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ABSTRACT

A5 a result of a recent petrographic and geochemical re-investigation of the Andean granite-gabbro intru-
sive suite of Graham Land, based on material collected by the Falkland Islands Dependencies Survey
during 1946 to 1950, it has been concluded that these rocks of Graham Land are all crystallisation-
differentiation products of a common parental magma and form a normal calc-alkaline series, probably
contemporaneous with that of the western Patagonian cordillera. Both the Graham Land and the Pata-
gonian infrusive suites are assigned to a late Cretaceous or early Tertiary age.

Individual differential phases of this suite, which are subdivided geographically, are all described petro-
graphically. Where available field and laboratory evidence is sufficient to warrant the correlation of geo-
graphical phases, this is given in tabular form. Attention is directed to the Terra Firma Islands layerect
gabbro intrusion which is described for the first time.

Twelve new complete chemical analyses of representative members of this series are presented together
with their norms and other relevant information. The geochemical data, which are represented on tri-
argular and linear variation diagrams, are critically reviewed and compared with those of other well-knowr:
calc-alkaline series. The relationship between the major and trace element concentrations is discussed and
certain significant ratios are given in the tables, The approximate chemical composition of the supposed
parental magma is also given,

Contamination of the parental magma by assimilation or palingenesis is believed to be of no great
significance.

*Now at Ressarch Diepartment, Albright and Wilson Lid., Otdbury, Birmingham.
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INTRODUCTION

rHE Andean intrusive suite of Oraham Land, closely comparable in chemistry and mineralogy with that of
the South American Andes and Southern Patagonia, forms a definite series ranging in composition from
basic gabbros to alkali-granites. As will be shown in the following pages of this report, these rocks are
undoubtedly of common parentage and, apart from the rocks interpreted as basic accumulates, lie on the
same fine of liquid descent.

A cursory examination of the accompanying sketch map (Fig. 1), which illustrates the distribution of the
Trinity Peninsula Series and the carly Tertiary intrusives of Andean affinity, immediately reveals that the
itrusives comprise about 80 % of the Graham Land peninsula. In itself this is a most striking feature of the
Andean intrusive suite. Without ¢oubt these rocks can be regarded as being responsible for the very exist-
gnce of the peninsula, having been emplaced both as gigantic batholiths and smaller boss-like masses. These
mirusive bodies are not only ¢onfined to the core of the Graham Land peninsula but also form the greater
part of the Palmer Archipelago and the Biscoe lslands off the northwest coast, and the western part of the
South Shetland Islands.

In the course of their emplacement the intrusives have thrust aside the late Palaeozoic Trimty Peninsula
Series sediments and have also invaded the extensive Jurassic rhyolite-andesite volcanic sequence. In view
of this, it is significant to note that the Upper Jurassic to Lower Cretaceous sedimentary succession of
Alexander Land is entirely free from igneous intrusives. However, field observations point to their possible
presence beneath the sediments iv the hinterland of this isiand, where the emplacement of a large batho-
lithic mass has possibly been responsible for the large-scale eastward overthrusting of the Upper Jurassic/
Lower Cretaceous sediments without actuaily traversing them. A small granite-diorite-gabbro complex,
revealing the relations between the respective members of this series, occurs at the Eklund Islands in the
gast-west limb of King George %1 Sound. Here the complex has suffered shearing, which is probably
associated with the well-known tectonic disturbances in the Alexander Land sediments and which may be
due to late stage bathohthic emplacement in the near vicinity.

At about latitude 70° South. the widest part of the main Graham Land batholith gives rise to a high
mountain chain of which the peaks have been estimated to be 12,000 fi. high (Ellsworth, 1937, p. 200).
This chain continues in a southesly direction nearly to latitude 76° South, where it swings towards the
southwest, Hs furthest extrernity extending across the Antarctic plateau is probably represented by “a
solitary little range, svmmetricaliv formed, with a central pyramid rising 1o 13,000 ft.” (Ellsworth, 1937,
P 2000
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In spite of their extensive occurrence in Graham Land, it is not yet possible to establish exactiy the age of
the Andean gramtc -gabbro intrusive suite. From an abunddnce of field data it is now clear that the
Andean intrusives are younger than both the Trinity Peninsula Series and the Middle to Upper Jurassic
sediments and volcanics, but nowhere has the relationship been established between the Lower or Upper
Cretaceous sediments and the intrusives. Even in Alexander Land, where there is an uninterrupted sedi-
mentary succession from the Upper Jurassic to the Lower Cretaceous, there is no definite evidence of
intrusion by younger granites, diorites or gabbros of the Andean type.

Because there is no direct methed of establishing the exact position of the Andean intrusive suite in the
stratigraphy of Grahan Land, it has been necessary to resort to an examination of the comparable strati-
graphic succession of the western -"uag,oni:m cordillera in order to seek an unswer to this prohlem In the
present case this apg roach to the problem of age relations is considered quite lcgltmm(e since there is a
direct connection ncmmn ‘n ud America and Graham Land by way of the Scotia A

In Patagonia, at both Cerro Payne and Mount Fitzroy, Hauthal (1898) has recorde d Lower Cretaceous
beds asverlying gldl’ll @ imml ﬂw The contact 1s certainly not sedimentary since these beds are traversed by
granitic dykes assoctated with the Jaccoliths. In the area east of Cerro Payne definite Middle and Upper
Cretaceous strata are iniruded by Anden-diorite sheets, but the comp lete Icrlldw sucuw(m, which is
q;mm(;emmnt le upon the Cretaceous beds i other Patagonian localities, is entirely free from intrusions.

It may therefors he concluded that in Patagonia the Andean intrusive suite is puhaps very late Cre-
taceous or early Tertiary in age and that the Andean intrusive suite of Graham Land is probably contem-
poraneous with *haﬂ vf" Patagona,

The orogenic belt < f the Antarctandes is considered to be contemporaneous with the Laram:de foldings
ol the Andean cor whl erwand the Rocky Mourtains of North America. Though compressional earth-move-
ments prabably began towards the end of the Cretaceous, they continued over a long period of time extend-
g into the late Focone and Cowe <)l:wrem‘ The time of the batholithic intrusions was at a late stage in
the orogeny. and after the main period of folding had subsided. The main fold axis is confined to the
Graham Land peninsuls itsell with subsidiary Toldings through the South Shetlands: the marginal Cre-
faceous areas of the humes Ross Bsland group @re relatively undisturbed and are only LU!]“ v {olded about an
approximately north south axis

The work of Fergusen (1921 Holtedahl (1929), Barth & Holmsen (1939) and Jardine (Falkland
stands Dependencies Survey 19505 in the South Shetland Islands has also shown that these inirusives are
not especially conbined tw the main axds of the Antarctandes. Quite commonly they are found intruding the
older Furassic andesitic volcanics, but the younger Miocene-Pleistocene olivine-basaits and agueous tuffs
are frae from mirusion. Iathis 't the South Shetlands may be regarded as being a subsidiary fold chain
oulside the nmn orosene bels

The Tertary Ardesn intrusive swite of Graham Land and adjacent islands comprise the first Antarctic
rgneous rocks 1o bie described in perrographic detail. Gourdon (1905, 1906, 1907, 1908, 1917 and 1919),
Pelihan (19091 Sisteh 1 1912), Bodman (1916). Holtedahl (1929), Barth & Holmsen (1939}, Burth (1940),
Knovles (119435 and Tyrrelt 11921 and 194%) have made generous coniributions to the petrography and
petrotogy of the Andean intrusives of this area. It is, however, regrettable that in the past so little use has
been made of the vast sinouns of Jdata pmvidm by the large number of available chemical anatyses of these
rovks T s abse aaforiunate thae nearly all the material described previously is no hmmr available for
re-exermiration, because of s destruction during the two world wars or i1s loss througl :

Muast o the garher field work was carried out in the north of Graham Land, on the | 0 ;md Graham
Coasts, i the Palmer Archipelago and the Biscoe Islands. Since the nception of {ne¢ Falklend Islands
Dependercies ?*im"w@\' it has sossible to extend field operations to cover the whole of the east coast, the
”\/l Arguerie H vy s Coast and the east coast of King George VI Sound. As a result of this
ive Jdea of the field relations between the intrusives and the older rocks is
, L it ks been possible 1o study in some detail the geochemisiry of the batholiths
hs THSE iw § A ! EF TS l-mm; hy of the varicas differentiated phases.

A correlatior of !u Andean mtrusives [or the whole of Graham Land 15 set out systematicaily in Table I,
from which 1 s clear that 1o the majonity of the arsas examined there {s repetition of the same order of
merusicn, OF pons desoribed i detatl, Trnity Peninsula and the Falhieres Coast are the most im-
pOCtAnL, $ nee it in Dese arens, which are marginal to the main body of the batholiths, that the differentia-
ten process can be studied more clearly than elsewhere,

FEsT)
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which are descrik

A, ANDEN-GRANITES

¥ aR less common than the ubiquitous quartz-diorites are the granites, which occur as small intrusive bodies
in Trinity Peninsula, on the east and west coasts of Graham Land and in the Marguerite Bay area. The
granites of the northwest coast and offshore islands are not re-examined in this report because they have
been described already in some detail by Pelikan (1909), Gourdon (1908) and Bodman (1916).
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In Graham Land it s possible 1o distinguish three distinct phases in the Anden-granites. The first is the
coarse-grained pink biotite-granite of Cape Roquemaurel and Mount Reece, which is closely comparable
1o that found at Cape Berteaux in southern Marguerite Bay. The second type is identical in mineralogy to
the first but is much finer-grained and found only at Cape Calmette and Camp Point, north of Neny Fjord,
Marguerite Bay. The final magmatic phase is represented by the Red Rock Ridge granite, which occurs
only in the Neny Fjord-Black Thumb Mountain area.

I Carr ROQUEMAUREL AND MOUNT REECE GRANITES

Tyrrell (1945) has already described a biotite-granite from Cape Roquemaurel (Station 1490), but since
his description is somewhat brief this granite will be described in more detail here.

At both Cape Roguemaurel and Mount Reece this granite intrudes the Trinity Peninsula Series but so
far only the general thermal metamorphic effects have been studied (The Petrology of Graham Land: L
Metamorphic Rocks of the Trinity Peninsula Series). In the hand specimen the Cape Roquemaurel
(D.337.1) and Mount Reece (1).375.2) granites are medium- to coarse-grained and have a pale pink colour.
The only ferro-magnesian mineral distinguishable in the hand specimen is biotite, which occurs as smail

FasLeE 1

MDAl ANALYSES OF BIOTITE-GRANITES
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1) 3371 Biotite-granite; Cape Roguemaurel,
13.375.2 Biotite-granite; Mount Reece.
1374710 Biotite-granite; erratic from Evensen Nunatak

0 75a 20 ' o
;; ;qi “3 }* Biotite-granite; Gulliver Nunatak.
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scattered flakes throughout the rock. Ir thin section the rock has a coarse granitic texture and consists
mainly of quartz, orthoclase and plagioclase with accessory biotite and a little hornblende (Table [1). The
orthoclase is seldom microperthitic and is frequently dusty with alteration products. The plagioclase has a
composition of approximately Aby,An,,. Sometimes it shows good chequer-twinning though generally
twinning is according to the Carlsbad/albite law. Zoning, which is particularly marked in the plagioclases
of the quartz-diorites and mica-diorites, is rare in the granites but it has been noticed. In these cases the
maore acid rims are AbgAn, whereas the cores have a composition of Aby,An,;. Alteration to saussurite is
common, being particularly pronounced in the more basic cores of the zoned plagioclases. The interstitial
allotriomorphic quartz is markedly dusty with inclusions but it never shows undulating extinction or strain
shadows as is the case with some of the older g gra inites. Biotite, with plenchmism scheme o = § = ]"'bale straw
and y = deep brown, oceuirs as wmlﬂ accessory flakes with abundant scattered zircon i nulsmons and 1s often
altered 1o chlorite. In addition to biotite minute common hornblende crystals are tound throughout the
rock. Other accessories include 3]")1111!{‘ and zircon. Sphene is markedly absent. As an alteration product
epidote is known Lo occur in addition to suussurite and sericite in the plagioclase felspar.

The pink granites of Cape Berteaux. Moraine Cove and the Eklund Islands are both macroscopic-
atly and microscopically idt:i"ni«:m to the Cape Roquemaurel and Mount Reece granites and may therefore
be tentatively correlated with them, Modal analyses of the biotite-granites are set out in Table U, where
they are compared with similur granites from Gulliver Nunatak on the east coast of Graham Land.

Although it is often difficult to ditferentiate between hand specimens of the old “Coarse Pink Granites™
and the younger granites z‘:wic roscopic examination of thin sections reveals several striking differences. For

ample, the older granites are riably rich in microperthitic potash-felspar, whereas the younger ones
cuntain very nearly pure or ihuc ase; ifu.” iblende never appears in the older granutes; sphene is limited to
the older granites alone; s and the quartz of the older granites exhibits a purplish colour in the hund specr
men, whereas i s milks whm‘ in the vounger grani

Ar the Eklund Islands !m biotite-granite 15 cerainly the youngest member of the igneous wmpﬁe'\:
riruding both the qu m s and th bros. ‘"~ilu~wh an dsscmi ldgx 1s s«*ldum found elsewhere i
ham Land but 1t s repeated almost | s complex on the King

from basic Lo acid in these srnaller complexes. Apart from
. Jative of the Red Rock Ridge granite has been found so far
Thumb ‘va wtain ares of Marguerite Bay.

Ccar 11 Coast. The order of intrusion is MW E
late aplitic and pegm zm i<‘ dykes
encept m the Neny Fiord-Black

Care CanvetTe AnD CaMmp POINT GRANITES

The granite which occurs in both these arcas is mediuni- to fine-grained in texture and is mineralogically
identical to that already described from the Cape Roquemaurel area. The only distinguishing feature, apart
from the finer texture, is the fact that small more basic xenoliths occur in this granite on the northern side of
Camp Point. They are seldom found in the Cape Calmette granite.

5. Rep Rock Ripage GRANITE

The type locality tor the Red Rock Ridge granite is Red Rock Ridge itself, but it also extends over the
north-eastern side and head of Neny ¥Fjord, the Black Thumb Mountain area and southern Millerand
lsland. Two distinct facies of this granite. respectively red and grey in colour, have been distinguished in the
field. The former is by far the more common and represents the type material. The grey facies occurs only
i the Black Thumb Mountain area and on the rocky promontory to the north.

In the hand specimen the Red Rock Ridge granite possesses a characteristic drusy ¢ appearance and a pale
reddish-pink colour, which is more prorounced in the parent mass than in the hand specimen. Some of the
druses are filled with hydrothermal chlorite, beautifully terminated guartz crystals, calcite and limonite.
Michols (1948) states that this granite carrie molyhdmum but so far it has not been recorded inx any of the
material under examination. Since this granite is regarded as belonging to a very late magmatic stage, it is
guite within reason to expect molybdenite mineralisation.
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in thin section the Red Rock Ridge granite is very easily distinguished from the other granites by its
medium grain size and characteristic myrmekitic texture (Plate Ib). It consists entirely of a symplectic
mtergrowth of quartz, orthoclase and oligoclase-albite. The plagioclase is usually albite-twinned and
altered to saussurite in patches; there is never any zoning. The greater part of the orthoclase is slightly
altered to kaolin and other degradation products. In some of the thin sections the orthoclase is slightly
perthitic with small clear albite lamellae. Around both the orthoclase and perthite, quartz forms a vermicu-
lar intergrowth with orthoclase, imparting to the rock its typical myrmekitic texture.

Dark minerals are uncommon but a little accessory biotite with pleochroism in straw and dark brown
makes its appearance in small fresh flakes. Apart from rare apatite and zircon, magnetite is the only other
accessory mineral. It always occurs as small grains occupying an intergranular position. In the red facies

v
v ANDESITIC YOLCANICS

BASIC DYKES

+
+
RED RQCK

+ +
RIDGE GRANITE

FIGURE 2

The Red Rock Ridge granite sruncating basic dykes which invade the Basement Complex pink granite-gneisses on the west

coast of Millerand Island. The andesitic volcanics, resting directly on the granite-gneisses here, are allied to the basic dykes
in the gneisses

the magnetite is jnvariably altered to limonite, which imparts a reddish colour to some of the potash-
felspars. Un the other hand, the grey facies exhibits none of these alteration products. Sphene, which is so
characteristic of the oider **Coarsz Pink Granite”, is notably absent here.

At Black Thumb Mountain the field relations show clearly that the Red Rock Ridge granite is younger
than the “Coarse Pink Granite” which it intrudes with a sharp contact showing a narrow finer-grained
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selvage to the Red Rock Ridge nite. At Millerand fsland this same granite has intruded the Basement
Complex (Fig. 2) in a boss-like fashion. On Red Rock Ridge itself the red granite is traversed by numerous
felsitic dykes. along the contacts of which the red granim is considerably altered. Though the granite has
preserved its typical m)mu_lum texture, the plagioclase is almost entirely replaced by granular epidote and
ciino-zoisite. The orthoclase is also heavily altered.

B, GRANODIORITES

GRANODIORTTES, which from their field relations are also presumed to belong to the Andean intrusive
sitite, oceur in the Mount Branstield aren in close association with biotite-granites similar to those of Cape
Roguemaurel. They are extremely coarse-grained, greyish in colour and possess a significant amount of
both biotite and horablende in addition to guartz, oligoclase and orthoclase. The plagioclase in the grano-
diorites is much more basic than that of the biotite-granites, having a composition of Ab,,An,, and often
shows zoning. The orthoclase is always perthitic, containing albitic lamellae that are totally free from
saussuritisation, The orthoclase itsell is invariably highly altered. Quartz, dusty with inclusions, is inter-
stitial and though it s frequently cracked, rarelv shows any signs of strain. The biotite oceurs in small ¢lots
together with hornblende and ‘a:tu::»‘l'b these minerals are slightly altered. The accessories include apatite,
zircon and an abundance of iron ore (ilimenite and magnetite). Sphene is sometimes found as idiomorphic
tals in the ferro-magnesian c"!u ts. The alteration products of the biotite and hornblende ure alwiys
chlorites; secondary epidote frequently accompanies the chlorite in the biotite-hornblende aggregartes.

Biotite-granodiontes akin to tin ose of Mount Bransfield also occur at Cape Rohmsmn on the mainland
west m'»"Threrﬁ* Slice Nu namk and in the central core of the punnsuld (Knowles, 1945, 142} In petro-
graphy they resemble the rocl : Mount Bransfield area, but it is clear that zoning in lhc plagioclase is
nore ;.nonmlm bin the ax:nnﬁ' anodivorites, This is enhanced by the highly sericitic nature of the
plagioclase cores. Another poirt of some dgnificance is that the biotite in these rocks is almost totally
d by chionite.

C. QUARTZ-DIORITES

A has been remarked by many earlier authors, the quartz-diorites are indeed the commonest of all the
igneous intrusive rocks of the Graham Land peninsula. From the northernmost part of Trinity Peninsula
south to Cape Adams, on the cast coast, and the Eklund Islands, south of Alexander Land, the quarw
drorites occur at almost every locality examined in the field. On both the east and west coasts of the
mnm«,nla Lhc“y tntm 1hf: mmtm“ part of the coastline. It is therefore clear that the major part of the batho-
sed of gquartz-diorite rather than biotite-granite, granodiorite or the more basic

‘d,e\._»r‘alw dnd ‘ggabbl 06,

In the majority of localities where the quartz-diorites have been mapped they are characterised by an
anundance of zenoliths, most of which are basic in composition (Plate Ic; pages 10-13). However, in the
Trinity Peninsula area senoliths are less common than in the more southerly areas. It is therefore pr efu—
1o describe the quartz-diorites individually according to their field occurrences.

1. Brspr Riogy QUarTZ-DD1oRITES (HOPE BAaYy)

The quartz-diorite of Blade Ridge, Hope Bayv (Plate fa), which may be considered as the type diorite of
the northern part of ‘n'ty Peninsula, is a medium- gmmud rock with a hypldmnmsphlc texture. The
plagioclase is usually andesine with a compuosition ranging from Abs,An;, to Ab;An,. in the zoned crys-
tals. In the more heavily zoned plagioclases the outermost zones have uomposltmn as acid as Ab, An,,.
The degree of zoning is usually shown up by the marked saussuritisation and sericitization in the more
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calcic zones. Quartz and orthoclase, the latter ofien considerably altered, are interstitial and play a minor
part in the mineralogical composition of the rock. Of the ferro-magnesian minerals, biotite is by far the
commonest, forming up to 10%, of the mode of the rock. It is of the common type, with pleochroism in
straw and deep brown, and is frequently altered marginally to a pale green chlorite. A green hornblende
with a pleochroism scheme o = colourless to pale green, § = greenish brown and v == deep green, accom-
panies the biotite. The accessory minerals include magnetite, ilmenite (invariably altered to leucoxene
marginally), apatite, zircon and sphene. The apatite and zircon often appear as well-defined inclusions in
the first generation of biotites. whereas the smaller-sized second generation is free from inclusions.

Epidote, a pale green chlorite with a pleochroism scheme « = pale to colourless, £ == pale green and
« == green and showing anomalous interference colours, and actinolite are the secondary alteration pro-
ducts. Chlorite is only associated with the biotite but actinolite and epidote replace hornblende, the former
giving rise to narrow rims round the hornblendes.

Xenoliths are rarely found in the Blade Ridge type quartz-diorites except in the immediate vicinity of the
contact with the Trinity Peninsula Series. Certainly, basic inclusions are characteristically absent.

). MARGUERITE BAY AREA

The quartz-diorites of the Marguerite Bay area are petrographically identical to those of Trinity Penin-
sula. At Red Rock Ridge and the Refuge Islets it is possible to distinguish two separate phases of the
quartz-diorite: the first is very fine-grained and the second is coarser, being comparable in texture to the
quartz-diorites of Trinity Peninsula. In mineralogy the two phases are similar but field evidence lends little
information as to which is the earlier. It can only be assumed that they are contemporaneous. Both of these
quartz-diorites intrude the Red Rock Ridge gabbro.

The “quartz-monzonites” described by Knowles (1945) from the Red Rock Ridge area are now included
with the fine-grained quartz-diorite phase as they are mineralogically and texturally identical.

1o FEAst CoasT OF GRAHAM LAND

Although the greater part of the cast coast of Graham Land south of Three Slice Nunatak is composed
of quartz-diorite similar to that of the Marguerite Bay area, there is a further type which occurs in the Cape
Bryant area (E.30). This type is mineralogically distinct from the quartz-diorites of the Cape Christmas
area (F.29) in that it carries augite in excess of hornblende (E.30.1; Table IIf). As in the Marguerite Bay
area, these diorites also intrude the uralitised gabbros which occur at the same locality. Xenoliths of
hornblende-schist, varying widely in shape and size, are frequently included in this quartz-diorite (The
Petrology of Graham Land: 1. The Basement Complex; Early Palacozoic Plutonic and Volcanic Rocks).

Unlike the quartz-diorite of Cape Christmas (E.29.1), which is a hornblendic type, the present quartz-

actinolite. The augite, almost colourless and non-pleochroic, is invariably twinned on (101) and occasion-
ally on (100). Its extinction angle. ~ =z, is 46 with a 2V of approximately 60°. The replacing amphibole is
krown and - = green-blue. This actinolite has & small extinction angle, v iz, of 15” and a 2V of 65”. Replace-
ment by amphibole often occurs around small inclusions in the pyroxene. This amphibole, although
retaining the prominent pyroxene { 110) cleavage, is different in optical orientation from the original augite.

Plagioclase with 4 composition approximately Abs.An,, forms the greater part of the rock. The andesine
is nearly always twinned according to the albite law, and fine repeated zoning is only distinguishable with
some degree of difficulty in the lorger erystals. Frequent bent twin lamellae indicate that the diorite has
undergone a certain amount of sirain, probably during ccoling. Biotite, which is fairly abundant in the
main body of the rock as large vell-developed flakes, is often present in the zoned plagioclases as small
idiomorphs. The biotste seems to be fairly iror-rich as is indicated by its high refractive index, prominent
red colour and pleochroism scheme o =@ .= pule straw and y == deep red-brown. Pleochroic haloes are
always found surrounding small apatite inclusions. Allotriomorphic interstitial quartz is marginal to the
large andesine phenocrysts, Myrmiekitic intergrowths are rarely found in these rocks.
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A group of racks which may be included in this section for convenience of description are the hypers-
thene-bearing quartz-diorites of Trinity Peninsula (D.353.1). Under the microscope they are medium- to
fine-grained with a hypidiomorphic granular texture. They are primarily composed of heavily zoned
plagioclase, biotite and augite with idiomorphic hypersthene included in the plagioclases. The plagioclase
appears clearly as two generations, the first of which exhibits distinct zoning, whereas the second is more
avid and unzoned. The composition of the early plagioclases varies from Aby,An,, in the cores to Abg,An,s
ai the rims, but the second generation plagioclases are simply twinned and have an overall composition of
approximately AbgAn,, Ragged augites are often marginally uralitised and the reddish brown biotites
are altered to chlorite. The secondary uralite replacing the augite is probably actinolite with pleochroism in
pile green and grass green. The idiomorphic hypersthene is frequently twinned but is quite distinctive with

It has a negative 2V of approximately 707,
X =) X - )

Magnetite, apatite and zircon are th

product in the plagioclases together with

ceessory minerals. Sometimes calcite occurs as a secondary
te and saussurite,

TawvLe 1

MODAL ANWNALYSES OF QUARTZ-DIORITES

R — . .
130 1 A 3 4 D.754.1 © D.754.4 13.760.3 st

Orthoclase 2 13 40.0 20.0 LN B - 24.8
Andesine 47 ¢ 45 7 572 2540 43,0 60,2 5.7 45.7 6hH |
Biotite 18" iy 4 ) 50 0.0 14.2 0.2 10.9 23
Horablende o 4.3 2005 15.0 10,0 30 51.4 0.2
Chiorite - * : ® * t 2.3 ¥ 2.2
Magnetite U] A3 [T - 6.3 0.6 21
Augile 0. _ S R —
Sphene * - 0.0 * * 0.
Apatite * e o 0.4 * * i *
Epidote - : . i 10.6 -
Sericie . * 22.9 - |

*ndicates present but not estimated.
Hnciuded with biotire.

£330 Quariz-dionte; C

e Bryant.
Tona Port ‘

i
] oy, Wiencke Island. (Tyrrell, 1921)

2 Quartz-diorite; “Shackleton Harbour™,* Brabant Island. (Tyrreli, 1921}
3 Quartz-diorite; 5 miles east of Cape Berteaux. (Knowles, 1945)

4 Quariz-diorite; Red Rock Ridge. (Knowles, 1945)

[.754 1 Quartz-diorite; Gulliver Nunatak.

2.754 4 Altered homblende-biotite-diorite; Gulliver Nunatak.

[0.760. 3 Granodiorite; Cape Robinson,

I5.51 1 Quartz-diorite: Lizard Hill, Tabarin Peninsula.

“The bay close northwest of Mount Bulcke, southern Brabant sland.
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The modal analyses ol some Graham Land quartz-diorites are given in Table IIL. A close inspection of
this table indicates that in the past a large number of rocks have been placed in this category on the basis
'»f the plavioc“icme '*‘onm]"u’r';iii(m al one, fO‘ cxm"npie, Nos. 3 and 4 (Table HI) Alth(‘)ugh some of the rocks

is nu.u]y that ol 1h qua:t/ dmxm S de%rlbeti here. The quartz wntum of the quartz, «houtcs’ s 1r¢qucmly
as much as 207, whereas the orthoclase seldom exceeds 39,. A number of the Hope Bay rocks, which
waonld also be ¢ d ssified here, are described by Bodman (1916) as quartz-mica-diorites.

MENOLITHS (N THE QUARTZ-DIORITES

Xeroliths of widely varying composition hayve been found associated with the quartz-diorite intrusions of
the east and west coasts of Graham Land and Trinity Peninsula. In the southern regions of Graham Land
the inclusions are predominantly hornblende-schists of a Basement Complex parentage (The Petrology of
Graham Land: [ The Basement Complex; Early Palaeozoic Plutenic and Yolcanic Rocks, pages 6-9).
Local exceptions have been recorded, for inst ince, | in the Terra Firma [slands layered gabbre intrusion,
where all the xenoliths incorporated by the gabbro are derived from the nearby Jurassic lavas and tuffs

{The Petrology of Graham Land IV, The Jurassic Yolcanics),

In Trinity Peninsule, however, where the Basement Complex has not vet been found 7 siri and where the
quartz-diories frequently invade and often severely contact metamorphose the Trituty Peninsula Series
(The Petrology of Graham Land: 1. Metanmorphic Rocks of the Trinity Peninsula Series). the foreign
xenoliths have heen plucked frony the surrounding country sediments. The grade of metamorphism suffered
by the sedimentary clusions = sometimes very high but complete assimilation is a rarcly observed
phenomenon

O both the cast and west Liraham Land coasts, where hornblende-schists are the commonest xenoliths
in the guartz-choriles, contact phenomena show a remarkably close general agreement. [n thin section the
marginal phase of the guartz-dicrite exhibits no marked textural alteration, though there is a tendency
towards the interstitial develepment of delicate quartz-plagioclase symplectic intergrowths, This becomes
especially apparent where hornblende and biotite are adjacent. Sometimes quartz forms lenticular segrege-
tiens marginal to the contact but seldom to a cmnrked degree. The accessory minerals, zircon and sphene,
are prosevt o small amounts

inoche marginal pnase of the bernblende schist xenohth/quartz-diorite contacts there js a distinct
mcerease ir the modal guartry and ﬂ'k;';ioc"laaﬁe from 12 1o 217 and 47 to 579, vespectively, accompanied by
intergranular intergrowths, Hormblerde and biotite, on the other hand, show a marked decrease from 21.5
to 165 ard 190 5% respectively . There is little alteration in the accessery and secondary mineral assem-
blages, except that a}) wwne decreases and there s the tendency for chlorite to replace biotit:

Quile clearly there has been no pronounced marginal assimilation of hornblende from the hornblende-
schist wenoliths by the quart-diceites. In fuct, the contacis are remarkably sharply defined. Plagioclase
compaositions throughoui the quarte-diorte rema in at approximately Ab..An , but the total modal ferro-
magnesiars are reduced o almost haif the original 41,59, in the zone m ”Ldnllﬁly adpcent the contact.

Although 1 irue thae the prosence of xenD A‘lhs is a widespread and coramon feature of tae Andean
quarte-dicrites of Grahan Land the opinion »‘:‘xpressecl by Barth and Hoimsen (19393, that the early
Terttary quartz-diories are prirearty migmante or palingenic in orizin, vompletely misrepresents the
facts amd appenrs 1o He Dunded apen nadegnate local evidence and cursory investieations.

B HORNBLENDE-BIOTITE-DIORITES

BIoRITES of this type are subordinate 1o the quartz-diorites but even so their distribution is more wide-
spread than at first suspected. Their occurrence is well known in the Palmer Archipelago and the Biscoe
Islands (Bodman, 1916; Pelikan, 1909; Gourdon, 1908), where they are intruded by the quartz-diorites.
However, in the Hope Bay and Marguerite Bay arcas they are relatively uncommon. The only hornblende-
biotite-dicrite of Hope Bay is that referred to as the “Tabarin Peninsula diorite”. The Marguerite Bay
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occurrence is in the Longndge Head area. Petrographically, the material from both these areas is the
same and they may be described together.
In thin section the hornblende-biotite-diorites are medium-grained and possess a hypidiomorphic tex-

chroism scheme o = pale green, v = pale bluish-green and 2V = 60°, and biotite pleochroic in pale straw and
deep brown. The plagioclase felspar, which forms the greater part of the rock, is always altered and heavily
zomed, ranging in composition from Ab,,An, in the core to Abs,Any, at the outer rim. Sometimes there
iz a little interstitial orthoclase and quartz. The accessory minerals include zircon, sphene, titaniferous
magnetite and apatite.

Alteration to chlorite is not only corfined to the biotite but also occurs in the hornblende. The plagic-
clase is usually sericitised in the more calcic zones.

Whereas the hornblende-biotite-diorites of the Longridge Head area contain an abundance of basic
inclusions, they are relatively unknowr in the Tabarin Peninsuila diorites.

E. GABBROS

1, Uratd1isen HORNBLENDE-GABBROS

URALITISED hornblende-gabbros have been recorded i associations with and intruded by later quartz-
cliorites at Cape Bryant (E.30). They are undoubiedly contemporaneous with those of Cape Christmas.

These gabbros are somewhat unusual in view of the fact that among the mafic constituents brown horn-
blende is frequently in excess of clino-pyroxene. This pale brown hornblende usually contains only minute
pyroxene remnants or forms broad rims round the larger irregularly-shaped clino-pyroxenes. Biotite (now
altered entirely to chlorite), magnetite, iron pyrites, early plagioclase and apatite all appear as inclusions in
the original magmatic hornblende, which is frequently altered to green actinolite both marginally and
around the inclusions, especially round the iron ores. The optical properties of this amphibole indicate that
i i a common hornblende with pleoc
vellow-brown, extinction angle, -
on {100) is common,

I
e

Figure 3

with cleavage), magnetite and apatite; Cape Bryant
it > 30).

FMarginal uralitisation of augite in gabbro; uralite (shaded), a
(F.20.4; ordinary lig
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Subsidiary clino-pyroxene (augiie or perhaps diallage) is seldom found fresh and unaltered. This pyrox-
ene is colourless in ordinary light, non-pleochroic and usually exhibits simple twinning on (100). The
extinction angle, v :z- 44" and the 2V is approximately 60°. It is associated with magmatic brown horn-
blende and forms well-developed ¢rystals with perfect outline.

Uralitisation both marginally and along cleavage planes is common, actinolite often being the replacing
amphibole. Actinolite, with a fibrous structure, also occurs within the rock as a secondary mineral. It has a
pleochroism scheme 2 = pale yellow-green, [ = green and v = bluish green. Its extinction angle is always
smaller than that of the brown hornblende, being about 15°. Where iron ore inclusions occur within the
clino-pyroxene uralitisation seems to become more intense (Fig. 3).

Basic plagioclase with a composition of Ab,,Ane forms the greater part of these rocks, except in the
case of E.30.4 (Table V) where brown hornblende and labradorite occur in almost equal porportions. The
plagioclase shows albite or combined Carlsbad/albite twinning with rare pericline twinning. Zoning is
usually absent but localised saussuritisation is common,

Iron ore, represented largely by mugnetite with minor iron pyrites, is widespread throughout the gabbros
as large irregular-shaped masses and as inclusions in the brown amphibole. Skeletal magnetite crystals,
frequently associated with small felted aggregates of secondary fibrous actinolite, are probably the result of
the uralitisation of former elino-pyroxene. Secondary hematite is found as pseudomorphs after iron pyrites.

The accessories include biotite {as inclusions in hornblende and augite, and now altered to chlorite),
apatite and sphenz. Apart from actinolite, epidote is the only other secondary mineral associated with
gralitisation of the chro-pyroxens

TasLe IV
MODAL ANALYSES OF URALITISED HORNBLENDE-GABBROS

: o 4
Plagiockse 46 () 446
Hornbiende 250 54 3 27.0 17 13y 60. 1)
Hypersthene 210 5.0 -
: — - 0.0
iallag : 20.0 - .
Driopside - e e o 104
Augite a0 - - 8.7 3.5 2006
Magnetite g 10.0 5.3 6.4
Hemattte - - e 0.2
fron pvrites e * 0.3 *
Pyrrhotite b — — _—
Actineting o e 13.8 15.9 ¥
Soinel 5.0 -
Apatits : - e 1.0 0.7
Eprdoie - e 3.2 *
*indicates present but not estimated.
! Hornblende~-norite; Cuyamaca region, California. (Reid, 1902)
Uralite-gabbre; Nuljuvaara, Finland, (Hackman, 1905)
i Hornbiende-gabbro; Pavone, Italy. (Van Horn, 1897)
F.30.4 and 3. Uralitised gabbro; Cape Bryant, Graham Land.
4 Hornbiendite; “Cape Eielson”.! (Knowles, 1945)

Now called Eielson Perinsula.
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Although E.20.4 and E.30.5 Table 1V) are part of the same gabbro mass, there is a considerable differ-
ence in their respective mineralogical compositions. The former is richer in ferro-magnesians, especially
hrown hornblende, than the latter, but Ei.?if).ﬁ contains more unaltered augite than E.30.4. The plagioclase
percentage naturally varies inversely as tc the percentage of ferro-magnesians. The only real similarity
hetween Lhese two rocks is that both possess the same amount of iron ore and both have been uralitised to a
similar degree. The accessories in each case are identical.

The explanation of this discrepancy in mineralogical composition is that E.30.4 is from one of the more
basic layers in the gabbro intrusion, where there has been an accumulation of ferro-magnesians. However,
' .30.5 there is a higher percentage of augite.

The modal analyses of the Cape Bryvant uralitised hornblende-gabbros are set out in Table IV, where they
are compared with other known gabbros of this type.

From the muneralogical composition and textural relations of these gabbros it is clear that the brown
hornblende is of a primary or magmatic origin whereas the green actinolite is secondary, replacing clino-
pyroxene either totally or in part,

HORNEBLENDITES

It seems that the hornblendites recorded by Knowles {1945) from Eielson Peninsula are in some wuy
related to the uralitised hornblende-gabbros described above. The hornblendites represent the most basic
differentiates of the hornblende-gabbros but they show several phenomena not observed in the latter: they
rontain no iron ore or plagioclase: the pyroxenes are enstatite, diopside and augite; and there is relatively
ittle uralitisation. The greater part of the hornblende is brown in colour, being characteristically magmatic
-ather than secondary in origin.

Truly magmatic hornblendites are not very common, [t is therefore suggested that in this particular case
pyrosene was an early precipitate from the paruu magma but was replaced at a late magmatic stage by
brown hornblende. This same phenomencn is exhibited by the hornblende-gabbros, in which the brown
hornblende contains ragged remnants of pyroxene. Replacement by pale green amphibole is distinctly a
secondary process entirely disconnected from the formation of the brown hornblende, which itself is some-
rimes replaced by actinolite.

The modal composition of the Fielson Peninsula hornblendite is given in Table IV.

3. GasBros oF THE HoPE BAY AREA

Bodman (1916) has described several specimens from the east side of The Pyramid, Nobby Nunatak and
Depot Glacier in the Hope Bay area as uralitised olivine-gabbros. The first two localities have been re-
examined in some detail and the specimens collected (DD.16.1, D.53.1 and D.544.1) agree completely with
the material collected and described by Bodman. Nobby Nunatak and the east side of The Pyramid are
both part of the same intrusive body but the locality near Depot Glacier is completely disconnected and
appears to be a separate intrusion.

These rocks are medium- to coarse-grained in the hand specimen and are greenish-grey in colour. They
are characterised by a prominent sy :ckling with a greenish mineral which appears to be a secondary
product replacing former phenocrysts in the rock. A number of thin slices from these rocks have been
examined under the microscope. They all show a marked hypidiomorphic granular texture and reveal that
the rock has suffered considerable alteration. Zoned plagioclase, with a composition of Ab,Ang, in the
cores and AbeAn,, at the rims, forms about 50% of the rock. The main ferro-magnesian mineral is a
biaxial positive pale augite, which has an extinction anplw, v:2-=37° and a 2V = 60°. Sometimes, where it is
m contact with pldgvum]a the augite is zoned but this i m not common. The augite is invariably uralitised,
being mantled with a pale green actinolitic amphibole with an extinction angle, v :z, varying between 0” and

10°, Throughout the rock a g‘,rc*walm of serpentine and antigorite occur as pseudou'norphs after former
olivine phenocrysts. Rarely are the minute cores of the orlgmdl olivine to be found in the wrpemmuus
felted masses. In addition to Jmimsmr:m of the pyroxene there is a reasonably large amount of chlorite in
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the matrix. The plagioclases are often altered to cither sericite or dusty saussurite. The accessory minerals
include magnetite, iron pyrites, ilmenite (altered marginally to leucoxene) and apatite. Iron pyrites may be
of a late hydrothermal origin, associated with the later dioritic intrusions in the near vicinity.

The Nobby Nunatak specimens contain no brown magmatic hornblende but the material from the east
side of The Pyramid possesses small amounts replacing augite marginally.

At Gulliver Nunatak (ID.754) on the King Oscar 11 Coast similar gabbros to those of the Hope Bay area
have been recorded in the gramite-gabbro compiex, and these are invariably uralitised in the same manner.

4. {(yABBROS OF MARGUERITE BAy

In this area gabbros are far less usual than elsewhere in Graham Land. So far, only two occurrences
north of Neny Fjord and three tocalities south of Red Rock Ridge have been recorded. At Red Rock Ridge
itself a gabbroic mass forms a narrow band traversing the ridge about a quarter of a mile from the western-
most point. From the field relations it is clear that both the Red Rock Ridge granite and the quartz-
diorites are younger than the gabbro. In mineralogy this gabbro is similar to the gabbros already described
from Hope Bay. The most interesting of all the Marguerite Bay gabbro intrusions is that of the Terra
Firma Islands, which will be described at some length later (pages 16-21).

Another occurrence of gabbroic rocks is in the Eklund Islands, south of Alexander Land, where the
field relations between them and the other intrusive rocks of Andean affinity are the same as in other
localities already mentioned. A small gabbro-like complex, which has only been briefly examined in the
field, forms the Buttress Nunataks at the southeast corner of King George VI Sound.

LAVERED GA8BRO INTRUSION OF THE TERRA FIRMA ISLANDS

Contrary to the opinion expressed by Nichols (1948), the gabbroic mass which occupies the western part
of Alamode Island and all the smaller islets (Barn Rock, Lodge Rock, Hayrick Islet, Twig Rock,
Dumbbell Islet and Pigmy Rock) immediately to the north and west of it in the Terra Firma Islands
(Fig. 4) is intrusive into the andesitic volcanics. The main evidence for this is the fact that the volcanics
are contac! metamorphosed by the gabbros. This aspect is examined in detail in a later report (The
Petrology of Graham Land: [V. The Jurassic Volcanics) under the heading of “Contact metamorphism
of the Terra Firma Volcanics™

This gabbro intrusion is quite estensive; not only does it form a large part of the Terra Firma Islands
themseives. but alse the Flyspot Rocks and Corapass Islet to the north-north-west. The same intrusive
body also appears on the mainiand to the southeast. The Terra Firma Islands have been mapped (Fig. 4)
with particular respect to the gabbro/volcanics vontact and the layering within the gabbro itself. In Figs. 5
and 6 the nature of the steep-dipping intrusive contact and the layering in the gabbro are illustrated.

Close to the contact with the voleanics abundant tuffaceous and lava xenoliths occur within the gabbro.
Al of these have suffered high grade contact matamorphism.

Near the contact two very prominent horizons occur within the gabbro. The lower of these has been
called the " Limomte Zone™ because of its typical limonitic staining on the weathered surface; the upper
malachite-stained horwon has beer called the “*Malachite Zone”. Both these zones are about 20 fi. thick
and are separated by about 150 to 200 ft. They follow the contact with marked regularity and have even
been recorded on Dumbbell Islet, which is separated from the main group of islands.

Away from the contact the gabbros vary considerably in their mineralogy but at present it is convenient
to examine only the nature of the more basic layers and the acid interlayers near the base of the intrusion.

Close to the contact the gabbro s relatively rich in plagiociase, containing approximately 709/, The main
ferro-magnesian mineral s augite which s part:ally replaced marginally by a brown amphibole. Uralitisa-
tion of the pyroxene 1s quite coron and a pale actinolite even replaces some of the late magmatic horn-
blende. The plagioclase 1s seldom zoned or more acid than in some of the higher layers, having a com-
position ol approsimately Ab, An.,. Perichne twins in the plagioclases are as common as combined
albite/Carlsbad twins, Ti jociase is ittle altered and appears to be relatively fresh. Olivine is notably
absent. Among the accessories are apatiie, e little biotite and an abundance of iron ore. There is some
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secondary chlorite accompanying the uralite. Quartz never occurs in the rocks closest to the contact, but in
those about 300 ft. above the hase up to 29} is present.

Between the “*Limonite and Malachite Zones™ the mineralogy of all the rocks is similar, apart from the
introduction of a little highly magnesian olivine. The olivine is very fresh in appearance and infrequently
altered marginally. It i5, however, heavily cracked.

Immediately above the “Malachite Zone” the gabbros become more acid. Quartz may form as much as
129/ of the modal composition, clivine disappears completely and the labradorite percentage increases
proportionally to the decrease in clino-pyroxene. The overall composition is similar to that of the lower-
most gabbros. Iron ore also shows a marked decrease in amount but the other accessory minerals remain
fairly constant except in the basic zones themselves.

(i3 “Limonite £one”

The “Limonite Zone ™ (E.62.2) comprises an assemblage of rocks remarkably rich in iron ore. In thin
section the rock is spattered “with chunky magnetites and a little hematite. The main ferro-magnesian
mineral is augite with schiller structure; it is shrouded in brown magmatic amphibole (hornblende).
Uralitisation of the augite is common not only along the crystal boundaries but also along the cleavage

planes. Biotite is among the accessories and is generally replaced entirely by chlorite.
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In the upper part of the “Limonite Zone”. where olivine begins to appear in small amount, it is in-
variably highly altered to serpentine or 4 reddish brown mineral ( ? bowlingite). The plagioclase in this zone
is acid bytownite with a composition Ab,,An,;. It shows some degree of alteration but is not especially
soned. Limonite fills all the veins traversing the rock and even enters cleavage planes.

(i) “ Malachite Zone”

The characteristic features of the “Malachite Zone™ are its superficial malachite-staining and its richness
in olivine, which forms about 13% of the rock. It is magnesian in composition having a negative 2V =85,
in this zone the olivine is idiomorphic and always possesses perfect, pale green, fibrous amphibole reaction
rims (Fig. 7) wherever it is in contact with the plagioclase felspar. Though it is difficult to ascertain, it is

Figury 7

Reaction rims round olivines in oliving-gabbros from the Terra Firma layered gabbro intrusion; Terra Firma Islands.

A. Reaction rim of pale green fibrous hornblende round olivines in contact with labradorite. Olivine cracks are filled with
(7 bowlingite and iron ore {E.202.1; ordinary light; <20).

B. The same as fig. 7A but with augite in the upper part of the drawing (E.202. 1; ordinary light, :<20).

C. Reaction rim round olivine crystal and replacement by a reddish brown mineral along cracks. Augite in lower part of
the drawing (E.64,7; ordinary light; > 20).

D. Heavily cracked olivine partially replaced by serpentine. Iron ore, augite and labradorite are also present (E.64 4;
ordinary light; =20}

considered that these rims are probably a late magmatic feature rather than a distinct secondary one,
because serpentinisation and alteration of the olivine have proceeded elsewhere without affecting the
amphibole of the reaction rims. The plagioclase with a composition of an intermediate labradorite is {resh
and seldom zoned.

Though rhombic pyroxene is an accessory in some of the upper gabbros it does not appear here. Late
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magmaiic brown amphibole 1s present in small amount. The iron ores include a relatively high percentage
of copper pyrites which gives rise to the malachite staining.

Minor basic fayers occur between the two main zones described but they are difficult to trace with any
degree of accuracy in the fheld. Modal analyses of gabbros from the Terra Firma layered intrusion are set
out in Table V and the zonng in relation to distance from the contact with the volcanics, based on these

TasrLe V

MOIPAL ANALYSES OF GABBROS FROM THE TERRA FIRMA ISLANDS

Fosgi E633 E360 F621  E2021 E29.2 E647  E642 E.644R E.62.2
Plagioc:ase (KN 618 54.8 53.2 614 56.9 52.4 48.9 38.3 33.6
Clino-pyroxene 6 19.0 14.5 199 | 265 27.6 1 3.6 2T 0 310
Rhombic pyrosenes . ki 0.6 1.0 . | . —
Olivine - - -~ 33 S 2.7 128 L7
Magnetite LY £ §.2 5.9 | 8.% 10.6 12.8 13,1 (. 12.4
Hematite - - 0.3 - - 3.9
{a, Fe pyrives . 0.9 0.3 02 - — 2 a1 0.2
Brown hornblendet T4 20 (L6 2.1 1.4 0.5 1.1 2.1 b2 4.4
Cireen horndlende; 02 2 55 i0.4 4.4 1.8 0.4 £.3 (14 10.7
Aputite 0o , - - - — , 0.1
' Biotite 46 0 0.8 - 12 o1 1.2
Chiloyie ALY 3 0.2 0.1 0.3 0.6 0.1 a2 0.6
SEINentne 0.2 0.5 : = s 0.2
Fpidot - . - - .1

1000 1000 1000 1000 100.0 1000 1000 1000 1000 | 100.0

Torian

Torul Fe Mgs 12.6 258 251 28.6 29.3 31.8 34.8 37.8 445 49.8

hut not in sutficient quantity to be recorded,
Magmatic amphibole
thecondary amphibole, replacing clino-pyroxene,

29.2 Gabbro

.7 Olivine-gabbro

.2 Olhvine-gabbro

.4B Olivine-gabbro

.2 Altered olivine-gabbro

¢id gabbro with guartz E

i =red ouariz-gabbro E
i Gabbro E.6

‘ E

E

Alte vine-gubbro
i Olivine-gabhro

Although the exact siructure of tnis intrusion is not yet clear, because of the very steep-dipping contact
with the volcanics, it is suspected that it may be lopolithic. The segregation of the more basic layers in the
marginal part of this intrusior is that of a process of rhythmic banding during the cooling stages. In
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intrusion.

nrobable that the gabbro was intruded as one mass, and, though there was probably early fractionation of
hasic minerals {rom the magma, local turbulances, aided by convection currents, were responsible for the
layering. The parental magma from which the gabbro was derived is not of an olivine-basalt type as has
neen suggested for the majority of gabbro-norite intrusions, but of a normal calc-alkaline composition.
Hvidence for this is the relatively acid nature of the rocks near the contact. [t is preferable to consider these
zabbros as carly basic accurulates of the same parental magma from which the later quartz-diorites were
also derived.

GEOCHEMISTRY OF THE ANDEAN INTRUSIVE SUITE OF GRAHAM
LAND

iN the past the Andean trusive suite attracted the special attention ol several research workers and a
considerable amount of time was devored to the chemical analysis of suitable material from many diverse
Ciraham Land localities and to the statistical interpretation of the data thus obtained. Gourdon (1908),
Pelikan (1909) and Bodman (1916} have contributed thirty-three chemical analyses, which are set out in
Table VI. fn Fig. 9 these carlier analyses are recalculated on a water-free basis and plotted on triangular
variation diagrams with the co-ordinases {FeO+Fe,0,) - ~ Alk - -MgO and K,0 -~ Na,O0 - CaO. It is,
however, unfortunate that no trace element data are available for these rocks.
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+ Now The island south of Sridtjof Isiand

* Now Cape Anna.

B

Gitbbro, Cape Tuxen. (Gourdon, 1908)
Gabbro, Petermann Island. (Gourdon, 1908)
Gabbro, “Bob Island”.’ (Pelikan, 1909)

. Uralitised olivine-gabbro, Hope Bay. (Bodman, 1916}

Gabbro, Léonie Islands. (Gourdon, 1908)

. Gabbro, Webh Island. (Gourdon, 1908)
. (Gabbro, Jenny Island. (Gourdon, 1908)

Hornblende-gabbro, Hope Bay. (Bodman, 1914)

Utralitised olivine-gabbro, Hope Bay. (Bodman, 1916)
Gabbro, dredged block. (Gourdon, 1908)

Augite-diorite, erratic from Snow Hill Island. (Bodman, 1916}

. Olivine~gabbro, Hope Bay. (Bodman, 1916)

Titanite-diorite, Hope Bay. (Bodman, 1916)

. Augite-diorite, Moreno Island. (Pelikan, 1909)
. Gabbro, Jenny Island. (Gourdon, 1908)

Gabbro, Anvers Island. (Pelikan, 1909)
Quartz-diorite, *Cape Anna Osterrieth”.? (Pelikan, 1909)
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TasrLe VI, PREVIOUS CHEMICAL ANA
i ; S 6 7 8 9 Y B } 11 14 15
S0, 3676 4120 45 w4 46 67 4731 4811 45.50 4857 4968 4969 5054 S0.66 5095 5116  SI.56
T LORE 14 0% 48 048 0.3 132 1.07 0.28 €99 J.89 to2r 0.07 1.34
ATy PO T SOO4r 17 08 2303 208 1926 1900 9.84 2007 1730 1970 oot 16,12 17.95
Fe. O, [ 19 (S Fog o 202n .24 - - 2.47 7.09 3 .46
Fe() E 00 G B NI 46 3.2 26 g.16* 16.00* S5 12 T.91F 948 w0 iv 724 6.93
MnQ { - G.15 e
MgO TOEE A 4H 1o 9 57T Hoa9 558 4.63 4.99 §.12 §.°T5 3.18 503 4. 6 3.68 5.54
Cal PEoeG 1302 AR P59 1598 14.5 1.:.86 9. 80 9.83 t2.20 9.62 10 23 9 8i 8.55 7.05
N s a3 ! RE [ .81 202 1.80 3.49 2.39 3.93 41 o2 3.33 .56
K.} G230 020 02% 0ey 0220 (.20 106 2.7G 0.67 .45 3.53 Pols N .57 1.28
HLO - ; AT VO U S R R L 3 {50 0.62 0.55 Q.54 1.20 a7 0.9 1.52 1.58
HO | .
Oy _
iy, {0 .06 (S - [$ 1Y) .96 0.10
W . ‘S‘It h W % Wi E (i)n.“]’;R 100. I.“?M :)"544 96 7‘1 98.46 “99’6 ) 98.10 101 {6 ‘9'8’ {n t00.44 100.35
* Fe:0, and FeO determined as FeO



THE PETRIDILOGCY OF GRAHAM LAND: PAPER 11

EAN INTRUSIVE SUITE OF GRAHAM LAND

2 27 2 29 30 3 a2 33

61 19 6301 64.33 64.67 66.39  67.5¢  T1 10 73.26 5i0.

bz .56 il Q.51 (.33 0.28 0 46 tr TiO

te 200 1361 1671 1539 17.62 14.63 14 50 12.60 AlLG

s [ 200 (Y 2.9n L B s 1.01 . .31 0.34

3 58 4.5% 5.7 0T 7 96" 52 R ¥ 6 OAS*  4.852% 520 121 555 310 2.65 ¢ FeO

r . - . — - - Pt €

-
2
=g
L]
]
o
)
o
¥
<
o>
£
=N
q
o
=
=

4 1.32 .34 AT 0.5 fd gty

i T T2 foB- 6. 24 56T LBl 4 HE 429 447 3.89 3.79 46 259 t Calk

.61 2.13

(]

64 4 02 3.9 k.

-
o
=
3
3
]

e
=

#
wn
o

'S

el
-

~i
=
<
Sl
~4
<
N
<
]
L=
<
‘ol
=l

ek (e .45 035 24 9 91 {1 (.91 .25 0.7 H.O+

, w1 HO

0t e - - (03 - Pty

S o1 (130 I3 - ol 038 i,

74 100 75 99.42 i Torrat

~;¥'\'f) Th 100 44 4% B9 S 100 65 10008 99 84 O35 992 9801 99 68 1N

Foe,0) . and FeOr determined as Fe(),

Torene Islund. (Pelikarn, 1909)

Two Hummock Istand. {Pelikan, 1909)
Hovgaard Island. (Gourdon, 1908)

- Quartz-raica-dior “Wandel Island”.? (Gourdon, 1908}

2. Quartz-biotite-diorite, Hovgaard Island. {Gourdon, 1908)

. Quartz-diorite, “Berthelot Islands”.4 {(Gourdon, 1908)

24, Cruartz-diorite, erratic from “Cape Hamilton”. (Bodman, 1916)
§. Quartz-diorite,

26, Diorite, dredgec

Chuariz-diori
. Quartz-diorit
). Quartz-diorite,

erratic from Hope Bay. (Bodman, 1916)
erratic from Hope Bay. (Bodman, 1916)
Hepe Bay. (Bodman, 1916)

erratic from “Cape Borchgrevink™ s (Bodman. 1916)
? Granite, “Wandel Island” > (Gourdon, |908)
3 Micro-granite, “Wande! Istand™ * {Gourdon. 1908)

© Now Booth Island
+ Now Berthelot Islets.
s Mow Borchgrevink MNunatak
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In the course of the present work twelve new representative chemical analyses of the early Tertiary
Andean intrusive series of Graham Land have been completed. They include two analyses of olivine-
gabbros from the Terre Firma Islands layered intrusion (Tables VIla, b and ¢, Nos. | and 23, which are
interpreted as basic accumulates. The other ten analyses include representatives of the biotite- and amphi-
bole-diorites, the ubiguitous quartz-diorites and the granites (Tables Vila, b and ¢, Nos 3 to 12). The
chemical analyses (complete and recalculated on a water-free basis), major and trace elements {(in p.p.m.),
norms and other relevant data ire given in Tables V1la, b and c. These data are interpreted graphically in
twWo ways:

{1} As tnangular variaton diagrams with co-ordmmates (Fe' - Fe'”') - - Alk— Mgand K- - Na--—-Ca in
Fig. 10. The present results are compared with earlier analyses {Table V1) on similar diagrams with the
co~ordinates (FeQ-+Fe O~ Alk - MgO and KO-~ Na,0- - CaO in Fig. 9.

TanlLE Vlla

NEW CHEMICAL ANALYSES OF THE ANDEAN GRANITE-GABBRO INTRUSIVE SUITE OF GRAHAM
LAND
3 4 5 f 7 5 b 10 i 12
| 40.19 54 .94 60.36 60.80  61.03 61.45 649 00 73.44
I 2 .58 0.92 0.65 0.65 0.80 0.22 .22 |
P15 a3 1612 17.01 16.08 15.87 16.58 16.93 14.33
8 X8 319 1.43 2.35 2.26 2.83 0.63 09.52
8 99 263 3.93 3.00 322 2.87 165 .18 |
017 .08 0.07 0.09 0.08 0.10 0.04 002
8.04 2.00 2.64 3.50 2.94 2.37 0.60 0.21 |
Ca0 13 96 6. 60 4.14 5.31 5.7 5.70 368 213
Na. . 117 2,88 34 3.97 1.56 3.36 3.is 3.09
K 0.03 o217 2.95 2.09 2.52 2.78 324 .87
0 69 (81 2.34 1.55 1.57 0.67 0.76 .52
0.10 Gl 0.11 0.12 0.2t 0. 0.1 g1
036 034 0.41 0.33 0,19 0. 0.1t .29 |
.29 0.06 0.09 - -
“Toral 100 05 100 32 10633 G 91 19,82 94 83 99.84 99.93 99 81 99,98 10013
ANALYSES LESS TOTat WATER (Recalculated to 100)
510); n0. 17 60 5% 61.98 6l 88 6226 61.95 &9 48 73.96  Si0.
Ti0, 0.73 .59 0.94 0.66 0.66 0.8t 0.22 92.22 " TiO,
AU STOES 1&. 32 17.47 16.36 1619 16.71 b7 05 14.43 | A1:0;4
Fe.(h, 2.1 22 1.47 2.39 2.3 2.85 .63 .52 Fe,0y
FeO | 4.07 .60 4.04 308 328 2.89 166 1,19 FeO
MnO 008 0.07 0.09 0.0 0.10 0.04 2.02  MnO
MpG ! 10 2.7 3. 56 3.00 2.3% 0.60 2.21 - MgO
Cal) vo67 4.2 5.40 582 5.75 37 215 | CaO
REP ) 2.9 3.56 4.04 363 3.39 1OAR 311 | Na,O
229 3.03 213 2087 2.80 3 3.90 | KO
€34 0.42 034 O 14 0.36 ¢ 3.29 | P.O;
0 : - CO;

L2 0.06 09

WNODRME

1314 1500 1356 1464 1638 2700 36.00
15 <7 1779 1223 15001 16.68  19.46  72.80
20 34 2934 3406 2087  28.82 2725 26.20
307 (7779 1974 2002 2068 1835 8.62
2 i - 377 667 3.09 -
9 03 D109 938 o8 602 36l |95
408 o4 209 348 b5 448 093 D70
| a7 2 L6 13T 13T 12 Gd6 0.46
1ol CeT 1.0l 067 L0l .67
« 1053 - . = {93 184

Al AT AL Ay AbseAy, AB.sAD AbszAnay AbsaAngy AbueAne AbsyAngs AbseAn,. AbysAnes, ‘]1&.

comp
SR w1 cgs 27T a7 269 272 272 26 266 2.6l SG.
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(2) As linear variation diagrams with the recalculated element percentages plotted against the function
€138+ K)(Ca+Mgy} in Figs. 11, 12 13 and 14,

For convenience of comparison, the new analytical daia for major and trace elements and relevant ratios
in Tables Vla, b and ¢ have been set out in the same way as those given by Nockolds and Allen (1953)
in their comprehensive study of some calc-alkali igneous rock series. For the same reason, all the variation
ciagrams (Figs. 10 1o 15) basex ese new data have been reduced to exactly the same scale as those
given by Nockolds and Allen (1953),

When plotted on both (Fe'” + Fe'”') - - Alk~—Mg and K- ~Na-~Ca triangular variation diagrams,
one of the analyses (Table VI Mo, 8, 1)) departs quite considerably from the smoeth curves on which
the other rocks he. A microscopic examination of thin slices of this particular rock reveals that it has been
extonsively altered. Nevertheless, it is a legitimate member of this series.

TasLe Vilb

ANDEAN GRANITE-GABBRO INTRUSIVE
LAMD

ANALYS THE SUITE OF

GRAHAM
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TasLe Vllce
NEW CHEMICAL ANALYSES OF THE ANDEAN GRANITE-GABBRO INTRUSIVE SUITE OF
RAHAM LAND
5 6 7 8 g oo 12
Ga - 1000°A1 Dok G 19 29 024 0.27 0.29 0.23 028 027 020 CGax1000/Al
Cr o 1000/ Mg W 35 03+ 156 4.55 221 071 2.50 *  Crx1000/Mg
V. 1000/Mg 08 865 652 9.3 833 6.25 4.55 5.56 £93 7.50 *  Vx1000/Mg
i 1000/ Mg 03 G SR 665 127 250 343 104 111 071 875 8.00 Lix1000/Mg

1000/ Mg BT 019 065 010 % 094 068 0.8 7 * P Nix 1000/Mg
Co < 1000 Mg 520096 1.0 15, 083 063 045 056 071 ¥ ('ox 1000/Mg
Fo/Mg ai 2 D78 329 358 263 186 230 3.00 425 13.00 FeMe

1000/ Mg 7S ?= + * + : * © Sex 1000/Mg
O 10001 ¢l 0dn * 0.60 2.44 095 © (rx1000/Fe
V10001 SR8 ;.34 283 2.3 238 2.44 2.3% © v 1000/Fe
Co - 1000 Fe (43 039 041 023 024 024 0.2 * (ox 1000/Fe
Sc 1000/ ¢ s - . + ' £ Sex 1000/Fe

Cleoons yor (3 r:.4> 07 042 065 051 0.6 06l 058 *  ¥x1000/Ca
Ay oos 2 (45 6T 2.3 1.88 484 1.54 1.95 18 1.92 1.25 Srx100/Ca
Sro100/Catk 098 it 1'S% 134 268 1.07 127 117 094 042 Srx100/Ca+K
vm}af”ﬁi@ Ko CRe - S5 7.89 2.00 S5.88 3.64 435 3,70 2.0 Bax100/K

100/ LSC 07% 645 079 028 2.65 068 087 046 0.63 FEbx 100/K
CXFLANATION OF TABLES Vila, b and ¢

Quartz-biotite-diorite,

Quartz-dionite,

B3 == 5D 06 nd O LA e S

ek b e

M ne o

Quartz-biotite-diorite,

Quartz-gabbro, Terra Firma Islands,
Quartz-gabbro, Last Hiki Trinity Peninsula. (anal. R. l Adie)

Cape Bryant, Black Coast. (anal. R. J. Adic)
| Hypersthene-bearing quart/ diorite, Mount Bransfield area, Trinity Peninsula. (anal. R.
Mineral Hill, Trinity Peninsula. (anal. R.
i Quartz-biotite-diorite, Gulliver Nunatak, King Oscar Il Coast. (anal. R. J.

Murguerite Bay.

Chivine-gabbro, Terra Firma [slands, Marguerite Bay. (anal. R, |

fanal. R, F Adiey

Quartz-diorite, Millerand Island, Marguerite Bay. (anal. R. J. Adie)
Quartz-diorite, Brown Bluff, Tabarin Peninsula. (anal. R. J. Adie)

. 2 Biotite-granite, Mount Reece, Trinity Peninsula. (anal. R. J. Adie)

.1 Biatite-granite. Cape Roguemaurel], Tririty Peninsula. (apal. R. J. Adic)

. Adie)

J. Adie)

Adie)
Millerand Island, Marguerite Bay. (anal. R. J. Adie}
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P DISTRIBUTION OF THE MAJOR ELEMENTS

The distribution of the major elements of this series is given in Tables VIla and b. In Figs. 11, 12 and 13
the weight percentages of the elements are plotted vertically against the function [(1/3Si+4K)—(Ca--Mg)]
0 that their distribution may be compared directly with that of the trace elements. In the past it has been
the practice to plot oxides, rather than elements which is the method used here. The function against which
the elements are plotted in the present linear variation diagrams is comparable to that employed in the
Larsen variation diagram, [(1/35i10,+ K, 0)—(CaO-+MgO+FeO)], except that Fe is not included with
(Ca-+Mg). It is, therefore, possible to detect iron enrichment in a particular series and to use the same
function whether the series to be plotted has a calc-alkali, alkali or tholeiitic affinity.

silicon and Oxygen (Table VIIb; Fig. 11). The actual values for both silicon and oxygen show a regular
increase with increasing a’su:ic:ht” and both curves follow approximately the same slope over the range
examined.

Aluminium, Magnesium, fron and Coleiwn (Table VIIb; Figs. 11, 12 and 13). As would be expected, all these

elemnents have a high concentration in the basic rocks and there is a linear decrease in amount towards the
acid end of the series,

Sodium and Potassivm (Table Vilb; Fig 13, Potassium tollows an increasing trend in amount towards the
avid rocks, but there is a greater concentration of sodium in the diorite range than in either the basic or acid
members. Accordingly, the K /Na ratio mcreases markedly with increasing acidity.

20 DisTRIBUTION OF THE TRACE ELEMENTS

The concentrations of the trace elements i parts per million are given in Table VIIb and are illustrated
in Figs. 11,12, 13 and 14, where they are plotted against the function [(1/3Si+ K)—(Ca +Mg)] and may be
compared direcily with the trends of the major elements (in weight percentages) plotted against the same
function. Some of the relationships between certain trace and major elements are given in Table VIlc. In
Fig 15 Cr, V, Ni, Co and Fe are plotted with respect to the variation in Mg. In each of the linear varia-
tion diagrams the vertical scale for the trace elements is exaggerated either 100 or 1000 times as stated in
the legends accompanying the text figures.

€



28 Foo

fan ]

28 SCIENTIFIC REPORTS: No. 12

All the trace elements of the Andean intrusive suite of Graham Land were determined spectrographically
by methods identical to those described by Mockolds and Allen (1953). Manganese and titanium were
estimated colorimetrically.

The distribution of the trace elements with respect to the major elements is discussed below.

Gallium (Tables VIIb anc ¢; Fig 11). Since gallium has the same charge as, but a slightly larger ionic
radius than, aluminium, it should appear in the aluminous rock-forming minerals camouflaged as alu-
minium. In this igneous series gallium follows practically the same distribution curve as aluminium, being
low in amount in the basic accunalates and at the acid end of the series. This means that there is a greater
concentration o the more aluminous or felspar-rich quartz-diorite-basic diorite group, but where quartz
i5 in excess of the felspars in the acid rocks gallium decreases markedly. In this series there is no appreciable
fluctuation in the Ga = 1000/A1 ratio, the mean of which is 0.25, This is in accord with the results of
Meockolds and Allen (1923} und Nockolds ard Mitchell (1948), who have found this ratio practically
constant,
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Ficure 11
Variation diagrams for Si, G, A1 (all wt, 0;) and Ga (wt, 95 < 1000} plotted against [(1/38i + K )—{Ca - Mg}l

Chronsium (Tables VIib and ¢ Figs. 12 and 15}, In this series chromium decreases steadily in amount from
the basic accumulates o the acid rocks. The distribution curve follows the relatively gradual decrease in the
total modal percentages of the ferro-magnesian minerals (including magnetite and ilmenite) throughout the
3eT1ES.

Lithiury (Tables VIIb and ¢; Fig. 12). Lithium has a considerably smaller ionic radius than the alkali ions,
sodium and potassium. Its ioric size 18 almost the same as magnesium but since the charge is smaller than
that of magnesium, it should be admitted into magnesian minerals and the more highly ferro-magnesian-
rich recks. A certain amount of lithium enters the magnesian minerals, but as the rocks become more acid
the actual amount of lithium increases gradually and quite a considerable quantity of lithium appears to
concentrate in the liquid residuum. In the present series there is a definite mverse relation between the
distribution of hthium and magnesium, and the Li x 1000/Mg ratio increases steadily towards the acid end
of the series.

The distribution of lithiun in relation to the chemically similar alkali ions, sodium and potassium,
follows a similar 1rend. All of these elements are relatively more abundant in the granites than in the
gabbros,

Cobali {Tables V1ib and ¢; Figs. 12 and 15). The cobalt ion is almost the same size as the Fe™ ' ion, so it
would naturally be expected that the former would appear concealed in the latter. Excluding the basic
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Ficure 12
Fariation diagrams for Cr{wt. 7, OO0, Li (wt. 25 1000), Mg (wt. %), Co (wt. % <1000y, Ni (wt. %, - 1000}, Fe
(wi, O and V {wt. U~ 1000) plotted against [(1/38i +K)—(Ca -+ Mg’)]

sccumulates, the Co > 1000/Fe ratio, though ‘whowiing a slight decrease in the acid rocks, remains pr;mic;al‘
constant throughout this series and the mean ratio is 0.36. 1f the effective ionic radius of cobalt is really less

than 0.72 A (Ahrens, 1952), it has a size comparable to that of magnesium. Comparison of Co « !O()U/Mg
ratios for the series shows a slight decrease as fractionation proceeds towards the acid end. The mean
value for this ratio is 0.92. which agrees very closely with that given by Nockolds and Allen (1953).

[n the very basic accumulate {olivine-gabbro) shown in Fig. 12, cobalt and nickel both have the same
value but in the normal gabbros cobalt s considerably in excess of nickel. This lends support to the
suggestion of Mason (1952} that both nicke! and cobalt are removed early in the crystallisation process and
are fixed in the olivine,

Nickel (Tables Vilb and «; Figs. 12 and 151 Though the actual amount of nickel is always lower than that
sf cobalt for this series hv: Ni/Mg ratio shows a constant decrease with progressive fractionation. This
perhaps indicates the wn.hmmmai of nickel together with magnesium in the early stages of crystallisation.

In the Californian Batholith plutonic series, the calc-atkali volcanic series of the Fast Central Sierra
Mevada and the Lesser Antilles volcanic series {Nockolds and Allen, 1953), cobalt is also in excess of nickel,
but in the first-mentioned series there is a reversal of the Co /Ni ratio in the more basic rocks.

!‘5\) The armount of vanadium in the Graham Land rocks

ity, being as high as 800 p.p.m. in the olivine-gabbros and
s nol concentrate in pyroxenes, amphiboles or micas
5 abound in the diorites which have a relatively low vanadium

(‘ml‘élr“ wE to! Iw iron ores which comprise up to 12 % of the modal composition of some

}

Vanadium (Tables VI and ¢
decreases remarkably rapidly with inc
almost rero in the gmnmr‘.i Since v
{Mason, 1952y und since all of these r'u"xiﬁmr
content, it m uf&i ie o
¢f the Terra F

The V,‘,l'*e m.t I8 dﬁx Feases mvm io the acid end of the series, whereas the V/Mg ratio shows some degree
of fluctuation i the same direction

SEFORIUNG ( Tables VIl an 13). In the carly basi: rocks strontium has a relatively small concentra-
tion with a low Sro 100/C but as fractionation proceeds into the diorite range strontium is suddenly
withdrawn, pro \:‘mbly inio the carly basic cores of the zoned plagioclase felspars, together with calcium, thus

b

o
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FiGurg 13
Variation diagrams for Ca w5, Sro(wt, 9 <1003, Ba (wt. 9% > 100), Na (wt. %), Rb (wt. %, =100y and K (wt. 97
plotted against [(1/3S8i+K)-~(Ca-+Mg)].

giving a steep rise in the Srx 100/Ca ratio. Towards the granite end of the series this ratio decreases gradu-
ally from a maximum value. The ratio Sr « 100/Ca-+K shows a similar trend. Because the individual
minerals have not been separated and analysed, it is not possible to indicate whether there is necessarily any
concentration of strontium in early potassic minerals as Nockolds and Mitchell (1948) observed in the
Scottish Caledonian series.

Bariuny (Tables VIIb and ¢; Fig. 131, Like strontium, which may be taken into early potassic minerals
together with potassium, barium has too large an ionic radius to replace either calcium or sodium. Its ionic
radius is comparable with that of potassium, and therefore may be taken into biotite or early potash-
felspar. In the present series this is apparently so, because barium is found at its highest concentration in
the diorite range where biotite first begins to crystallise. The amount of barium decreases steadily as ortho-
clase forms in the more acid rocks. In the early accumulates (olivine-gabbros) the barium content is
negligible. The Ba » 100/K ratio for this series shows a decreasing tendency with increasing acidity.

Rubidieom ('Tables VIIb and ¢; Fig. 13). Since its jonic size is much larger than that of potassium. rubidium
car only vccur as a replacement of potassiwn in potassic minerals such as biotite and potash-felspar
{Mascn, 1952). In fact, the rubidium distribution curve follows that of potassium closely. With progressive
differentiation there is a slight increase in the Rb x 100/K ratio with the mounting concentraticn of rubi-
dium in the potash-felspar of the granites. If the abnormally high value for the highly altered quartz-
diorite (Table VIib, No. &) is neglected, the average Rb x 100/K ratio is 0.57. Nockolds and Allen (1953)
found an average value of 0.61 for this ratio in the East Central Sierra Nevada andesite-rhyolite series,
| for series deficient in potassium (Crater Lake and the Lesser Antilles) this ratio was as low a5 0.28 and
{136 respectively

Zircorium (Tabie VIHDb: Fig. 14). Zirconium can occur as zircon and in the ferro-magnesian minerals of
igneous rocks. It would seem that during the course of progressive crystallisation the greater part of the
zirconium is withdrawn at the biotite-diorite stage and decreases steadily in amount until the concentration
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Fisure 14
Yariation diagrams for Mn (wt. 7 =100y, Ti (wt. 9 > 10), Y (wt. ¢ x1000) and Zr (wt. %, x 100) plotted against
[{1/38i- K)—Ca-- Mg)].

in the granites is small, being represented here by zircon alone. In the mineralogical composition of these
rocks this fact is particularly noticeable, as there is far less modal zircon in the granites than in the biotite-
and amphibole-diorites.

Fetrium (Tables VIHb and ¢; Fig. 14). In actual amount, yttrium has its greatest concentration in the
diorites, which contain a high percentage of titanite. It is possible that yttrium has entered the titanite and
has been withdrawn at a comparatively early stage of differentiation. The ratio Y » 1000/Ca rises regularly
to a maximum then decreases slightly in the most acid rocks.

Scandium, Lead and Molybdenmem (Table Vilb). Whereas scandium has been found in amounts above the
limiit of sensitivity (10 p.p.mx.) only in the very basic rocks, lead seems to occur only in the most acid
diorites and granites. Molybdenunt exceeds the limit of sensitivity (2 p.p.m.) in only one of the quartz-
biotite-diorites {Table VIib, No. 6},

Lanthanum, Caesium, Thallium, Bervliam and Boron (Table VI1Ib). In this series lanthanum. caesiun.,
thallium and beryllium do not exceed their Hmits of sensitivity (40, 15, 2 and 5 p.p.m. respectively). Boroa
was nol determined.

Fivamium {Table VIiib; Fig 14). Since much of the titanium in these rocks probably occurs as ilmenite and
titanite rather than in the ferro-magnesian silicates, it 18 not surprising to find high concentrations {up to
1.2% Tiy in the early accumulates. The amount of titanium decreases regularly to traces in the acid
ditferentiates.

Manganese {Tavle VIHb; Fig. 14). Both Mg ~and Fe ? can be replaced by manganese, particularly in the
ferro-magnesian minerals. The Mn/Fe ratic remains fairly constant throughout this series, indicating that
manganese is withdrawn from the parent magma proportionally to the amount of iron. Nockolds and
Mitchell (1948, in their investigation of the Scottish Caledonian plutonic series, observed that the Mn /Fa
ratio showed an increase in the later differentiates.
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Phospiorus (Table VIib). The somewhat erratic results obtained by the gravimetric estimation of phos-
phorus may be due to the method of determination. For igneous rocks containing less than 0.59 of POy
it is now considered preferable to determine this constituent colorimetrically.

The general distribution oi the trace elements in the Graham Land granite-gabbro series bears the
closest resemblance to that described by Nockaolds and Allen (1953) for the calc-alkali volcanic series of the
East Central Sierra Nevada. L is, however, unfortunate that such a small number of results are at present
available for this discussion and that the extremely acid types, the pegmatites and aplites, have not yet been
analysed.

This igneous ditferentiaton series is associated with the Andean orogeny. It view of this fact, it is not at
all surprising to find that bota the major and trace element distribution trends follow closely those of a
normal calc-alkali differentiation series. In this respect, these results may also be compared to some extent
with those for the Californian Batholith (Nockolkds and Allen, 1953) and the Scottish Caledonian plutonics
{Naockolds and Mitchell, 1948; Nockolds and Allen, 1953).

i, THe PARENTAL MAGMA

From the diagrammatic interprotation of the new analytical data (Figs. 10 10 14} it is possible to obtain
an approsimation of the chemical composition of the parental magma of this series. In Figs, 9 and 10 it is
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clear that on both sets of co-ordinates tae majority of the rocks lie on smooth curves, but at the basic end
of both curves there is considerable scattering of the rock positions. These rocks are interpreted as early
basic accumulates of the parental magma. The rocks that fall on the smooth curves are thought to repre-
sent Jater differentiates on the same line of liquid descent from the same melt. The plotted position of the
supposed parental magma would therefore lie at the basic end of the smooth curves as is indicated in the
triangular variation diagram (Fig. 10). For the present series the approximate chemical composition of the
ntal magma, given in Table VHI, is believed to be close to the mean of Nos. 3 and 4 in Tables Vila,
band ¢

TavniLe Vil

APPROXIMATE CHEMICAL COMPOSITION OF THE PARENTAIL MAGMA OF THE
AMNDEAMN GRANITE -GABBRO INTRUSIVE SUITE OF GRAHAM LAND
(see Fig., 1)

. 1 S
Wy T,
Sir. RN T5 TR Cia® Norm
Titd. [ 1) [ &) (' (R Q 3,36
ALy, R 33 4] [ e o 200 or 10 56
Fe.t, oy Far ! 12 Hy i 15 ab 24,63
Feis £ Fa d9 10 Wit 15 an 3475
M1 (3 413 Wi ¢ Py o e 25 "aSi0, 2,55,
‘ jdi 5.04
Mg 406 Mg 2 25 Yo 25 MgSiO, 10.20
[ hy 16.56
Cal B %4 a 631 TR 650 = FeSiO, 8BS
N, TR N 22y Ba 600 mt 255
[ PR i E5. 1) Rb 75 il .67
Py, 0. i EOREVE YARE 490 ap 1.0
Pesition [61/381 P K- (Ca+Mg)] 1.0
g T4 rFe 50 rCa 63

a4l trace element vilues are extrapotated from the variation diagrams,

A comparison of the chemical composition of the parental magma of the Graham Land Andean intrusive
suite (Table V1) with the parental magma compositions of the ten calc-alkali series discussed by Nockolds
and Allen (1953, Tables & and 9) reveals that the present series is chemically closest to the normal calc-
a'kali pyroxene-andesite-rhyolite series of the East Central Sierra Nevada. There is close agreement not
only in the major elements but also m the trace elements. A point worthy of special mention is that in both
thiese series the amount of cobalt e
described the reverse is the case. Fo
as that for the East Ceniral ta Nevada series,

Here an intrusive series 18 being compared chemically with one of a volcanic origin, It is, therefore.
irteresting to note that though the rocks of these two series have a vastly different mode of occurren
(batholithic emplacement and extrusioni, their chemical behaviour is similar.

]
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GEOCHEMISTRY OF THE ANDEAN INTRUSIVE SUITE OF
PATAGONIA

THE cnly avalable analyses of Andean intrusives from Patagonia (Table IX) were carried out some years
ago. For the purpose of comparison with the Graham Land suite they are now recalculated on & water-free
basis and plotted on triangular variaiion diagrams (Fig. 16) with the same co-ordinates as in Fig. 9.

Taner IX

PREVIOUS CHEMIUAL ANALYSES OF THE ANDEAN INTRUSIVE SUITE OF PATAGONIA

| 4 6 7 y 9 10
Sic), #% A% 0 4950 S50 S90n D13 6035 680 832 o4 S0,
Tio, 2o 0 4 26 )62 . 0.73 0.3 - TiO:
AL T R PET R B BT .02 16 T 17.49 15,95 156 15.41 15T A1.0,
Fe(, [l ;s {70 1 2.89 : 0v FeO,
FeO e T8 5% e 335 5.23% $gx 4.1 i35 FeO
Mn€ 0ot N 9.1z - MnO
 MeO b 4. e it 00 5.30 2.4 g 13 L35 MgO
10 g o 12 s K67 i0LiE s o 3.72 6.28 16 4 83 DO a0
| Nisa O 3 3o 4 0% 234 4 60 4.42 3.50 4.6 3,02 4% Na©O
KO 0 4 0 ad I P.0n e 3.02 0.45 27 .80 Ju o KLO
HOI | 3w 0w L 210 o o 1.04 0. 96 0,25 0 (HO
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i 00 Y - g
BaO G0 .02 - . BaQ
Cr0, .08 - : Cr.0,
Torar 10002 10003 100 66 100.24 10069 101.36  98.16 994 9944 100.52  Torar

R O and FeQ determined as FeO

Lo Bssexite-gabbro, Rio Pinte, ¢Quensel, 1912)

¢ Uralitised hornblende-gabbro, Puerto Angosto. (Bodman, 1916}

i “Essexits”, Cerro Cagual. (Guensel, 1912)

4. Bronzite-orthoclase-gabbro, Cerro Payne. (Quensel, 1912)

Quartz-bearing andendiorite, San Antoniotal. (Stelzner, 1885)

6 Quartz-hearing andendiorite, Yuncantal. (Stelzner, 1885)

Quartz~-diorite, Hoste Island. (Bodman, 1916)

H. Crranite, Puerto Angosto. (Nordenskjold, 1905b)

4 Quartz-mica-diorite, Quarenta Dias. (Bodman, 1916)

i Andengranite (hornblende-bearing biotite-granite), Yuncantal. (Stelzner, [88%)

An nspection of both these trangular variation diagrams (Figs. 9 and 16) reveals that the plot (FeO+
Fe,O.) - - Alk -~ MgO for the Paragonian suite follows identically the curve for the Graham Land intrusives
using the same co-ordinates (Fig. 9). However, in considering the distribution curve on the co-ordinates
K,O- -~ Na, O - - Caly, there is some discrepancy between the Patagonian and Graham Land series. The
curve given by the Patagonian rocks, though sirnilar in slope and shape to that for the Graham Land rocks. is
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FiGure 16
Variaton diagrams (FeQ i Fe,(O -~ Alk - Mg and KO-~ Na,O-~CaO for Andean intrusives from Patagonia.

displaced towards Nu, (). In the hight of this fact, a re-examnation of the distribution of the Graham Laad
rocks in Fig. 9, on the same co-ordinates, shows that a large number of the earlier analvses have a similat
displacement towards Na,O. although there is no marked discrepancy in the (FeO-+ Fe,0,) - - Alk ~ - MgCQ
plot.

This possibly indicates that the carlier determinations of the individual alkalis were unreliable. Total
alkalis seem to have been correctly estimated and the fault appears 1o lie in the separation of K,O from
Ma,O, the determination of the latter being too high.

SUMMARY

1+ the past several authors have put torward hypotheses concerning the relationship between the early
Tertiary intrusive rocks of the western Patagonian cordillera and Graham Land. From a cursory petro-
graphic study of an assortment of rocks from both these regions, Nordenskjold (1905a and 1910) reached
the conclusion that the respective igneous assemblages of the two areas were genetically connected. This
theory was pursued more deeply by Bodman (1916), who supported his similar conclusion with detailed
petrography and a number of chemical analyses. The South American igneous rocks with which he com-
pared his Graham Land material were selected somewhat at random and recent careful examination of
their petrography has shown that some of the acid rocks used by Bodman in his comparison are in fact
much earlier in age than the Andean intrusives.

Barth and Holmsen (1939} have superticially investigataed this problem, supporting their complete argu-
ment for a migmatitic or palingenic origin of the Andean granite-gabbro intrusive suite of Graham Land
with four analyscs, In discussing the composition of the intrusives, they claim that earlier volcanics (pre-
sumably of Upper Jurassic age) are the chief contaminant of the intrusives. Though a certain degree of
contamination of the intrusives is known to occur within the Graham Land area, it is not of such great
rificance as supposed by Barth and Holmsen,

In the foregoing pages, field occurrence, petrography and geochemistry of the Andean intrusives of
Graham Land have been considered.

On the triangular variation diagrams (Figs. 9 and 10) geochemical data for the very basic gabbros show
scattering, but those for the normal gabbro-granite series fall on smooth curves. The former rocks are
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acvordingly interpreted as basic aicumulates whereas the latter are believed 1o lie on the same line of liquid
descent from the parentad maging. On the plots showing variation in the individual elements (Figs. 11 to 14)
with respect to the furction [(1/3Si-+ K)--(Ca -+ Mg)], both the major and trace elements of the very basic
{1.e. accumulative) rocks exhibit deviations and scattering and there is a certain degree of iron enrichment,
but those of the other members o the series follow smooth and regular curves (i.e. He on the same line of
liquid descent ).

As far as has been possible with the limited analytical data, the Patagonian Andean serigs is compared
geochemically with that of Graham Land,

Fhe data given above are lurther evidence that the Andean granite-gabbro intrusive suite of Graham
Land is a normal cale-alkall megmatic series, having been derived by a orystallisation-differentiation
process from a common parcntal magma, the approximate chemical composition of which s given in
Table VI
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APPENDIX

LIST OF PLACE-NAMES, THEIR CO-ORDINATES AND
THE APPROPRIATE MAP SHEETS

SNoTy

Jndy the mic lantude and longitude of cach feature is given,

Names which: are not yet officially accepted are printed in inverted commaus.

Adelaide Isis
Alamode fsland
Slexander Land

Anna Cape

Anvers Dsland

Barn Rock

Berteaux, Cape
Herthelo: Ishots

Hiscoo balurds

Wiack Coast

Black Thumbd Mountain
Blade Ridge

Hooth fsiand
Horchgrevink Nunatsk
Howman Coast

Beabont fddand
Bransfeld, Mour:
Broewn Hiu

Hrvart, 1
Hule
Butiress

{apsimes Lape
E

ooy dalet

Daveo ©oast

v Cloast
Cribhiver Munatax
“Hanult Cape”
Havrck Bile

‘

o islang
5 Ross Istard

VI Sound
r B Coast

Jbeul Thord

5048, 62720°W.
68°30'W.
67°32'W.
70°00°W.
62°27T'W.
63°30"W.
67°33'W.
67°29'W.
64°09'W.
66" 15'W.
61°00°W.
. 66°53'W.
. STO5"W.
5'S., 64°00'W,
L 62730°W,
L 65730'W.
S 62°20°W.
L 5706w,

. S6755TW.
S., 60°55'W.

S, 62°39°W.

. 6647 W,

I VASY: "'

S. 6719w,
FAVS.L 6074w,
R'S.. 67748'W.

4 4578, 62°00'W.
58, 5T°03'W.

3.. 67°34'W.

nT1%'S.,
b 43'S.,
2000S..
64 36'S.,
4 35'S.,
HE42'S
Al S S.,
a2 208,
R S
T 40'S.,
nire

b A

‘5., 61°52'W

H'S.. 20T W,
'S, 60°25'W.
5. 66°45'W.
‘5. 68°06'W,
S)'S., 64°30°W,
38,637 22°W.
5'S.. 65°20'W.
12°S.. 62°40'W.
'SLO5TI6W.
‘S, 67°33'W.
'S STO0W,
8'S.. 6407 W,
15°S.. 57745 W,
‘S, 68°25W.
‘'S.. 68°00°'W.
)'S.. 62720°W.
8L 5T05'W.
67°50'W.

200,000 Sheet 68

200,000 Sheet 74 62
‘500,000 Sheet D.
200,000 Sheet 68 66

500,000 Sheets F. (G & K.

200,000 Sheet 64 62

200,000 Sheets 64 62, 64 64

200,000 Sheet 68 66
200,000 Sheet 6§ 66
{200,000 Sheet 65 64
'500,000 Sheet .
500.000 Sheets H & 1.
200,000 Sheet 68 66
{100,000 Sheet 63 56 NW

200,000 Sheets 65 62, 65 64

+

200,000 Sheet 66 62
500,000 Sheets € & 5.

200,000 Sheets 63 62, 64 60, 64 62

100,000 Sheet 63 56 NWw
100,000 Sheet 63 56 51
200,000 Sheet 71 40

200.000 Sheet 64 42
i200. 000 Sheet 77 66

1+
200,000 Sheet 67 66
200,000 Sheet 72 61)
200,004 Sheet 68 66
500,000 Sheet A
LO0,000 Sheet 65 56 NW.
200,000 Sheet 65 66

200,000 Sheets 701 60, 70 62

200,000 Sheets 72
200,000 Sheet 64 60
J500.000 Sheet ¢

200,000 Sheet 6k 68
SO0,000 Sheets C & 1D
00,000 Sheet 64 62 SW,
S500,000 Sheet

J2000.000 Sheet 66 62
100,000 Sheet 64 56 NE.
200,000 Sheet 65 66

J100.000 Sheets 63 56 NE.

200,000 Sheet 65 64
JR00000 Sheer B

200,000 Sheet 67 68
506,000 Sheets ¢ & K
/500,000 Sheet D

A00,000 Sheet 63 56 N'W,
/500 000 Sheet €

727373

NW.
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éonie Islands
Lizard Hill

roy. Port
Rock

Millzrand tsland
Minaral Hill
Moraine Cove
Maoreno fstand
Meny Frored

Mobby Nunatak
Nordenskgiold Coast
Palmer Archupelago
Palmer Coust
Petermunn Istand
Pignyy Rock
Pyramid The

Red Rovk Ridge

tobinson, £
Roguernal
soow Hill fstand

South Shetluond Istands
.

© Murtak

vinsuly

Taxen Cape

Twig Ronk

Twin Peoks

o Hummock Isfand
 faland

CF G

S., 687 17'W,
5. 57°01'W.
5., 6373("W,
S, HT33W,
3'S.. 67 38'W,
L 05 5ETW,
L 6900w,
V'S, 67 13'W,
208, );
3586 :
V8.6l 15w,
£ 8.0 66 50"W.
SVDETR 56 5% TW.
/ . H0700 W
LR B300W.
'S, 00 W,
S 64 11w,
S, 67 31w,
PERAL
T 05 W,
CSB3TW.
YT10TW,
Y343 W,
856" W,
ST 10W,
S8°00"W.
Y SAW,
LIRS
8T,
32W,
B FEW,
DO,
DR TW
33
3N,

£3

RAHAM LAND :

PAPER [ 349
1/200,000 Sheet 67 68
1/100,000 Sheet 63 56 SW.
1/100,000 Sheet 64 62 SW.
1/200,000 Sheet 68 66
1/200,000 Sheet 67 66
1/500,000 Sheet (.
1/500,000 Sheet ;.
1,200,000 Sheet 68 66

1 /100,000 Sheet 63 56 NW.
/200,000 Sheet 6% 66
/200,000 Sheet 64 60
200,000 Sheet 68 66
100,000 Sheet 63 56 NE
/500,000 Sheet A,
{500,000 Sheet A
/500,000 Sheet A

;200,000 Sheet 65 64
1/200.000 Sheet 65 66
/100,000 Sheet 63 56 NW.
1/100,000 Sheet 68 66 NW.
1 /300,000 Sheet B
/200,000 Sheet 43 66
200,000 Sheet 66 62
1/500.000 Sheet 63 58 SE.
1/500,000 Sheet B.
1/500,000 Sheets A & 8.
1/200,000 Sheet 68 66
1/100,000 Sheets 63 56 NE, NW._ 5F, Sw.
1/100,000 Sheet 63 56 NW.
[ /200,000 Sheet 68 66
200,000 Sheet 68 64
500,000 Sheet 13
J200,000 Sheet 65 64
200,000 Sheet 64 66
100,000 Sheet 63 56 NW
/200,000 Sheet 64 60
1/200,000 Sheet 67 66
1100,000 Sheet 64 62 SW.
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PLATE I

A,

a. The Andean guartz-diorite intrusion of Blade Ridge, Hope Bay, Trinity Peninsula. Mount Taylor {left) and Twin
Peaks (right) lie behind Blade Ridge.

b. Red Rock Ridge granite, showing its characteristic myrmekitic texture: outcrop beneath The Spire, south side of
MNeny Fjord, Marguerite Bay (E.39,1; X-nicols; 19,

<. Basement Complex xencliths in the quartz-diorites of Longridge Head, Laubeuf Fiard,






