - 23 31 3 2 1 - 1 2 -
Ni 2 - 26 37 36 25 15 25 29 19 15 32 8 5 5 15 7 9 5 8 2 16 34 1 2 3 4 3 4 4
Ga 24 25 25 25 23 24 21 21 25 26 23 18 23 32 21 20 18 17 21 12 15 19 18 11 11 15 20 16 12 23
Rb 47 19 9 36 16 58 37 25 46 77 82 78 66 140 104 78 103 124 89 99 56 81 58 53 37 235 192 138 152 244
Sr 858 298 711 995 535 575 417 408 686 753 527 559 663 776 378 511 385 507 504 128 228 514 409 193 139 29 56 238 165 5
Y 27 33 13 15 13 20 25 20 22 28 27 19 17 10 20 23 26 15 18 20 25 21 16 24 25 25 22 4 13 64
Zr 60 93 8 102 54 111 201 121 154 253 146 176 120 183 343 193 265 173 245 90 184 173 162 147 156 119 146 111 140 648
Nb 6 5 2 7 4 3 3 6 13 16 7 7 8 8 13 8 7 6 9 4 7 4 7 5 5 21 18 13 9 33
Ba 643 509 270 581 277 564 347 303 579 670 462 840 623 829 1085 773 984 863 900 499 522 615 420 524 608 480 260 591 730 164
La 28 46 15 33 38 25 12 19 34 39 31 25 28 44 40 35 48 42 33 17 28 32 22 23 14 41 43 32 31 42
Ce 50 69 18 40 18 40 28 24 41 56 42 34 45 71 65 55 63 61 55 24 38 53 29 32 29 83 65 46 40 9
Pb 7 13 17 14 15 22 16 26 14 22 18 57 13 31 26 36 32 22 56 15 41 25 16 22 16 22 39 22 21 68
Th 5 - - 4 3 3 - 4 7 16 7 13 5 15 12 15 20 23 13 8 3 14 5 7 5 24 27 27 33 31
ELEMENT RATIOS
K/Rb 272 416 478 ‘353 294 243 249 300 165 286 230 256 203 181 308 288 282 215 299 216 286 392 216 279 319 174 216 301 255 158
Ba/Rb 13.7 26.8 30.0 16.1 17.3 9.7 9.4 12.1 12.6 8.7 5.6 5.6 9.4 5.9 10.4 9.9 9.6 7.0 10.1 5.0 9.3 7.6 7.2 9.9 16.4 2.0 1.4 4.3 4.8 0.59
COORDINATES OF TRIANGULAR DIAGRAMS
Fe 54.3 70.1 52.0 48.1 45.8 43.8 50.1 46.0 45.0 34.8 4.5 43.3 '45.7 32.3 19.1 38.2 28.2 27.3 30.8 29.4 31.0 38.5 42.9 26.6 21.7 10.7 14.0 14.1 12.5 15.9
Alk 20.9 12.9 17.5 24.8 24.6 28.8 20.8 24.7 25.6 40.3 30.2 37.6 40.2 60.2 75.9 49.7 63.7 64.4 59.5 61.7 63.2 47.1 41.7 67.6 72.0 68.8 84.5 83.2 84.6 83.4
Mg 24.8 17.0 30.4 27.1 29.6 27.4 29.1 29.3 29.4 249 25.3 19.1 14.1 7.5 5.0 12.1 8.1 8.3 9.7 8.8 5.8 14.4 15.3 5.8 6.2 0.4 1.5 2.7 2.9 0.7
Ca 70.4 72.9 76.4 63.3 65.7 59.6 64.1 65.1 64.1 42.2 56.0 49.‘3 55.6 30.1 14.2 41.5 27.0 31.1 30.6 31.3 24 .4 45.7 47.8 27.0 23.3 3.6 7.0 12.6 12.5 1.2
Na 17.0 18.5 19.3 23.5 28.6 24.5 24.4 25.7 26.8 33.0 22.4 25.7 28.8 38.7 41.7 33.3 39.0 36.2 37.6 38.8 52.8 27.9 35.2 51.3 59.8 43.8 38.4 41.2 37.1 47.5
K 12.6 8.6 4.2 13.2 5.7 16.0 11.5 9.2 9.2 24.8 21.6 25.0 15.5 31.2 38.1 25.2 34.1 32.7 31.8 29.8 22.8 26.4 16.9 21.7 16.9 52.6 54.6 46.3 50.3 51.3
Qt * * * * * * . * " * * N * * * * * * * * 33.6 * * 37.5 33.4 26.9 31.1 29.5 31.5 32.3
Ab * * * * . * * * * * * * * * * * * * * ¥ 55.6 * * 52.4 60.1 43.0 38.2 4.2 38.7 38.7
Or * * * * . * * . * . * . * * * * * N * * 10.7 * * 10.1 6.6 30.1 30.6 36.4 29.8 29.0
tOr * * * * * - b * * * * » ¥ * * * * * * » 13.6 * * 13.2 8.4 40.3 42.5 34.1 39.9 42.8
Ab * * * * » * * * * * * * * * b * . * * * 70.6 . * 68.4 76.6 57.4 53.1 57.3 51.7 57.2
An * * * * * * * * . * # * * * * * * * * * 15.8 * * 18.4 15.0 2.3 4.5 8.6 8.4 -
* Not determined.
+ Mesonorms have been used for these coordinates.
1. E.3269.1 Gabbro; south of Engel Peaks. 11. E.3299.1 Tonalite; north-eastern side of Mount Hope. 21. KG.1220.1 Porphyritic granodiorite; Brindle Cliffs.
2. E.3293.1 Gabbro; north-west ridge of Mount Sullivan. 12. E.3248.2 Pre-volcanic granodiorite; head of Fleming Glacier. 22. KG.1205.1 Xenolithic granodiorite; south-west of Mount Edgell.
3. KG.1207.4 Norite; south-west of Mount Edgell. 13. E.3278.2 Granodiorite; west of Engel Peaks. 23. KG.1201.3 Xenolithic granodiorite; mainland east of the Rhyolite Islands.
4. EA4238.1 Diorite; head of Fleming Glacier. 14. E.3260.3 Granodiorite ; north-eastern ridge of Mount Charity. 24. KG.1210.1 Xenolithic granodiorite; west of Mount Edgell.
5. KG.1201.1 Tonalite; mainland east of the Rhyolite Islands. 15. E.3246.1 Granodiorite; Crescent Scarp. 25. KG.1210.2 Xenolithic granodiorite; west of Mount Edgell.
6. KG.1206.7 Tonalite; south-western side of Mount Edgell. 16. KXG.1200.6 Granodiorite; south of Mount Edgell. 26. E. 3618.2 Pre-volcanic adamellite; north-eastern ridge of Mount Charity.
7. KG.1222.2 Tonalite; Mount Guernsey. 17. KG.1221.1 Granodiorite; north-western ridge of Mount Edgell. 27. E.3622.2 Pre-volcanic adamellite; north of Mount Charity.
8. KG.1219.4 Tonalite; Mica Islands. 18. XG.1207.3 Granodiorite; xenolith in adamellite (E.1207.2). 28. E.3247.1 Adamellite; head of Fleming Glacier.
9. E.3241.1 Tonalite; south of Relay Hills. 19. E.3245.3 Porphyritic granodiorite; south-east of Garcie Peaks. 29. KG.1207.2 Adamellite; south-west of Mount Edgell.
10. E.3241.3 Tonalite; south of Relay Hills. 20. KG.1203.1 Porphyritic granodiorite; south-west of Mount Edgell. 30. E.3247.2 Granite; head of Fleming Glacier. [face page 32



TaABLE 11
CHEMICAL ANALYSES OF ROCKS FROM THE METAMORPHIC COMPLEX TO THE EAST OF THE ETERNITY RANGE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
SiO, 60.43 65.29 66.04 67.47 67.95 65.19 67.51 69.11 69.46 70.68 71.20 73.11 48.97 56.12 60.56 66.97 65.47 69.04 69.27 69.86 74.45 71.15 75.27 74.13 46.61 46.98
TiO, 1.07 0.62 0.53 0.57 0.74 0.58 0.57 0.43 0.50 0.38 0.41 0.24 0.25 1.45 0.78 0.74 0.49 0.25 0.30 0.47 0.06 0.22 0.09 0.4 1.00 1.34
ALO, 14.54 15.97 16.49 16.21 13.64 17.16 16.05 14.55 16.40 14.33 13.91 13.92 14.10 13.66 12.02 13.58 17.65 18.02 16.57 14.86 15.32 16.56 13.69 12.82 12.50 12.97
Fe, 03 2.76 1.63 1.83 2.64 1.80 0.83 1.41 1.55 1.25 1.58 1.12 0.84 3.46 2.32 2.26 2.38 2.75 0.33 1.79 1.79 0.03 0.25 0.62 2.51 3.57 6.36
FeO 5.41 2.40 1.54 1.07 2.81 2.50 1.63 1.73 1.45 1.34 1.96 1.17 4.09 7.1 5.72 3.12 1.23 1.17 0.63 1.64 0.41 1.87 0.68 0.30 10.00 8.43
MnO 0.12 0.06 0.03 0.03 0.09 0.04 0.03 0.13 0.03 0.07 0.05 0.03 0.18 0.21 0.14 0.12 0.07 0.03 0.06 0.05 0.01 0.05 0.04 0.03 0.23 0.29
MgO 3.34 2.74 2.39 2.77 3.10 1.27 1.09 0.45 0.99 0.61 0.60 0.31 12.82 1.90 4.64 2.06 1.45 0.68 0.88 0.61 0.11 0.28 0.07 0.07 8.00 9.48
CaO 5.56 3.45 2.45 3.02 1.52 2.87 2.10 1.55 2.15 1.25 1.74 1.09 13.98 6.79 5.56 2.85 3.14 1.91 2.10 1.81 1.05 1.21 0.74 0.55 12.25 1.1
Na,O 2.712 3.22 2.9 3.10 2.04 3.10 2.67 2.82 2.86 3.82 2.84 3.00 0.79 2.90 2.36 2.61 3.76 3.43 1.98 3.36 2.49 3.45 3.76 3.51 1.31 1.89
K.,O 2.51 3.00 5.31 3.33 5.04 4.87 5.23 6.22 4.87 4.97 4.92 6.04 1.01 1.81 3.01 4.45 4.10 6.14 7.78 4.9 6.81 5.82 5.25 6.28 0.92 1.45
P,0s 0.29 0.25 0.26 0.07 0.05 0.29 0.17 0.08 0.14 0.08 0.10 0.03 0.03 0.62 0.21 0.20 0.25 0.27 0.15 0.09 0.03 0.07 0.01 0.07 0.19 0.16
H,0+ 0.34 0.16 0.38 0.13 0.42 0.34 0.28 0.04 0.23 0.26 0.32 0.14 1.16 1.16 0.63 0.43‘ 0.18 0.30 0.45 0.18 0.04 0.07 .0.22 0.20 1.17 2.30
H.0—- 0.22 0.16 0.12 0.36 0.20 0.14 0.22 0.25 0.16 n.20 0.14 0.14 0.16 0.12 0.20 0.18 0.24 0.10 0.14 0.28 0.22 0.36 0.14 0.12 0.18 0.24
TorAL 99.31 98.95 100.36  100.77 99.30 99.18 98.96 98.91 100.49 99.57 99.48 100.06  101.00 96.77 98.09 99.69  100.78 101.67  102.10 99.90 101.03  101.36  100.52  101.02 98.00 99.66
ELEMENT PERCENTAGES LESS TOTAL WATER
Si¢+ 28.61 30.95 30.92 31.45 32.16 30.88 32.05 32.76 32.44 33.34 33.67 34.25 22.97 27.48 29.11 31.60 30.50 31.87 31.90 32.84 34.54 32.96 35.11 34.41 22.56 22.61
Tit+ 0.65 0.38 0.32 0.34 0.45 0.35 0.35 0.26 0.30 0.23 0.25 0.14 0.15 0.91 0.48 0.45 0.29 0.15 0.18 0.28 0.04 0.13 0.05 0.26 0.62 0.83
AP+ 7.79 8.57 8.74 8.55 7.31 9.20 8.63 7.81 8.67 7.65 7.45 7.38 7.49 7.57 6.54 7.25 9.31 9.42 8.64 7.91 8.05 8.68 7.23 6.74 6.85 7.07
Fe+ 1.95 1.16 1.28 1.84 1.27 0.59 1.00 1.10 0.87 1.11 0.79 0.59 2.43 1.70 1.63 1.68 1.92 0.23 1.23 1.26 0.02 0.17 0.43 1.74 2.59 4.58
Fe?+ 4.26 1.89 1.20 0.83 2.21 1.97 1.29 1.36 1.13 1.05 1.54 0.91 3.19 6.28 4.57 2.45 0.95 0.90 0.48 1.28 0.32 1.44 0.53 0.23 8.05 6.75
Mn?+ 0.09 0.05 0.02 0.02 0.07 0.03 0.02 0.10 0.02 0.05 0.04 0.02 0.14 0.17 0.11 0.09 0.05 0.02 0.05 0.04 0.01 0.04 0.03 0.02 0.18 0.23
Mg?+ 2.04 1.67 1.44 1.67 1.89 0.78 0.67 0.28 0.60 0.37 0.37 0.19 7.76 1.20 2.88 1.25 0.87 0.41 0.52 0.37 0.07 0.17 0.04 0.04 5.00 5.89
Ca?* 4.02 2.50 1.75 2.15 1.10 2.08 1.52 1.12 1.54 0.90 1.26 0.78 10.02 5.08 4.09 2.06 2.24 1.35 1.48 1.30 0.74 0.86 0.53 0.39 9.07 5.72
Na+ 2.04 242 2.22 2.29 1.53 2.33 2.01 2.12 2.12 2.86 2.13 2.23 0.59 2.25 1.80 1.95 2.78 2.51 1.45 2.51 1.83 2.54 2.78 2.59 1.01 1.44
K+ 2.11 2.53 4.41 2.76 4.24 4.10 4.41 5.24 4.04 4.16 4.13 5.02 0.84 1.57 2.57 3.73 3.39 5.03 6.36 4.09 5.61 4.79 4.35 5.18 0.79 1.24
pe+ 0.13 0.11 0.11 0.03 0.02 0.13 0.08 0.04 0.06 0.04 0.04 0.01 0.01 0.28 0.09 0.09 0.11 0.12 0.06 0.04 0.01 0.03 - 0.03 0.09 0.07
0oz~ 46.30 47.78 47.58 48.06 47.75 47.57 47.97 47.81 48.22 48.23 48.33 48.46 44 .42 45.51 46.13 47.70 47.59 48.00 47.65 48.08 48.77 48.20 48.91 48.37 43.21 43.57
MESONORMS
Q 22.83 27.26 22.53 28.68 32.61 22.29 26.99 24.87 28.38 25.67 31.15 28.62 - 18.15 19.54 28.35 20.61 20.52 22.27 26.66 29.51 24.51 29.63 27.05 - 2.79
or 3.28 9.39 25.00 13.34 20.49 23.46 27.77 35.13 25.53 27.47 26.44 34.36 3.22 2.31 9.73 19.26 20.78 32.87 43.75 26.84 29.52 31.23 30.42 37.19 1.41 -
ab 25.18 29.47 26.95 27.93 18.83 28.34 24.61 26.01 25.91 34.84 26.21 27.30 1.47 28.04 22.13 24.08 33.73 30.37 . 17.71 30.68 22.40 30.82 33.93 31.71 9.17 17.711
an 20.69 13.57 8.64 12.58 4.77 10.50 7.51 5.82 8.08 4.42 6.73 4.43 31.69 20.38 12.92 10.53 12.22 6.74 8.36 6.87 4.81 4.75 3.31 0.70 26.95 23.63
bi 19.21 13.88 10.38 10.23 16.16 9.31 6.29 4.17 5.59 3.75 5.47 2.88 4.32 14.72 14.13 12.39 5.46 4.61 3.22 4.14 1.25 4.74 1.18 0.20 6.93 14.30
act 2.92 - - - - - - - - - - - 37.34 9.12 15.92 - - - - - - - - 0.07 38.59 15.96
hy - - - - - - - - - - - - - - - - - - - - - - - - - 15.42
ed - - - - - - - - - - - - 17.719 - - - - - - - - - - - 10,39 =
mt 2.97 1.74 1.92 2.56 1.93 0.88 1.51 1.66 1.32 1.68 1.20 0.89 3.59 2.61 2.47 2.56 2.87 0.34 1.60 1.90 0.03 0.26 0.65 0.77 3.94 6.94
hm - - - 0.14 - - - - - - - - - - - - - - 0.18 - - - - 1.24 - -
tn 2.30 1.32 1.11 1.19 1.59 1.23 1.22 0.92 1.05 0.81 0.88 0.51 0.52 3.26 1.70 1.59 1.02 0.51 0.62 1.00 0.13 0.46 0.19 0.92 2.20 2.92
ap 0.63 0.53 0.55 0.15 0.11 0.62 0.37 0.17 0.30 0.17 0.22 0.06 0.06 1.40 0.46 0.43 0.52 0.56 0.31 0.19 0.06 0.15 0.02 0.15 0.42 0.35
C - 2.84 2.93 3.20 3.52 3.35 3.72 lA.24 3.85 1.19 1.70 0.94 - - - 0.81 2.78 3.48 1.98 1.73 2.30 3.09 0.68 - - -
TRACE ELEMENTS (ppm)
Cr 9 25 22 72 53 9 32 - 25 8 3 - 715 5 14 15 9 8 4 7 - 3 - - 140 47
Ni 4 17 20 41 43 9 15 2 14 6 5 5 196 - 8 - 8 10 8 7 3 4 3 S 108 256
Ga 23 27 27 25 18 23 22 16 22 18 19 15 11 23 20 20 27 23 25 16 13 ’ 22 17 10 17 22
Rb 71 141 226 180 185 175 235 185 208 211 270 263 68 75 150 253 176 204 310 226 204 451 386 242 54 72
Sr 357 480 403 513 407 438 364 108 352 145 139 46 149 310 322 299 845 375 506 162 298 137 7 28 167 365
Y 25 17 14 4 38 13 12 34 9 32 27 35 6 49 27 26 19 27 14 30 - 24 39 53 .21 35
Zr 352 260 245 141 491 320 227 348 188 240 236 191 9 307 181 290 190 157 123 263 67 161 123 426 63 69
Nb 11 18 11 15 15 18 23 18 19 14 17 18 1 22 12 19 17 10 23 15 4 25 30 23 2 5
Ba 2163 585 705 653 1028 1030 756 1026 691 788 557 533 58 740 598 1233 869 728 886 901 1252 377 122 859 99 . 288
La 36 55 44 30 34 88 79 73 48 44 53 73 17 50 36 44 48 41 41 48 31 65 43 64 16 18
Ce 43 89 66 48 46 133 116 123 69 75 84 115 7 87 59 72 72 32 65 74 20 109 73 95 15 16
Pb 18 24 56 51 78 40 59 39 57 39 46 36 10 25 31 55 24 82 83 57 50 71 56 70 8 14
Th 5 48 15 16 16 51 57 20 29 21 30 34 - 13 18 12 23 5 28 22 4 70 56 30 1 -
ELEMENT RATIOS
K/Rb 274 160 195 153 229 234 188 185 194 197 153 191 122 209 171 147 193 247 205 181 275 106 113 214 146 172
Ba/Rb 28.1 4.1 3.1 3.6 5.6 5.9 3.2 5.5 3.3 3.7 2.1 2.0 0.9 9.9 4.0 4.9 4.9 3.6 2.9 3.9 6.1 0.8 0.3 3.5 1.8 4.0
K/Sr 58 52 109 54 103 92 119 478 115 285 294 1090 56 48 78 124 40 136 128 251 190 353 6226 1862 46 33
K/Ba 9.8 43.2 62.6 4.3 41.2 39.8 58.3 51.0 58.5 52.8 74.1 94.2 144.8 21.2 43.0 30.3 39.0 69.1 71.8 45.4 4.8 127.1 356.6 60.3 79.8 43.1
Rb/Sr 0.22 0.29 0.4 0.35 0.45 0.40 0.65 1.71 0.59 1.46 1.94 5.71 2.19 0.24 0.47 0.85 0.21 0.54 0.61 1.39 0.68 3.29 55.14 8.64 0.32 0.20
Ca/Sr 112.6 52.1 43 .4 41.9 27.0 47.5 41.8 103.7 43.8 62.1 90.6 169.6 672.5 163.9 127.0 68.9 26.5 36.0 29.2 80.2 24.8 62.8 757.1 139.2 543.1 156.7
Ba/Sr 6.06 1.22 1.75 1.27 2.53 2.35 2.08 9.5 1.96 5.43 4.01 11.59 0.39 2.39 1.86 4.12 1.03 1.94 1.75 5.56 4.20 2.75 17.4 30.7 0.59 0.79
COORDINATES OF TRIANGULAR DIAGRAMS
Fe 50.1 31.5 23.5 28.5 31.3 26.2 24 .4 24.4 22.8 22.7 26.0 16.8 37.9 61.3 46.1 37.3 28.9 12.4 17.1 26.7 4.3 17.7 11.8 20.2 61.0 56.9
Mg 16.4 17.3 13.7 17.8 17.0 8.0 7.1 2.7 6.8 3.9 4.1 2.1 52.4 9.2 21.4 11.3 8.8 4.5 5.2 3.9 0.8 1.8 0.5 0.4 28.7 29.6
Alk 33.5 51.2 62.8 53.8 51.7 65.8 68.5 72.9 70.3 73.5 69.9 81.1 9.7 29.4 32.5 51.4 62.3 83.1 77.7 69.4 94.9 80.4 87.7 79.4 10.3 13.5
Ca 49.2 33.6 20.9 29.9 16.0 24.4 19.2 13.2 20.0 11.4 16.7 9.7 87.5 57.0 48.3 26.6 26.6 15.2 15.9 16.5 9.1 10.5 6.9 4.8 83.5 68.1
Na 25.0 32.5 26.5 31.8 22.3 27.4 25.3 25.0 27.6 36.1 28.3 27.8 5.1 25.3 21.3 25.3 33.1 28.3 15.6 31.7 22.4 31.0 36.3 31.7 9.3 17.2
K 25.8 33.9 52.6 38.3 61.7 48.2 55.5 61.7 52.5 52.5 54.9 62.5 7.3 17.7 30.4 48.2 40.3 56.6 68.5 51.8 68.5 58.5 56.8 63.5 7.3 14.8
Q * - * * ¥ * 34.0 28.9 35.6 29.2 37.2 31.7 * * * * * 24.5 26.6 31.7 32.3 28.3 31.5 28.2 * *
Or * * * * * * 35.0 40.8 32.0 31.2 31.6 38.1 * * * * * 39.2 52.3 31.9 43.2 36.1 32.4 38.8 * *
Ab . * * * * * 31.0 30.2 32.5 39.6 31.3 30.2 * * * * * 36.3 21.2 36.4 24.5 35.6 36.1 33.0 * *
An * * * * * * 12.3 8.9 13.7 6.6 11.1 6.7 * * * * * 9.8 12.1 10.7 7.2 6.2 4.8 1.1 * *
Ab * * * * * * 41.1 38.8 43.5 52.2 44.0 41.3 * * * * * 43.1 25.4 47.5 33.7 47.2 50.2 459 . *
Or * * * * * * 46.6 52.3 42.8 41.2 44.9 52.0 * * * * * 47.1 62.5 41.8 59.1 46.6 45.0 53.0 * *
* Not determined.
1. E.3287.1 Biotite-gneiss. 10. E.3296.1 Augen-gneiss. 19. E.3285.1 Acid gneiss.
2. E.3612.1 Biotite-gneiss. 11. E.3611.1 Augen-gneiss. 20. E.3609.1 Acid gneiss.
3. E.3612.2 Biotite-gneiss. 12. E.3603.1 Augen-gneiss. 21. E.3286.4 Acid gneiss.
4. E.3606.1 Biotite-gneiss. 13. E.3282.3 Amphibolite. 22. E.3291.10 Acid gneiss.
5. E.3607.1 Biotite-gneiss. 14. E.3294.1 Amphibolite. 23. E.3290.1 Acid gneiss.
6. E.3286.2 Augen-gneiss. 15. E.3291.12 Amphibolite. 24. E.3271.1 Engel Peaks granite
7. E.3608.1 Augen-gneiss. 16. E.3291.11 Amphibolite. 25. E.3291.6 Greenschist dyke.
8. E.3295.1 Augen-gneiss. 17. E.3279.6 Acid gneiss. 26. E.3296.2 Greenschist dyke.
9. E.3614.1 Augen-gneiss. 18. E.3613.1 Acid gneiss.
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Variation diagram for the plutonic rocks showing major and trace elements,
and element ratios, plotted against ¢ Si+K)-(Ca+Mg).
The symbols are the same as in Fig. 27.
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The two types of tonalite; which were distinguished petro-.

graphically, do not possess distinctive chemical characteristics.
However, specimen E.3241.3 has higher potassium and silica
contents than the other tonalites and it plots with the grano-
diorites on the variation diagrams. This tonalite was found in
close proximity to specimen E.3241.1 and may possibly be part
of the same intrusion. Its K/Rb ratio is consxderably higher than

that of specimen E.3241.1 and therefore it is unlikely thatitisa

differentiate of the more basic tonalite. However, the increased

potash content in this rock can be seen in the thin section as

microperthite, which corrodes earlier formed crystals and is
intergrown with quartz, and these constituents may have been
introduced by metasomatism; textures resembhng graphic inter-
growths may have been formed by hydrothermal solutions or
metasomatism (Marmo, 1971, p. 166).

3. Granodiorites

These are the most abundant of the plutonic rocks and the

most heterogeneous, both in the thin sections and in their

chemistry. It has been pointed out that on the K-Na—Ca

diagram (Fig. 28) some of the granodiorites plot away from the
main trend, towards the sodium apex. On the plot of potassium
against the modified Larsen factor (Fig. 29), these three rocks
are joined by another porphyritic granodiorite. These deviates
from the main trend can best be seen on the variation diagrams

of silica, sodium, potassium, barium and strontium (Fig. 29), in

which they plot above the main trend in the silica and sodlum
diagrams, but below it in the potassium, barium and strontium
diagrams. Three of these granodiorites have over 80%

Ab or

FiGURE 30
A plot of normative quartz, albite and orthoclase for the plutonic rocks con-
tammg normative Q+Ab+Or > 80%. The symbols are the same as in Fig. 27.
The inner ‘dashed line encloses 14% and the outer line 86% of ‘all the granites
considered by Winkler (1974, fig. 18-11).
The solid line indicates the trend of the ternary minima and eutectics at water
pressures of between 0.5 and 10 kbar (Tuttle and Bowen, 1958; Luth and
others, 1964).

normative Q+Ab+An and they have been plotted on a
Q-Ab—Or variation diagram (Fig. 30). As the points fall close to
the Q-Ab sideline, outside the field of normal granites and away
from the minimum of Tuttle and Bowen (1958), they are not
magmatic rocks.

At station KG.1201, an adamellite intrudes tonalite and the
former has been contaminated to give a hybrid granodiorite.
These rocks have been plotted on 'the ‘variation diagrams (Fig.
29) and, although this hybrid granodiorite has a lower modified
Larsen factor than the anomalous granodiorites: discussed
above, this rock plots appreciably above the main:trend for silica
and below for potassium and barium. This suggests that the con-
tamination of an acid magma by more basic rocks could
produce the anomalous chemical features of some of the grano-
diorites. ‘ ‘

However, the process forming these anomalous granodiorites
is selective because only .a few of the hybrid granodiorites are
included and two of the porphyritic granodiorites. Furthermore,
these two groups are very different in microscopic texture and in
the outcrop, the porphyritic granodiorites being more homo-
geneous. Metasomatism is the most likely process to have
caused these features.

From 'Anvers Island, Hooper (1962) described a meta-
somatic trondhjemmc porphyry, which consists of large quartz
and albite porphyroblasts in a matrix of interlocking quartz and
albite grains with traces of potash feldspar, and which has a
similar chemistry to the porphyritic granodiorites and hybrid
granodiorites discussed above. However, the phenocrysts of the
porphyritic granodiorite seem to be:primary and the meta-
somatism has albitized the plagioclase and altered the matrix of
the rock. As in the process envisaged by Hooper (1962) for the
trondhjemitic porphyry, the metasomatism mainly involved an
introduction of silica and sodium.

The textures of the hybrid granodiorites, KG.1210.1 and 2,
are very different from those of the porphyritic granodiorites but
their chemical compositions are similar. In these rocks, quartz
forms graphic intergrowths with patch microperthite and albite,
and experimental evidence (Marmo, 1971, p. 166) has shown
that such textures can be produced by hydrothermal solutions or
metasomatism.

There are a few large bodies of homogeneous granodiorite in
the area mapped and, although tonalites are numerous, their
K/Rb and Ba/Rb ratios are mostly lower than those of the
granodiorites (Fig. 29), making it unlikely that the latter formed
by the differentiation of a tonalitic magma. However, in the area
around Mount Edgell, the basic granodiorite (KG.1200.6) has a
higher K/Rb and Ba/Rb ratio than the more acid types
(KG.1207.3 and 1221.1) and therefore differentiation may have
occurred within these homogeneous granodiorites.

Within the granodiorites, specimen E.3248.2 belongs to the
pre-volcanic rocks but specimen KG.1200.6 is post-volcanic. It
is evident from columns 12 and 16 in Table X that they are
similar in their chemistry, the main differences being the lower
alumina and soda, and the higher magnesium, chromium, nickel
and lead contents of the pre-volcanic granodiorites. The other
homogeneous granodiorites (KG.1221.1, E.3278.2 and 3620.3)
are more closely allied to the post-volcanic rocks in these
elements. As with the adamellites, much radiometric dating will
be necessary to supplement the meagre field relations, in order to
establish whether such chemical criteria can be used to distin-
guish the plutonic rocks of different ages.
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4. Adamellites

Two pre-volcanic adame]htes (E. 3618 2 and 3622.4) and two
adamellites (E.3247.1.and KG.1207.2), whose relationship to
the volcanic rocks is: not known, have been analysed Dykes of
micro-adamellite cut the Upper Jurassic volcanic rocks, indicat-
ing the presence of a post-volcanic acid magma. West (1974,
p. 48) recorded many chemical differences between the pre-
" volcanic granitic rocks and the post-volcanic granophyres of the
‘Danco Coast. The earlier granitic rocks are more acidic and
have lower barium and higher rubidium contents, lower K/Rb
‘and Ba/Rb ratios, and. are impoverished in zinc, zirconium,
cerium, copper, yttrium, lanthanum and lead. In Palmer Land,
‘while the pre-volcanic adamellites have lower barium, higher
rubidium and lower K/Rb and Ba/Rb ratios than the other two
adamelhtes, they are enrrched in cerium, lanthanum and yttrrum

It is evident that the geochemical data are not adequate to dis-
cnmmate between the acid: plutonic rocks of different ages in
northern Palmer Land. Many more field relations and radio-
metric- dates ‘are requlred before any satlsfactory iconclusions

can be reached. It may be found that it is 1mposs1ble to
distinguish between the plutonic rocks of different ages by geo-
chemical methods. Based on the available radiometric evidence,
Marsh (1968, p. 196) described Jurassic plutonic rocks from the
east coast of Graham Land Wthh ‘he could not dlstmgursh on
the ‘basis of the major elements from the younger ‘Andean
plutonrc rocks.

The geochemical differences between the adamelhtes and the
acid igneous rocks of the metamorphic complex are, however,
more obvious. From the K-Na—Ca diagram (Fig. 28), it is clear
that the acid. metamorphlc complex rocks are richer in potash
They are also richer in iron, magnesium and calcium, and the
associated trace elements (Tables III and X).

It is unlikely that the adamellites formed by the differentia-
tion of a more basic magma. While the Ba/Rb ratios of the
adamellites are shghtly lower than those of the more basic rocks,
their K/Rb ratios are higher than those of many of the grano-
diorites and tonalites (Fig. 29). The granodiorites are such a
mixed group of. rocks, many of which have a hybrid or meta-
somatic origin, that they could: not have a parental relationship
‘to an -adamellite magma On the contrary, an adamellite magma
may have formed many of the hybrid granodiorites. J

The. adamel lites-have normatrve Q+Ab+An>80% and they
have been plotte on Q——Ab—Or and Or—Ab—An diagrams (Figs
30 and 3 1) In; former, the adamellites plot in the normal field
of granitic rocks but one of the pre—volcamc adamellites and one
of the others plot : closer to: the albite apex of the triangle, which
probably 1ndrcates that they were . formed under higher water

: : amelhtes Both of the pre-volcanic

adamelhtes are shghtly enrlc hed in orthoclase, suggesting that,
as in the acrdrgnelsses and feldspar-gneisses, a metasomatic
agloclase by potash feldspar has ‘taken place;
nt,in\,the thin sections. On the Or-Ab-An
diagram (Flg ) the pre-volcanic adamelhtes plot in the low-
temperature trough (Kleema ,.1965) but the other two lie at the
boundary. of ithe trough The variations between the two groups
of adamellites may be due to ‘dl Terent source rocks bemg melted.
‘Kleemanj(1-965 g. 8) has shown the trends of melts initiated by
the intrusion of basaltic magmas and these are reproduced in

Flg 31 together Wrth an. outlrne of the field of the acid gneisses

and augen—gnelsses The: pahngenetrc veins derived from granites

have produced a liquid rrcher in albite than the parental rock

thrs is also €

Ab or

FIGURE 31
A plot of normative anorthite, albite and orthoclase for the plutonic rocks con-
taining normative Q+Ab+Or > 80%. The symbols are the same as in Fig. 27.
The parallel lines enclose the outer limits of compositions indicative of crystal-
lization of liquids in the thermal trough of this system, allowing for analytical
error (Kleeman, 1965, fig. 4A). The area enclosed by the dashed line indicates
the main concentration of acid rocks from the metamorphic complex. The

dashed symbols indicate the trend of melts, after' Kleeman (1963, fig. 8).

and so it is possible that the pre-volcanic adamellites formed by
partial melting of the potash-rich acid rocks of the metamorphic

complex, and that the other adamellites formed by fusron of
more basic rocks.

C. CONCLUSIONS

It is evident that the processes of metasomatism, contamina-
tion,. anatexis and possibly differentiation were involved in the
formation of these plutonic rocks. However, the relative signific-
ance of these processes is uncertain and it is not clear whether
some of these processes could give rise to the large volumes of
relatively homogeneous tonalite and granodronte present in: this
area..

The trends on the variation diagrams (Figs 27, 28 and 29) are
similar to those obtained for rocks from other parts of the
Antarctic Peninsula (Adie, 1955; Marsh, 1968) and for: other

. calc-alkaline suites (Nockolds and Allen, 1953), and these

smooth trends were thought to indicate differentiation. The small -
volume of basic rocks compared with the intermediate rocks,
plus the lack. 'of iron enrichment | compared with: known
differentiated rocks, have been strong arguments against the
application of this process to calc-alkaline rocks. Furthermore,

~ while Osborn (1969) has proved experimentally that different-

iation ‘can give a calc-alkaline trend by the fractionation of
magnetite, trace-element studies by Taylor (1969) suggested that
this process has not taken place in the formation of andesites
and associated calc-alkaline rocks. It is therefore probable that
differentiation was not a major process in the formation of the
plutonic rocks in northern Palmer Land.
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“The acid and intermediate plutonic rocks of Anvers Island are
thought to have been formed by the metasomatic addition of
silica, sodium and potassium to primary tonalites and gabbros
(Hooper, 1962), and on the K~Na~Ca diagram (Fig. 28) they
have a more sodium-enriched trend compared to that of normal
Andean intrusive rocks (Adie, 1955). Apart from the anomalous
granodiorites, most of the intermediate rocks from northern
Palmer Land fall between these two trends. There is little
chemical or petrographic evidence to suggest that meta-
somatism was of more than local srgmﬁcance in the formation of
these rocks and this view is in. keepmg with current opinions
rega_rdmg granitization (Carmichael and others, 1974, p. 593).

A contamination model has been commonly invoked to
explain the formation of calc-alkaline rocks (Baragar, 1966;
Pitcher and Berger, 1972, p. 120). This involves the contamina-
tion of a basic magma by acid material or vice versa. Several
petrographic criteria have been used to infer a hybrtd origin for
Antarctic ‘plutonic rocks (Curtis, 1966; West, 1974) but when
these are applied to the relatrvely homogeneous granodiorites
and tonalites the results are not conclusive; some of the features
can be attributed to other mechanisms and,‘unless several of the
criteria can be recogmzed in the same rock, it is unwise to
postulate a hybrid origin on this evidence alone Furthermore,
while West’s (1974) hybrld rocks show non curvrlmear ‘trends
w1th consrderable scatter on the lmear varratlo ) ‘-dlagrams,
espec1ally on the plots of phosphorus, tltama and manganese,

these features are not found in the tonahtes and granodrorrtes of
northern Palmer Land (Fig. 29). -

Although it seems that the contarmnatron of an acid magma
by norite or tonalite has taken place to form the heterogeneous
xenolithic granodiorites, in the same area a large body of
adamellite containing granodxorlte xenohths intrudes the norite,
and all the contacts are sharp with no vrslble ‘contamination.
Comparable variations in ‘contact phenomena have been noted
by Pitcher and Berger (1972, p. 351), who concluded that “the
character of a’ ‘granitic pluton, and of its rela ionship with its
present envelope, need bear llttle relatwn to pb’srtron iin the
crust.” 3E

The lack of evidence for hybrrdlzatron in the relatlvely homo-
geneous tonalites and granodiorites, together with thelr large
volume and the presence of sharp contacts betWeen some of the
mtrusrve rrocks, suggest that these are primary rocks whlch
orrglnated mdependently and were mtrud as several drscrete
pulses. A similar orlgm has 'been postul ‘ed fo ‘the'rocks of the
Slerra‘ Nevada bathohth (Batema ~aﬁ ' 1967) ‘The
ting of the sialic
crust g‘the varlatron m r0ck types ben‘ig lue to | € heterogeneous
¢ of the crust (Carm1chael and others, 1074 p. 582) or
drﬁ'ermg water’ pressures at the times of generati on (Pitcher and
Berger, 1972 p. 347), or they may have been d=r1ved from the
mantle by a two-stage process as envxsage by trreen and ng—

» wood (1968) and Taylor ( 1969)

IX. ALKALI-GRANITE

. L. Field relattons R

- Alkali-granite has only been recorded in a group of nunataks
at the head of Fleming Glacier (E.3247). It is a red granite with
quartz-filled vugs. The granite is intruded by basic dykes.

2. Petrography

This coarse-grained gramte is composed mamly of microper-
thite, quartz, pleochroic yellow-green: aegerine (a:c = 10°) and
dark:blue pleochroic riebeckite (large 2Va; o:c = 20°); the latter
two: minerals form broken laths. The microperthite crystals are
coarse patch types and the plagioclase : potash feldspar ratio
varies a great deal from one crystal to another, antiperthites,
mesoperthites: and perthites being represented.. Intergranular
albite is. common between the microperthite crystals.

3. Geochemistry

The alkali-granite pluton is exposed extensively at the head of
Fleming Glacier. Its high' alkali-feldspar content and the
presence of riebeckite and aegerine indicate its alkaline affinities
and this is verified by its low alumina content, high alkalis and
the occurrence of acmite and sodium silicate in the ‘norm.
Although the. granite plots close to some of the adamellitesin the
Q-Ab-Or diagram (Fig. 30), implying a magmatic origin, it
differs substantially from the adamellites in its chemistry. The
most striking differences are the lower alumina, the higher
manganese and higher zirconium of the granite, but yttrium,
gallium, niobium and lead are significantly higher in the granite
and it is depleted in strontium and barium, features which are

typical of alkali—granites (Bowden and Turner, 1974, p. 337;
Gerasimovsky, 1974, 'p. 402). The significant differences
between ‘the granite and adamellrte suggest that they are not
genetically related.

Although -alkali-granites are relatlvely rare in the Antarctic
Peninsula; they have been recorded at ‘a:few localities. Marsh
(1968, p: 180) described an alkali-granite ' containing : ferro-
hastingsite from the Foyn Coast; this he suggested had formed
by fractionation from-alkali‘gabbro whlch is present in the area.
Goldring (1962) also described an alkall—granrte contammg
aegerine-augite and riebeckite which' was thought to ‘have
formed by the differentiation of a granodiorite magma.
Intrusions of alkali-granite have also ‘been recorded from the
Falliéres Coast (personal communication from R. B. Wyeth).

The' lack of intermediate ‘and basi¢c rocks having alkaline
affinities makes it unlikely that the granite has formed by
fractional ‘crystallization. Two theories have been put forward to
explain the alkali-granites of Nigeria. Balley and Schairer (1966)
suggested that a peralkahne ‘magma ‘was generated within a
basic lower crust or upper mantle and was contammated during
its ascent to yield the metaluminous' and peralummous rocks.
Bowden (1970), however, suggested. that the peralkahne magma
formed in' the upper crust from Precambrran basement rocks of

“charnockitic” ' composition which on ' further progressive
melting and cooling yielded metalumrnous and peraluminous
rocks. Brown and Bowden (1973) have shown experimentally
that the metalummous and peralummous rocks can be formed
by partial melting of such a crust and they suggested that, if
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volatile alkali-rich vapours from the lower crust or upper mantle
initiated the partial melting, peralkahne liquids * could be
generated at low temperatures from a non-peralkaline
charnockitic monzonite source. ‘

Charnockitic rocks have not been recorded from the meta-
morphic complex of the Antarctic Peninsula and therefore the
former theory is more apphcable to northern Palmer Land. In
addition, Bailey (1974 p. 441), in his investigations on anatectic

alkaline magmas, concluded that alkaline felsic magmas are
generated on a: large scale by parual melting in the deeper crust,
a release of pressure at depth leading to an influx of volatiles and
mobile elements from the underlymg mantle and giving the
magma its alkaline character. ‘

As alkaline rocks are found mainly in tectomcally stable
regions of the crust (Sgrensen, 1974, p. 145), it is likely that this
gramte is the youngest plutonic rock in northern Palmer Land.

X.HYPABYSSAL ROQK;S |

AcID, intermediate and basic dykes are commonly observed in
all the rock units. However, as the stratigraphy of the main rock
units is uncertain, it is especially difficult to resolve the position
“of the various suites of dykes. Schistose dykes, intruding rocks
of the metamorphic complex and described with the latter, occur
alongside undeformed dykes at. station E.3291. At station
KG.1200, basic dykes are cut by apophyses from the Andean
plutomc rocks and therefore some of the basic dykes are
,younger. than the volcamc rocks but older than the Andean
plutonic rocks.

Despite the above ﬁeld ev1dence, no general criteria for dis-
tinguishing dykes of different ages have been recognized.

A, 'PETROGRAPHY

1. Microgabbros

Microgabbro dykes cut the pre-volcanic adamellite at Mount
Charity and the Upper Jurassic volcanic rocks at stations
KG.1200 and 1216; at station KG.1200, some of the basic
dykes which intrude the volcanic rocks are cut by apophyses
from the nearby Andean pluton. The microgabbros are
porphyritic with large plagioclase laths (up to 1 cm long) which
may be normally zoned (Ang,_s,) and altered to sericite or larger
flakes of muscovite (Fig. 32). Colourless clmopyroxene
(y:c =41°; large 2Vy) forms a few large phenocrysts but it is
usually found as smaller interstitial grains; it has been altered to
one or more of the following: hornblende, tremolite-actinolite,
chlorite or calcite. The matrices of these rocks are mostly of
plagioclase microlites, associated with pyroxene, chlorite,
calcite, ilmenite (altered to leucoxene) and sphene.

2. Microdiorites

Microdiorite dykes intrude acid gneisses at station E.3291,
pre-volcanic adamellite at station E.3624, and the Mount
Charity sedimentary rocks. In specimens E. 3250.1 and 3624.4
the laths of andesine, which are sometimes normally zoned
(An,,_,,), are altered to sericite, chlorite and biotite. Small
remnants of original clinopyroxene are in evidence amongst
their alteration products, mainly tremolite-actinolite and pale
green chlorite. Clots and streaks of brown biotite forming a
decussate texture are present in specimen E.3250. 1, indicating
that contact ‘metamorphism by ' later - intrusions has been
effective.

Specimen E.3291.1 is a porphyritic rock containing euhedral
or subhedral prisms of hornblende and clinopyroxene
(y:c =46°) in an altered microlitic and iron ore-rich ground-

‘ e.“’=red mlcrodlonte con-
s the Mount Charity
ederffor the overlying

mass. Specrmen E 3623 1 is from :
taining quartz—ﬁlled Ves1cles which int
sedimentary rocks and is probably a fe
volcanic rocks.

3. Hornblende-microdiorite ‘

This rock is almost wholly formed of euhedral or subhedral
prisms of hornblende which is pleochroic from pale brown to
green. Quartz, feldspar, iron ore, chlorite, epidote and calcite are
the mterstltral minerals; the last forms poikilitic crystals around
the hornblende

4. Altered bas:c and intermediate dykes

Most of these dykes (KG.1201.8, 1202.2, 1208.3, 1213 6 and
1216.4) intrude volcanic rocks but specimen KG.1219.1 is from
a dyke intruding miet]amorphicj rocks in the Mica Islands, and
specimen KG.1220.3 is from a dyke intruding porphyritic
granodiorite at Brindle Cliffs. All these altered rocks occur in the
Mount Edgell area where most of the Upper Jurassic volcanic
rocks are situated. Both porphyritic and equigranular rocks are
represented and all are characterized by plagroclase which has
been extremely altered to albite, sericite, epidote, chlorite or iron
ore. Their matnces comprise similar minerals and quartz.
Specimen KG 1213.6 has mdrvrdual phenocrysts and glomero-
porphyntlc aggregates of pale green pleochrorc tremolite-actino-
lite as well as plagroclase, the former are probably . pseudo-
morphs ; after pyroxene

5. Microgranodiorites ' ‘

These are porphyritic rocks which intrude the gabbros, the
diorite, the porphyritic granodiorite (E.4239) and volcanic tuffs
(E.3243). The commonest phenocrysts are of acid plagroclase,
which has been intensely altered to calcite, sericite or epidote.
Embayed quartz, hornblende (partrally altered to chlorite) and
pseudomorphs of chlorite and iron ore replacing biotite are the
other phenocrystxc phases present. The groundmass' of these
dykes isi composed mainly of ﬁn‘eagrained quartz and feldspar.

6. Mzcro—adamellztes

The m1cro—adamelhtes are more equigranular and coarser-
grained than the other acid dykes and their textures resemble
more closely those of the plutonic rocks which they intrude. At
stations KG.1206, 1222 and E.3241 they intrude tonalites but at
station E.3278.1 a micro-adamellite dyke intrudes granodiorite.
Microscopically, they consist of laths of acid plagioclase (albite-
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Fioure 32

Muscovite fMakes in optical continuity replacing fractured
plagioclase in a microgabbro dyke. (E3618.3; X-nicols; = 140)

oligoclase), up to 4 mm in length, normally zoned and altered to
sericite, caleite or epidote, and interstitial cloudy potash feld-
spar and quartz; the latter form graphic intergrowths in
specimen KG.1222.1. Mafic phases include brown biotite,
extensively altered to chlorite, and green hornblende erystals.
Secondary clots of brown biotite similar to those described in
microdiorite specimen E.3250.1, occur in specimen KG.1222.1.

The granulated quartz with an undulose extinction and the
microcline of the groundmass of specimen E.3278.1 suggest that
it was forcibly intruded into the undeformed host granodiorite.

7. Microgranites

Microgranite dvkes intrude the Upper Jurassic volcanic rocks
at stations E.3244 and 3248. Specimen E.3248.6 is a quartz-
microperthite-plagioclase-porphyry, the phenocrysts of which
are set in a devitrified flow-banded matrix. The plagioclase
phenocrysts are albite-oligoclase and these are rare in compar-
ison with the patch microperthite and embaved gquartz,
Specimen E.3244.3 is a more altered microperthite-plagioclase-
porphyry which does not contain phenocrystic quartz.

B. GEOCHEMISTRY

As only a limited number of greenschist dykes, metavolcanic
rocks and Upper Jurassic lavas have been analysed, their geo-
chemistry will be discussed here.

Whilst most of the hypabyssal rocks (Table XI) plot in the
same field as the plutonic rocks on the (Fe”+Fe" —Alk—Mg
diagram (Fig. 33), many of the basic dykes are more iron- or
magnesium-rich, the former type being mainly the greenschist
dykes and the metavolcanic rocks. The unmetamorphosed
dyvkes, therefore, show a weak iron-enrichment trend. On the
{(Fe"+Fe"\—Alk—Mg diagram (Fig. 33) there is a gap between
the acid rocks and the basic and intermediate types, and this
bimodal distribution is emphasized on the plot of magnesium
against nickel (Fig. 34), implying that the two groups are not
genetically related. The two acid Upper Jurassic voleanic rocks

Fe® +Fe™

Alk Mg
FlGaure 33

Triangular variation diagram plotted on the coordinates (Fe"+ Fe"' )—Alk—Mg

for hypabyssal rocks, Upper Jurassic lavas, greenschist dvkes and meta-

voleanic rocks. The dashed line delineates the main concentration of plutonic

rocks.
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Microdiorte.

Hornblende-microdiorite.

Altered basic and intermediate hypabyssal rocks.

Microgranodiorites,

Micro-adamellites,
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Mg—Mi wvariation diagram for hypabyssal rocks, Upper Jurassic lavas,
greenschist dyvkes and metavoleanic rocks with over 1 ppm nickel.
The symbols are the same as in Fig. 33.




TaAsLE X1
CHEMICAL ANALYSES OF HYPABYSSAL ROCKS FROM NORTHERN PALMER LAND

1 2 3 4 5 6 7 - 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 A4 25 26
SiO, 44.08 45.11 49.41 53.54 52.11 55.10 55.95 49.37 46.70 50.48 51.37 52.05 54.33 55.17 56.95 62.83 66.01 66.81 71.92 64.41 70.11 70.47 70.90 74.90 73.13 75.43
TiO, 0.26 0.28 0.61 0.77 1.09 0.81 1.44 0.84 0.90 1.23 1.31 0.75 1.16 0.52 0.61 0.53 0.36 0.43 0.24 0.50 0.34 0.14 0.36 0.15 0.28 0.12
AlLO, 19.63 17.23 19.17 16.40 14.91 13.66 11.72 9.60 13.66 14.31 16.46 12.78 14.54 17.713 22.02 18.59 16.23 17.25 13.91 18.30 15.22 16.90 15.68 14 .48 13.88 13.57
Fe O, 3.24 3.87 4.69 3.69 4.82 3.69 4.85 5.42 5.66 4.20 4.25 4.51 3.01 3.25 1.93 2.50 1.89 0.96 0.20 1.43 1.23 0.61 1.64 0.26 1.36 0.45
FeO 3.62 5.67 3.11 4.46 4.38 4.00 4.90 6.14 6.41 7.58 5.02 4.13 6.94 4.54 3.09 1.38 1.88 1.91 1.64 1.01 1.02 1.53 1.07 0.23 0.40 0.26
MnO 0.10 0.19 0.13 0.16 0.20 0.18 0.19 0.24 0.28 0.24 0.30 0.23 0.16 0.21 0.21 0.18 0.08 0.16 0.05 0.04 0.07 0.02 0.04 0.01 0.07 0.11
MgO 10.29 11.96 5.86 5.91 8.15 4.21 3.15 13.10 14.05 8.01 6.66 12.45 6.71 3.32 1.52 1.25 | 1.43 0.75 0.40 0.75 0.87 0.30 0.92 0.30 0.35 0.28
Cao 10.66 10.15 9.73 7.86 7.79 6.52 6.07 11.12 4.40 6.26 7.37 7.70 4.93 5.09 5.63 2.86 3.23 2.57 1.60 2.50 2.28 2.18 2.53 1.23 0.76 0.61
Na,O 0.67 0.85 2.03 2.58 2.42 3.65 2.95 1.97 1.61 2.66 3.17 2.74 3.1 4.56 3.33 5.72 4.18 3.30 3.74 4.63 3.712 5.15 3.98 4.14 522 1.93
K,0 0.11 1.34 0.28 1.04 1.85 2.30 2.51 0.65 3.19 0.82 1.20 1.17 1.42 0.90 3.05 3.05 2.76 4.58 4.81 5.55 4.24 3.09 3.1 4.08 3.70 7.29
P,05 0.03 0.03 0.20 0.18 0.33 0.19 0.30 - 0.22 0.13 0.24 0.34 0.18 0.25 0.42 1 0.20 0.27 0.12 0.11 0.03 0.09 0.06 0.04 0.06 0.03 0.05 0.01
H,0+ 2.24 2.32 1.05 1.53 0.51 0.96 1.1 1.08 2.10 1.72 0.96 1.96 0.71 1.29 0.98 0.51 1.21 0.50 0.15 0.21 0.07 0.16 0.21 0.12 0.08 0.15
H,0— 0.44 0.40 0.38 0.46 0.56 0.28 0.24 0.22 022 0.60 0.36 0.48 0.30 0.60 0.28 0.28 0.14 0.48 0.40 0.30 0.26 0.16 0.14 0.28 0.32 0.22
TorAL 95.37 99.40 96.65 98.58 99.12 96.08 95.38 99.97 99.31 98.36 98.77 101.13 98.17 97.60 99.80 99.94 99.52 99.81 100.54 99.70 99.98 100.75  101.24 98.22 99.55 100.54
ELEMENT PERCENTAGES LESS TOTAL WATER
Sit+ 22.23 21.81 24.26 25.91 24.85 27.16 29.28 23.39 22.51 24.58 24.65 24.66 26.14 26.95 27.02 29.62 31.43 31.60 34.12 30.35 33.08 32.80 32.85 35.08 34.46 35.24
Tit+ 0.17 0.17 0.38 0.48 0.67 0.51 0.97 0.51 0.56 0.77 0.81 0.46 0.72 0.33 0.37 0.32 0.22 0.26 0.15 0.30 0.21 0.08 0.21 0.09 0.17 0.07
AP+ 11.21 9.43 10.65 8.99 8.05 7.62 6.94 5.15 7.45 7.89 8.94 6.85 7.92 9.80 11.83 9.92 8.75 9.24 7.47 9.76 8.13 8.91 8.22 7.68 7.40 7.18
Fe?+ 2.4 2.80 3.4 2.67 3.4 2.712 3.80 3.84 4.08 3.06 3.05 3.20 2.17 2.37 1.37 1.76 1.35 0.68 0.14 1.01 0.87 0.42 1.14 0.18 0.96 0.31
Fet* 3.04 4.56 2.54 3.59 3.47 3.28 0.17 4.84 5.14 6.14 4.00 3.25 5.55 3.69 2.44 1.08 1.49 1.50 1.29 0.79 0.80 1.18 0.82 0.18 0.31 0.20
Mn?+ 0.08 0.15 0.11 0.13 0.16 0.15 0.16 0.19 0.22 0.19 0.24 0.18 0.13 0.17 0.17 0.14 0.06 0.13 0.04 0.03 0.05 0.02 0.03 0.01 0.05 0.09
Mg+ 6.70 7.46 3.1 3.69 5.01 3.01 3.13 8.01 8.74 5.03 4.12 7.61 4.17 2.09 0.93 0.76 0.88 0.46 0.24 ‘ 0.46 0.53 0.18 0.55 0.18 0.21 0.17
Ca?+ 8.22 7.50 7.30 5.82 5.68 4.91 4.86 8.05 3.24 4.66 5.41 5.58 3.63 3.8 4.08 2.06 2.35 1.86 1.16 1.80 1.59 1.55 1.79 0.88 0.55 0.4
Na+ 0.54 0.65 1.58 1.98 1.83 2.86 2.45 1.48 1.23 2.06 2.41 2.06 2.83 3.53 2.51 4.28 3.16 2.48 2.82 3.46 2.79 3.8 2.93 3.08 3.9 1.43
K+ 0.10 1.15 0.24 0.89 1.57 2.01 2.33 0.55 2.73 0.71 1.02 0.98 1.21 0.78 2.57 2.55 2.33 3.85 4.05 4.64 3.55 2.55 3.05 3.39 3.10 6.05
P+ 0.01 0.01 0.09 0.08 0.15 0.09 0.15 0.10 0.06 0.11 0.15 0.08 0.11 0.19 0.09 0.12 0.05 0.05 0.01 0.04 0.03 0.02 0.03 0.01 0.02 -
02~ 45.26 44.29 45.68 45.77 45.14 45.67 46.76 43.89 44.04 44.82 45.20 45.10 45.43 46.29 46.63 47.38 47.92 47.90 48.50 47.35 48.38 48.48 48.37 49.24 48.85 48.82
Position :
(1/3 Si+K) —6.88 —6.34 —2.57 +0.01 —0.84 - +2.96 +4.55 —-17.63 —-1.71 —0.77 —0.30 —3.94 +2.06 +3.69 +6.45 +9.51 +9.39  +11.91 +13.80 +12.39 +412.33 +11.79 +11.75 +13.98 +13.70 +17.18
—(Ca+Mg)
' C.LP.W. NORMS
Q 0.51 - 8.32 9.42 4.46 7.00 17.75 - - 4.32 3.26 - 4.48 8.38 10.59 10.48 21.92 22.80 27.12 9.86 26.31 22.40 26.51 32.16 26.69 34.40
- - - - - - - - - - - - - 0.93 3.44 1.15 0.62 2.36 - 0.21 0.58 1.04 0.57 1.02 - 1.35
- - 0.02 0.03 0.03 0.03 0.05 0.02 - 0.02 0.04 - 0.03 0.03 0.03 0.07 0.02 0.05 0.04 0.11 0.04 0.02 0.04 0.02 0.06 0.02
or 0.70 8.18 1.74 6.36 11.14 14.36 16.62 3.88 19.44 5.04 7.27 6.99 8.63 5.55 18.27 18.18 16.63 27.40 28.86 33.06 25.33 18.16 21.76 24.14 22.05 43.10
ab 6.11 7.43 18.02 22.58 20.86 32.51 27.91 16.85 14.03 23.42 27.49 23.44 32.28 40.27 28.57 48.72 35.98 28.22 32.09 39.42 31.74 43.34 33.35 35.07 44 .48 16.31
an 54.17 40.55 44 44 31.13 24.81 14.82 12.65 15.60 21.22 25.69 27.81 19.33 19.36 23.83 27.25 13.00 15.95 12.46 7.04 12.25 10.80 10.95 12.24 6.11 3.52 .
di 2.24 9.09  4.11 6.63 10.07 14.61 11.85 30.82 0.45 4.20 6.19 14.46 3.47 = - - - - 0.89 - - - - - 0.12 -
hy 30.60 14 .40 14.51 16.37 18.62 8.91 | 3.28 18.23 14.87 27.95 18.26 25.94 24.37 14.04 7.35 3.13 5.09- 4.21 3.13 1.88 2.61 2.84 2.36 0.75 0.82 0.81
ol - 13.87 - - - = - 4.29 19.38 - - 1.21 - - - - - - - - - - _ - - _
mt 5.07 5.80 7.13 5.53 7.12 5.63 - 7.94 8.45 6.34 6.32 6.61 4.49 4.92 2.84 3.52 2.719 1.41 0.29 1.95 1.80 0.88 2.36 0.34 0.7 0.65
cm - 0.04 - - - 0.05 - 0.23 0.08 - - 0.11 0.02 - = - - - - - - - - - - _
il 0.53 0.55 1.22 1.51 2.11 1.62 0.90 1.61 1.76 2.43 2.55 1.44 2.27 1.03 1.17 1.01 0.70 0.83 0.46 0.96 0.65 0.26 0.68 0.29 0.54 0.23
hm - - - - - - 5.42 - - - - - - - - 0.09 - - - 1.10 - - - 0.03 0.88 -
tn - - - - - - 2.78 - - - - - - - - - - - - - - - - - - -
ap 0.08 0.07 0.50 0.44 0.80 0.47 0.7 0.53 0.32 0.59 0.82 0.43 0.61 1.04 0.48 0.64 0.29 0.26 0.07 0.21 0.14 0.09 0.14 0.07 0.12 0.02
TRACE ELEMENTS (ppm)
Cr 10 184 8 22 40 195 31 991 352 47 15 473 94 - - - 20 5 3 1 5 3 5 3 2 -
Ni 72 172 11 19 77 70 5 318 147 12 27 286 18 1 1 - 12 3 4 10 8 3 7 2 5 2
Ga 16 18 25 23 24 24 24 19 21 21 18 22 21 21 22 22 23 16 16 21 15 23 15 10 18 13
Rb 5 82 7 22 72 152 93 7 103 21 29 29 49 18 68 98 108 141 130 165 183 81 145 91 106 228
Sr 541 285 965 630 876 - 648 463 497 282 471 809 667 318 519 344 658 697 348 157 433 223 665 201 175 83 203
Y 5 4 12 19 16 15 35 13 5 13 26 13 17 19 28 20 9 9 6 13 20 3 23 7 24 13
Zr 20 12 73 125 142 115 216 76 59 90 166 91 134 129 170 328 100 228 181 535 172 88 184 108 301 95
Nb 1 2 4 5 8 9 11 3 4 2 7 4 5 2 6 15 7 9 10 17 3 6 6 6 16 15
Ba 67 237 432 503 553 726 733 191 464 253 581 327 27 748 703 1292 1052 839 842 1084 535 1215 649 664 960 408
La 8 8 19 22 34 20 35 27 11 15 29 15 22 29 34 56 20 38 36 25 59 13 28 17 45 33
Ce 8 8 34 36 54 46 64 30 12 22 47 28 43 53 35 87 32 52 52 38 47 22 41 30 69 58
Pb 10 10 9 37 44 28 35 20 25 55 104 10 10 24 15 30 34 58 21 15 34 45 21 27 19 102
Th - — 2 6 5 4 3 8 1 - 2 2 1 3 - 15 11 15 22 24 37 4 23 15 11 M4
ELEMENT RATIOS
K/Rb 200 140 343 405 218 132 251 786 265 338 352 338 247 433 378 260 216 273 312 281 194 315 377 KYK] 292 265
41.6 10.3 13.2 9.7 6.3 6.5 6.6 29 15.0 4.5 7.3 9.1 1.8
Ba/Rb 13.4 2.9 61.7 22.9 7.7 4.8 7.9 27.3 4.5 12.0 20.0 11.3 5.5
COORDINATES OF TRIANGULAR DIAGRAMS
Fe 42.8 443 51.9 48.8 45.1 43.2 36.4 46.4 4.1 54.1 48.3 37.7 48.5 48.6 38.8 27.3 30.8 4.3 16.8 17.4 19.5 19.7 23.1 5.2 15.0 6.3
Alk 5.0 10.8 15.8 22.4 22.2 35.1 44.0 10.8 18.1 16.3 23.5 17.8 25.4 34.6 51.7 655 '59.7 70.6 80.3 78.2 74.2 78.0 70.4 92.3 82.5 91.6
Mg 52.3 449 32.2 28.8 32.7 21.7 19.6 42.8 39.9 29.6 28.2 4.5 26.1 16.8 9.5 7.3 9.5 5.1 2.9 4.4 6.2 2.2 6.5 2.6 2.5 2.1
Qt * o * * . * * * * * * » * * * * * * 31.0 12.9 31.7 26.5 32.5 33.4 27.2 35.3
Ab * * * b4 * * * * * * * * * * * * * * 29.7 36.9 27.4 18.8 23.7 25.6 22.6 45.8
Or . * * * * * * * * * * * * * * * * * 39.3 50.2 40.9 54.6 43.8 40.9 50.3 18.8
* Not determined.
t Calculated from mesonorms.
1. KG.1216.2 Microgabbro; west of Mount Edgell. 10. KG.1202.2 Altered basic dyke; Rhyolite Islands. 19. E.4238.2 Microgranodiorite; head of Fleming Glacier.
2. E.3618.3 Microgabbro; north-eastern side of Mount Charity. 11. KG.1220.3 Altered basic dyke; Brindle Cliffs. 20. E.3241.2 Micro-adamellite; south of the Relay Hills.
3. KG.1200.3 Microgabbro; south of Mount Edgell. 12. KG.1213.6 Altered intermediate dyke; south of the Relay Hills. 21. KG.1206.6 Micro-adamellite; south-western side of Mount Edgell.
4. KG.1216.6 Microgabbro; west of Mount Edgell. 13. KG.1219.1 Altered intermediate dyke; Mica Islands. 22. E.3278.1 Micro-adamellite; west of Engel Peaks.
5. E.3250.1 Microdiorite; head of Fleming Glacier. 14. KG.1208.3 Altered intermediate dyke; south-west of Mount Edgell. 23. KG.1222.1 Micro-adamellite; Mount Guernsey.
6. E.3291.5 Microdiorite ; south-west of Mount Sullivan. 15. KG.1216.4 Altered intermediate dyke; west of Mount Edgell. 24. KG.1201.2 Micro-adamellite; mainland east of the Rhyolite Islands.
7. E36244 Microdiorite; south-western side of Mount Charity. 16. E.3243.3 Microgranodiorite; Garcie Peaks. 25. E.3244.3 Microgranite; Mount Leo.
8. E.3280.1 Hornblende-microdiorite; west of Engel Peaks. 17. E.32934 Microgranodiorite; north side of Mount Sullivan. 26. E.3248.6 Microgranite; head of Fleming Glacier. [face page 38
9. KG.1201.8 Altered basic dyke; mainland east of the Rhyolite Islands. 18. E4239.3 Microgranodiorite; south-east of Garcie Peaks.
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plot with the acid hypabyssal rocks, while the basalts are in the
basic group.

The lack of stratigraphical - guidelines  in the Antarctic
Peninsula, including the absence of radiometric dates, makes an
analysis of the dykes difficult. The basic and intermediate dykes
intrude all the other rock units but they seem to be most
numerous in the Upper Jurassic volcanic rocks: On the other
hand, the acid dykes seem to intrude mainly the plutonic rocks
and the Upper Jurassic volcanic rocks, implying a genetic
relationship with the acid plutonic rocks. These observations
may, however, be affected by a bias in samphng ‘The basic and
intermediate dykes commonly cut the acid plutonic rocks, sug-
gesting that they are not related to the older basic plutonic
rocks, but none of the dyke types is restricted to intruding only
one rock unit, e.g. microdiorites inf trude metamorphlc rocks, a
pre-volcanic pluton and the grani ite, which is! probably the
youngest plutomc rock. o

The iron enrichment shown by the unmetamorphosed basic
and intermediate dykes could be accounted for by differentia-
tion and such a scatter of points at the basic end of a calc-
alKaline trend could be attributed to cumulatlon (Nockolds and
Allen, 1953 Adle, 1955) The hornblende-microdiorite is
probably a cumulate but the other rocks do not have cumula-
tive textures: ‘The variation dlagram of potassium plotted against
rubldlum (Fig. 35) does not show the rubidium enrichment, and
the plots. of the /Bb and Ba/Rb ratios against the modified
Larsen factor (F1g 36) do|not show the gradual decrease which
would be expect " fractional crystalllzatlon was the main
process in the for ion ¢ of these rocks. In addition, there is a
cons1derable scatter on plots of aluminium, iron, magnesium,
manganese and titanium agamst the modified Larsen factor, and
this suggests that the basic and intermediate dykes belong to
several episodes of i 1ntrus1on which are not linked by differentia-
tion, although dlﬁ'erentlatlon may have mﬂuenced the composi-
tion of the 1nd1v1dual phases

—

K (%)

Rb (ppm)

FiIGURE 35
K-Rb variation diagram for hypabyssal rocks, Upper Jurassic lavas,
greenschist dykes and metavolcanic rocks. The lines show K/Rb ratios of 100,
200 and 400.
The symbols are the same as in Fig. 33.

v
R v
3 v <X
Na s a0t 4. a v %G
s 4's
A . o o
RL s A v
ae
i 1 1 i 1 1 1 i
[ ]
sof
a
Ba/Rb 30}
A
s o
4 a
x
. v a
10| 4 8 a v
° + + x
: o & [ N ®
° 1 1 i I)< \
Iy
700}
soof
 KIRD a
S | AA. %o 4 e.. X
300} . . Xx W
a a v v o v
+ + v X x
L] ° o
o0} ® +
1 1L 1 1 1 . 1 1
-6 -3 ) 3 12 B

6
(1/381+K}-(Mg+Ca)

FIGURE 36
Variation diagrams for the hypabyssal rocks, Upper Jurassic lavas, greenschist
dykes and metavolcanic rocks, showing Na, K/Rb and Ba/Rb plotted against
@ Si+K){(Ca+Mg).
The symbols are the same as in Fig, 33.

The altered nature of many of the basic and intermediate
dykes, and the metamorphism which has affected the green-
schist dykes and metavolcanic rocks, makes a comparison of the
various rock types difficult. However, Pearce and Cann (1973)
and Pearce (1975) have suggested that elements such as
titanium, zirconium and yttrium, which are least susceptible to
movement during alteration and metamorphlsm, can be used to
detect the original tectonic setting of basic rocks. In accordance
with Pearce and Cann’s (1973) scheme, the basic hypabyssal
and volcanic rocks and one gabbro (E 3293.1) have been
plotted, first on a Ti/100-Zr—Yx3 dlscnmmatlon diagram (F1g
37a) and, secondly, on a Ti-Zr dlagram (Fig. 37b). Bearing in
mind the limited number. of analyses and possible amblgultles
due to the method the Upper Jurassic volcach rocks and two of
the microgabbros are calc-alkahne‘ whereas the greenschist
dykes, the gabbro (E.3293.1) and metavolcc nic rocks are most
like ocean-floor basalts, although one of the dykes and one of
the lavas overlap the field of low—potassrwm tholeiites on the
Ti—Zr diagram, and one of the altered basic dykes is: calc-
alkaline while the others are “w1thm-plate” types. It is apparent
from this study that there was a significant change in the type of
magmatism between the emplacement of the metavolcanic
rocks, the gabbro (E.3293.1) and the greensehlst dykes, and the
formation of the calc-alkaline lavas and dykes Wthh are so
common on the western side of Palmer Land.

In the ‘acid hypabyssal rocks, the Ba/Rb ratio decreases
slrghtly with increasing modified Larsen factor, despite a scatter
of points, but the K/Rb ratio remains relatively constant (Fig.
36) and there is no rubidium enrichment relative to potassium
(Fig. 35), as would be expected if the dykes were formed by
differentiation. Therefore, it is probable that the acid dykes are
associated with the various phases of acid plutonic activity.
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FIGURE 37
The tectonic setting of the basic igneous rocks from northern Palmer Land
using the discrimination analysis method of Pearce.and Cann (1973).
All the analyses have been plotted in: Fig. 37a and those falling in ficlds A, B
and C have been re-plotted in Fig..37b. In Fig. 37a the following fields are
represented ocean-isiand or continental basalts (D), ocean-floor basalts (B),
low-potassium ‘tholeiites (A and B) ‘and calc-alkali basalts (C and B); in Fig.
37b ocean-floor basalts plot in fields D.and B, low-potassmm tholeiites in fields
A and B, and calc-alkali basalts in fields C: and B. .

) Coorq'mates of trtangular dzagrams and symbols

) Ti/100 : Zr . YX3
E.3618.3 | 15.5 19.1 65.5
KG.1216.2 | 22.9 51.4 257
KG.1216.6 || :17.9 54.8 274
KG.1200.3 | 204 - 564 23.2

| B Microgabbros

A Hornblende- ) .
microdiorite E.3280.1 | 23.8 42.5 33.6
KG.1201.8.| 25.9 316 425
A Altered basic KG.1202.2 | 325 444 23.1
dykes KG.1220.3 | 21.7 5L5 26.8
KG.1213.6 | 21.2 51.2 27.6

O Upper Jurassic KG.1212.5) 16.3 57.3 26.2
- Javas - KG.1212.9 | 18.0 63.4 18.6

[} Basxcmetalava’s ) E.3268.1 | 26.1 269 470
E.3276.1 25.4 41.2 334

O Greenschist E3291.6 | 267 = 293 440
dykes E3296.1 | 260 251 489

"+ Gabbro E.3293.1| 39.0 295 314
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FIGURE 38

A plot of normative quartz, albite and orthoclase for the hypabyssal rocks and
Upper Jurassic lavas which contain normative Q+Ab+0r > 80%.
The symbols are the same as in Fig. 33. The inner dashed line encloses 14%
and the outer hne 86%, of all the gramtes considered by Winkler (1974, fig.
18-11).
The solid line 1nd1cates the trend of the ternary minima and eutectics at water
pressures of between 0.5 and 10 kbar (Tuttle and Bowen, 1958; Luth and

others, 1964).

On the Q—Ab—Or diagram (Fig. 38) most of the acid dykes
with Q+Ab+Or > 80% plot close together in the field of normal
granites, one of the microgranites having been formed at con-
siderably higher water pressures, but the other microgranite
(E.3248.6) and two micro-adamellites (E.3241.2 and 3278.1) are
enriched in orthoclase. This microgranite is a two-feldspar
porphyry and it could be the product of differentiation of a
tholeiitic magma or the product of fusion (Carmichael, 1963),
the latter being the more likely in this case. The micro-adamel-
lites aré more equigranular rocks and specimen E.3241.2 was
found in close proximity to the potash-rich tonalite of station
E.3241. As in the tonalite, the adamellite contains potash feld-
spar in a corroding relationship to earlier formed crystals, which
could indicate a late-stage metasomatism, or it may have been
formed by fusion. The textural features of specimen E.3278.1
are obscured by the deformation but it probably formed by
fusion of potash-rich rocks in the metamorphic complex of this
area.
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XI. STRUCTURE

THE scattered nature of the outcrops and the frost-shattered
exposures limited the structural information which could be col-
lected in this area. No major folding was observed in the meta-
morphic complex east of the Etermty Range but the foliation in
the augen- and acid gneisses is consistent in its north—north—west
to south-south-east trend; this compares with the fold trend in
the metamorphic rocks of the Bowman and Wilkins Coasts
(Fraser and Grlmley, 1972). There is also a broad north—south
regional trend in' the metamorphlc rocks on the western side of
the Antarctic Peninsula—in the Mica Islands, on the mainland
east of the Rhyohte Islands and farther south (Rowe, 1973;

Skmner, 1973).

In the few localities where the beddmg is visible in the meta-
morphlc and metasedlmentary rocks, it is steeply dipping to the
west and the cleavage in these rocks has a relatively consistent
north-north-west to south-south-east trend, which is the same as
the  foliation in the metamorphxc rocks. This structural trend
differs from that farther north in the Bowman and Wilkins
Coasts, where the second generation of folding affecting all the
rocks is west-north-west to east-south-east (Fraser and Grrmley,
1972).

The Upper Jurassic volcamc rocks are relauvely undeformed
and no folding was observed However, in Alexander Island,
rocks of a similar age and the overlying Cretaceous sediments

have suffered two phases of gentle folding, possibly during the '

early Tertxary (Bell 1974a) and these events are probably ‘also

represented ‘in Palmer Land. This relatively gentle folding in
western Palmer Land contrasts markedly with the severe folding
in the Upper Jurassic volcanic ‘and sedimentary rocks: of ithe
Lassiter Coast, on the eastern side of the Antarcttc Peninsula
(Wllhams and others, 1971)

The presence of faults is difficult to prove in the Antarctlc
Peninsula, because glaciers erode along and cover fault lines,
and because ‘of ‘the lack of stratlgraphlcal indicators. The most
conspicuous feature probably due to faulting is George VI
Sound; this has been considered by some authors to be a rift
valley'(Adie, 1964; ng, 1964; Bell, 1974a) but Horne'(1967)
has suggested that the western side was | formed by west-to-east
thrustmg

The relationship between the metavolcamc and metasedr—
mentary rocks and the main outcrop of the metamorphic
complex was not observed, but the consistent westerly dip of the
metavolcanic rocks towards the metamorphic. complex suggests
that a faulted boundary is present. Such a fault could be
responsible for the cataclasis in the metavolcanic: and metasedl—
mentary rocks, as in Alexander Island, where Bell (1974b) sug-
gested that a major. north—south-trendmg stnke—shp fault zone at
least 50 km wide caused extreme cataclasis in the (?) Carbom—
ferous rocks.

Extensive block faulting during the Tertrary is thought to have
been responsible for the present physiography of the Antarctic
Peninsula (Linton, 1964)

XII. CONCLUSIONS AND REGIONAL CORRELATIONS

AN attempt will be made here to summarize and expand on the

conclusions and regional correlations given previously.
" In the western part of this area the metamorphic complex is
represented by relatively small exposures of quartz-mica-
feldspar—gamet-gnelsses and schists but east of the Eternity
Range there is a more extensive north-south-trending belt of
metamorphlc rocks cropping out between the younger plutonic
rocks and the small exposures of the metavolcamc and meta—
sedlmentary rocks

Here, the sequence, from oldest to youngest, appears to be
biotite-gneisses, augen-gneisses, amphibolites, acid gneisses, and
schists and greenschist dykes. The schists, which were probably
originally quartz- plagloolase-porphyrles, ‘and the greenschist
dykes were probably associated with the period of volcanicity of
the metavolcanic and metasedlmentary rocks. The Engel Peaks
granite crops out some distance east of the main metamorphic
complex and this is overlain by the basal breccia beneath the
metavolcanic and metasedlmentary rocks.

From the petrography and geochemlstry of the metamorphnc
rocks, it is' suggested that the bloute—gnelsses are paragneisses
and that the augen-gneisses, acid gneisses (both orthogneisses)
and the Engel Peaks granite are the products of partial melting

at different water pressures, their potash-rich nature being due to
a metasomatic replacement of plagioclase by microcline.

Metasomatism may have occurred during three distinct
eplsodes to allow the growth of potash-feldspar porphyroblasts
in the blotxte-gnelsses, amphibolites and schists. Furthermore,
assuming 'that the SChlStS belong to the same period of
volcamclty as the metavolcamc and metasedimentary rocks,
some of the ac1d gneisses may be younger than them. It is sug-
gested that three periods of metamorphism have affected these
rocks, the first and hlghest belonging to the almandme—amphr-
bolite facies.

Although it is 1mposs1b1e to correlate the metamorphic rocks
occurring in the various parts of the Antarctic Peninsula, certain
similarities and contrasts are significant. The metamorphic rocks
mapped in southern Graham Land and Palmer Land are mainly
orthognexsses (Hoskins, 1963; Rowe, 1973; Skmner 1973) and,
although metamorphic indicators are rare; there is general agree-

~ment that the rocks have been metamorphosed to at least the

almandine-amphibolite facies. In addition, Fraser and Grimley
(1972) recorded a regional alkali metasomatism in the meta-
morphic rocks of the Bowman and Wilkins Coasts.

‘In the northern part of the Antarctic Peninsula, a meta-
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morphic - belt comprising mainly paraschists extends: from
Elephant Island to Livingston Island (Adie, 1964; Dalziel and
Elliot, 1973) and on the eastern side of Graham Land, Stubbs
(1968) described a metamorphic complex of orthogneisses and
paragneisses, Smellie and Clarkson (1975) have suggested that
these two areas of metamorphic rocks form a paired meta-
morphic belt, the western member having suffered: hlgh-
pressure-low-temperature metamorphlsm and the eastern one
having been formed under hrgh-temperature—low-pressure
conditions; the formation of this belt has been ascribed to west-
to-east subduction under an 1sland arc or a continental margm
probably before the Jurassic. o

The metavolcamc and metasedrmentary rocks occur m small
scattered exposures bordermg the metamorp}nc complex east of
the Eternity Range. The base of the sequence isa breccia over-
lying the Engel Peaks granite and above this are metabasalts,
sheared ' andesites, - dacites, . quartz—keratophyres . metasedi-
mentary rocks and greenstones. These rocks have retained their
original character but they have been extens1vely sheared and'
metamorphosed to the greenschist facres ,

On the basis of the evidence given prevrously, the meta-
volcanic and metasedimentary rocks have been correlated with
the keratophyres of the Wilkins and Bowman Coasts (Fraser
and Grimley, 1972 and the Trinity Penmsula Series rather than
with the late Jurassic deformed. sedlmentary and volcamc rocks
of the Lassiter Coast.

The Trinity Peninsula Series in the northern part of the‘
Antarctic Peninsula Las been well documented (Adie, 1957;
Elliot, 1965, 1966) but farther south, where typrcal exposures
are absent, it has been- suggested that it is represented by!
quartzo- feldspathlc schists (Elliot, 1966) and biotite-gneisses.
(Stubbs, 1968). However, in the former case, Grikurov (1971)
considered that these rocks belonged to the “Precambrian

Complex”. In the Bowman and Wilkins Coasts, Fraser and -

Grimley (1972) explalned the higher metamorphic grade in the
rocks, comparable in age to that of the Trinity Peninsula Series,
to the deeper structural level exposed on the upthrow side of the
major fault system in Mobﬂorl Inlet.

In contrast, the metavolcanlc and metasedimentary rocks east
of the Eternity. Range are d1st1nct in appearance from the meta-
morphic complex rocks, and the fact that they. are petro-
graphrcally and henncally sumlar to the greensch1st dykes
indicates that they, are younger than most of the rocks in the
metamorphlc sequence . The mnted geochemical data avaulable;1
for these rocks uggest that the metabasalts and the greenschx st
© dykes, from tamorphrc complex, are not calc alkahne like

the: Upper Jurassic avas but resemble ocean—ﬁoor basalts, andf:’

this could inc e sence of an ancient marginal basin. .

There is, consrderably more 1nformat10n avarlable on. the
Upper Jurassw volcanic rocks compared with the rock _groups,
prevrously conmdered In northern Palmer Land, this umt com-
prises. volcanic brecc1as and tuffs w1th subsrdlary basalt rhyohte

and dacite lavas; and sedlmentary rocks.. Although there is, noi'r
direct | evxderce of then,age in this area, similar rocks on|
homson, 197”) and at Carse Point on the

Adelarde Isla
eastern side
foss1ls of an pp
believed to have 'spanned a longer tlme mterval than the: Upper
“ and others, 1979).

The geochermstry of the lavas mdrcates that they are calc—
alkaline rocks and that ithe basalts resemble island-arc types

rge: VI Sound (Thomson, 1975a) contam

~ Formation of ‘Alexander Island), a back-arc

urassrc age but the] perrod of volcamcrty is

- (Jakes and White, 1972). The dacite and andesite lavas analysed

were not derived by the differentiation of a basic - magma but
were formed by fusion of pre-existing rocks or by the mixing of
magmas and/or assimilation.

The Upper Jurassic volcanic rocks are associated with marine

. sediments ‘on_ Adelaide Island (Thomson, 1972) and at Carse

Point (Thomson, 1975a) but in northern Palmer Land it is not
certain whether the rare sedrmentary honzons at the base of,
and 1ntercalated with the volcanic rocks, are marine. Clearly,
most:of the volcamc rocks were extruded subaerrally on to an
eroded surface of metamorphrc and plutomc rocks. o
There is some difference of opinion! regarding tthe »;tecto,mc
settmg of the Antarctic Pemnsula uring the Mesozoic. Katz
(19’73) beheved that the orogenic belts of South America and the
Antarctic Pemnsula are not related, the latter being an intra-con-
tinental feature containing localized partly fault-bounded basins
Wthh became filled  with molasse-type gterrestrlal and shallow-
water .marine sedlments -The Eos_ _ Bluff Formation of
Alexander Island is thought to- have been deposrted under such
conditions. =
'On 'the other hand, Suarez (1976) consrdered that the
Antarctic Pemnsula was probably an island arc and he has cor-
related the tectono-stratlgraphlc units | recogmzed in: Palmer
Land and Alexander Island with 51m11ar un1ts in South America.
These units are: an ensialic arc, (Upper Jurassic :Volcanic
Group), fore-arc' or intra-arc marine deposrts (Fossil Bluff

(Crabeater Point sediments and’ Latady Formatron of the
Lassrter Coast) and a possible trench assemblage (the deformed
(?) Carboniferous sediments of Alexander Island).

The limited geochemical evidence suggests that the latter
interpretatton is the correct one. However, both theories invoke
a subduction zone to account for the Upper Jurassic volcanic
rocks but there is insufficient geochemical information available
for Palmer Land to test whether the potash content of the
volcanic rocks increases across the arc, and so to detect the
posrtron and ortentatton of subduction at that time (Dickinson,
1970). Field work in progress in Alexander Tsland may confirm
the suggestion that the (?) Carboniferous rocks are in fact trench
deposits.

In common with Upper Jurassrc—Lower Cretaceous
sequences in other parts of Palmer Land (Rowe, 1973) and
Alexander Island (Elliott, 1974), these volcamc rocks have
suﬂ‘ered low-grade _regional metamorphtsm o the
prehnrte—pumpellyrte facies. S

B plutomc rocks are by far subordlnate to thetonahtes,
grano: rites, adamelhtes and alkali-granite in northern Palmer
Land, and it is suggested, on the basrs of the ﬁeld ev1dence,
petrography and geochemistry, that the main rock types formed
1ndependenty and were 1ntruded as several discrete. phases. The
processes oF metasomattsm, hybrldlzatlon and dlﬁ'ere ntlatlon,
7‘ly active in the formation of these rocks, are con-
ave played a Subsldlary role It has not. been pos-

lize plutomc rocks of| dlﬂ'erent ages on the basis of

‘and the ¢ em1~a1 crrterla West (1974) used to

erentiate between ‘the post— and pre—volcamc plutomc rocks in
the ‘Danco Coast are not valid in this area.,

It is difficult to be sure of the plutonic h1story of the Antarctic
Penin sula because very few radrometrlc dates are avarlable and
ge ,t,e‘ cal 1nformat10n is of a, limi extent Since the
Antarctic Pemnsula is part of the ci Lurn:]E’;aclﬁc orogemc belt it




THE GEOLOGY OF PART OF NORTHERN PALMER LAND 43

is reasonable to draw analogies with the Pacific margins of both
North and South America. Dickinson (1970) has maintained
that in North  America the intrusive episodes were broadly con-
temporaneous  throughout large segments of the orogenic belt
and that each episode was confined to a rather narrow curvi-
linear belt, but Lanphere and Reed (1973) did not agree that the
time intervals between-the intrusive episodes and their' duration
were as established as this. -

The information for South America is also contradictory.

Farrar and others (1970). considered that the foci of granitic

intrusion have migrated eastward in northern Chile, from the
present coastal region in the Lower Jurassic to 120 km inland in
the Upper Eocene. Stewart and others (1974), in their study of
the batholiths of the Western Cordillera of Peru, found a con-
tinuous spectrum of ages from 100 to 10 Ma with no gaps
longer than 10 Ma but they have suggested the possibility of a
north-eastward migration of magmatic foci across the Coastal
Batholith. However, no such migration was recorded by
Halpern (1973) in southern Chile.

In North America, mineralogical and compositional changes
have been recognized across several batholiths. Moore (1959)
drew a quartz-diorite line separatlng quartz-dioritic rocks in the
west from quartz—monzomtlc types farther east; this
mineralogical variation is mainly due to an eastward increase in
potash content (Dickinson, 1970). Furthermore, the composi-

tional variation in the plutonic rocks, like that in the andesitic
volcanic rocks, is thought to be related to a palaeoseismic zone,
although the exact method of: their formation is uncertain
(Dickinson, 1970).. In addition, it has been suggested. by
Hamilton (1969) that the Cordillera batholiths of Peru are
closely related to the andesitic volcanoes.

Up to the present time the geological work carried out in the
Antarctic Peninsula has béen systematic and, consequently, to
obtain a regional picture and to test such suggestions as the
existence of a quartz-diorite line (Williams and others, 1971), the
hypothesis that the (?) Palaeozoic plutonic rocks of Marguerite
Bay were the roots of the Mesozoic volcanoes (Dalziel and
others, 1975) and the nature of subduction in the Mesozoic
(Katz, 1973; Suarez, 1976), the quantity of geochemical
information will have to be considerably increased and related to
a comprehensive radiometric dating survey.

Several types of acid to basic hypabyssal rocks have been
recorded but it has not been possible to separate the phases of
different ages. Many of the dykes intrude and are associated
with the Upper Jurassic volcanic rocks but some of them must
be much younger as many of the acid plutons contain basic
dykes. It is suggested that the acid dykes were formed inde-
pendently of the basic types and many are probably apophyses
of the numerous acid plutonic rocks.
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