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ABSTRACT

Tis report augments the observations recorded in an earlier publication (Faikiland Islands Dependencies
Survey Scientific Reports, No. 7y on Lhc mentary succession of South Georgia, and also includes the
results of field and laboratory w uri on the igneous ccmmﬁ!ex in the south-castern part of the island.

The application of recently mulm ,hui wuork on the origin of greywacke facies deposits to the sedimentary
rocks of South Georgia has led to 1 hﬂ conclusion that the Mesozoic Cumberland Bay type gre *wm‘fw ;

which are composed mainly of mﬁ_ AN terial and form the greater part of the island, were laid down sy
a succession of northward-f y currents on a gentle submarine slope on the no h side of' a

volcanic a m‘“him’iwn‘) Altho: ywmation is given on the Sandebugten type greywackes, which
are not of voleanic origin, precise rzlationship to the younger Cumberland Bay type ks 15 still
ancertain. Pillow and massive lavas, including basalls and spilites, are interbedded with part of the
Cumberland Bay type ro

The intrusive ignw‘ms« oy 4l ath-castern end of South Georgia is com iposed of gran

rante-gness, migmatite s well as large gabbro bodies, which are sometimes layered.
ﬂac emplacement of b ks was pr obably contemporanecous with orogenic movements,
which resulted in the fo AN ; , the sedimentary rocks, while the basic rocks were
probably intraded at a later date, Two intersec tmw sets of dykes cut both the igneous complex and the local
sediments and lavas,

A synthesis of the structural evolution of South Geo

ria in its regional setting 1s also presented.
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[ INTRODUCTION
A. SCOPE OF THIS REPORT

THIS report embodies the results of geological field work carried out by the second South Georgia
Expedition (October 1953 to April 1954) under the leadership of Duncan Carse, and subsequent laboratory
work at the University of Liverpool. It augments and amends the previous report (Trendall, 1953), which
was based on field and laboratory work carried out in 1951 and 1952. Although new evidence has modified
earlier opinions, the first report contains much factual information not included here.

The routes followed in South pia during 1951 and 19534 are shown in figure 1.

P = N

- b e ey
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RN
PRINCIPAL DAY EXCURSIONS
LANDINS W
> MILES ile)

Cape Disappoiatment g

O KILOMETRES 30 :

o

Fioure |
Map showing the writer’s routes in South Georgia during 1951 and 19534

The petrographic descriptionss in this report are based on the examination of thin sections cut from:

(i) 35 specimens collected in i

(11) 192 specimens collected in 1953 -4.

(i) 109 specimens collected by G. V. Douglas, geologist 0 Shackleton’s Quest Ex pedition of 1921, These
slides are now in the collection of the British Museum (Natural History).

(iv) 79 specimens collected by D. Ferguson in 1915, These slides are now in the H unterian Collection of
the University of Glasgow.

A review of geological work carried out in South Georgia between 1884 and 929, and a map showing
the position of the island in the Scotia Arc has already been published (Trendall, 1953).




4 FLDY STIENTIFIC REPORTS: No. 19

B, GUTLINE GF THE GEOLOGY OF THE ISLAND

The chief features ol the w*e»}mf
report. The island 15 composed principally of <;hg,htiy metamorphusvz d wdnnemnv N)Ukb Between
Cumberland Bay and ("“ipe‘* Charlotte there are grey quartzose gr cywucku while the remainder of the
sedimentary rocks consist of greywac kes pro mbly formed entirely of volcanic debris. The upper part of the
sedimentary succession contains intercalated lavas, and fossils of Upper Aptian age have been found on
‘\nneﬂkov Island (Wilckens, 1947 ) At the south-eastern end of the island there are both acid and basic
ntrusive s rocks, the injection of which is probably essentially contemporaneous with the earth
movements res ":mwih}x.; or the folding and m 1.;mmryphnn of the sediments. Although the acid intrusive
rocks locally form migmatites, the pru ise mode of origin of which is uncertain, there is no widespread
development of hi: de regiconal metamorphism. The rocks immediately a d‘}a‘u: nt to the edge of the
aeid intrusion ar amphibole phyllites which pass quickly into sedimentary rocks with clearly
recognisable clastic g

In this report the se CRiHTY 10CKS are descr
and V. The later sectons are

ived in Section 1T and the igneous rocks in Sections L1, 1V
logy of the island.

>

COTCRT factual and theoretical synthesis of the geo
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SEDIMENTARY ROCKS

AL IMTRODUCTION

f two types: quartzose greywackes (ba wdebugten Series of
imberiand Bay Series of Trendall, 1953). It is uncertain
series or form parts of a single wuhmcm‘uy series of varying
lithology. or and agamst these twe views, set out by the wr riter in 1953, is supplemented by
.[ddltlm aL] n:wm nee in lh;. paper. but it is still inconclusive. However. it has been decided to include the

sion in the Cumbertand Iia‘v Sencuw and to mlm to the 1uﬁ}1u ous grevwackes as
v type’ and to the quartzos ‘ as “‘Sandebugten type”. The following account
is «.:«:)m:nifrzmrd with new evidence wnd with the re i .m: prt.tcl.tion of previous evidence. Gre ter familiari
with the literature on turbidity current deposits has particularly affected the section dealing with “facies

TuE sedimentary rocks of South Georgia are o
Trendall, 1953) amz.i tuflaceous grevwackes |

4. FACIES

I

a. The 'Tm:?\iu,':a;xﬁ Ciraded Bed

ure [A and po 1050) refers 1o an “ideal type™ of graded bed. Such a bed is not simply
L;w‘mr” o H graded beds

Kuenen (1% :
“highest comn
{events taking

s of any one locality; it is probably also the result of a cycle
slest possible way. It is such a bed which is referred to here and its essential
"ypical graded beds are shown in plate 1b.
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(i) Each bed is between 6 in. and 6 ft. thick, and the top and bottom are sharply defined, the top by the
overlying coarse base of the bed above, and the bottom by the underlying fine top of the bed below. The
mean thickness of measured beds is close 1o 2 ft

(11) Each bed is divisible into two parts separated by a sharp break; the lower part is coarse and graded
whe reas the upper part is finer and not graded. Although their relative thickness varies widely, the upper
part is usually less than half the thickness of the lower part.

(1) The lower part consists
at the top; the thicker the lo

ol coarse greywacke at the base grading into fine, dark tufl or siltstone
¢ part of the bed the coarser the greywacke at the base. The coarsest grey-
wacke seen in South Gec had abundar garainf-; & mmi. in diameter (Cumberland Bay type: Ross Pass
area). Most of the larger grais 15 A5C S b-rounded 1o sub-angular, but in the Cumberland Bay type there are
abundant angular crystals mf pli . At any level in the bed the sorting is poor. the interstices between
the recognisable grains beir

(1w} The upper part may b Ccoarser material
may be present. fn part, at Eolis ﬁu iv lam nmui with as many as twemy ddrkeh and lighter-coloured
bumids within an inch, and the individual laminae may be well graded.

b Variations from Type

Ir both the Cumberfand Bay and Sardet hugten types, var iations from this ideal graded bed are the rule
rather than the exception. Although the variations may be so great as to make interpretation on the model
described above difficult, twe forms may be recognised:

(iv Omissions, and (1) Yarations in the nature of the grading.
rated top of the lower part to be omitted, the upper part resting directly
tis alse cormmon for the whole of the upper part to be missing, the base of
tly an the fine top of the lower part.

(i: It is common tor the fine-
on medium-grained greywacke, |
the next complete bed resting d:

(11) The lower
see Drendall, 1¢
is difficult to see.

part may consist of a series of grades, each slightly finer than the one below (intra-grades
3,p T and 16} The lower part s either not graded at all or is so uneven that the grading

¢. Other Features of the Graded Beds

With the exception of those noted in Secuion VI, the depositional structures described below, while not
essential to the typical graded bed described above, occur more or less commonly.
re it both the Sandebugten and Cumberland Bay types. Minor distor-
id in xmrﬂlwcalc structures it is difficult to distinguish between slumping
and convolute bedding. This has | out by Kuenen (1953, p. 1054), who sees a sharp difference
between the origins of the two str vpical examples of these structures are shown in figures 2 and 3.
[t is common for beds with slumping or convolute bedding to show even margins (figures 2D and 3E) and
it is possible that the frequency of occurrence of these structures has been underestimated, since they are
only visible on clean surface nd convolute bedding may occur in either the upper or lower
parts of a graded bed.

(i) 8 \mp 1g on a large scale is r:
doms of the bedding are commor

(i) Load casty (Kuenen, 1953 038) wr flow casts {Schrock, 1948, pp. 156--60) are alse common

throt (,.f‘ull"l‘l berland Bay Series (figure 3B). The structures already described by Trendall (1953,
pp. "'g mark™ (Schrock, 1948, p. 161) are undoubtedly load casts. They are present at
the ba reds and may pass inm minor slumps. Similar structures may be pr u«iuum,u.ﬂ tectoni-

cadle ( nwm
d dark tuff o siltstone are commonly included in the graded grevwacke of
1ese may be angular and elongate, suggesting considerable compaction of the
hefore erosion by a subsequent turbidity current. Alternatively, they tmv be
art from the tvpe of structure shown in figures 2B and C no evide

(i) Fragments of fine-gran
the tower parts of the beds. T
upper part of a graded be
rounded and equidimensional. A
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Structural features of the Cuamberiand Bay type:

. Slumping in green tuffaceous sl

FiGURrE 2

deposition of the overlving tuff,
onvolute bedding with slight erosion. The folds are slightly asymmetrical and suggest that the original bottom
e was from left 1o right. ed from a photograph taken in Right Whale Bay.
Convedute bedding with no erosion before deposition of the overlying tuff. The original bottom slope was from
i8] hale Baj
h'

ed onie origin, The grains in the coarse (stippled) tufl’ above are elongated
paralle! g ark tuff, in the direction indicated by the pecked lines. Traced from

a photogra
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)
] TQ)
§ A

Frovure 3

Diepositional structures i the Cumberland Hay tvpe
A. Long fragments of fine black tuff within & graded bed. West coast of Moraine Fjord.
B. Load casts at the base of & graded bed near the Ross Pass. The structure indicates a bottom slope from left to
right.

oA Upull-apact” and pregular breaking of the upper sur
coarse tuff. Right Whale Bay

05s-bedding and contortion in the upper part of a graded bed, which has an irregular junction with the base of
- graded bed above. Part of a large beach boulder at Grytviken.

C ing in tine tuff at Right Whale Bay. The slight asymmetry of the folds

> of a thin bed of fine green tufl between two beds of

has been found of the erosion of the upper part of graded beds, although this was specifically searched for
in the tops of beds immediately below those with abundant fragments. The angular, elongate (generally
about 6:1) fragments rarely exceed 6 in. in length but the rounded lumps are usually larger. One rounded,

fine-grained, dark block in the Camberland Bay tvpe at Holmestrand was ovoid, 1 t. long and 6 in. thick,
and centrally placed in the lower part of & graded bed ! 1. thick. This is not unusual. Another common
feature is the occurrence of a string of small fragments at a single level in the lower part of a graded bed.
Figure 3A shows strips of dark rock which have withstood disintegration. It is possible that the occasional
appearance of in situ brecciation is due to the final breaking up of large blocks which have been carried
safely for long distances.
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tiv) Cross-bedding commonly cccurs in the upper parts of graded beds of both the Cumberland Bay and
Sandebugten ty m:s, Hv cross-bedded units are usually thin, being seldom greater than two inches and
usually between a half and one inch thick. They are of even thickness and several are often found in succes-
sion. The upper part of the foreset beds may be truncated but the cross-bedding is often complete.

1v) Pull-apar ris {figure Y 2 ave been seen rarely in the upper parts of graded beds but small cracks and
veinlets filled with later tuff are | tairly common throughout the Cumberland Bay Series (figure 2A). Also,
twoy larger sedimentary o uﬂu S (st Hku 140 truey,

(viy kuenen and Caroszi 54 365) have pointed out that “each ancient basin™ (in which graded
beds have been studied) “appears (o be entirely or partly characterised by emphasis on some features, while
ather properties may be scarce or poorly developed.” Thus, the sediments of South Georgia do not exhibit
all the !«yam which commonly oceur in rocks of similar fucies elsewhere. No flow marks, flow grooves, or
flow rolly hr ' st fully described by Rich (1950) were observed ‘MLhmeh their absence may be due
partly to 1tu ion, these structures are also absent in the least hl;,«:m.:sl,ﬁ;:ci parts of the Cumberland
Baw tvpe, al W wnkov Island wnd along the south-west coast. Neither current rippie-marks nor slide
conglomerates have been Tound,

filled with coarse tuff, were noted in Right Whale Bay.

oy

2o Lateral Variaiion
a. Small Scale

Both the Cumberfand Bay type and Sandebugten type greywackes are remarkably uniform within the
boundaries of a single exposure. Nowhere was a recognisable graded bed seen to dse out or to change
significantly in thickness laterallv. At Grytviken, the only locality where there was time for detailed
measurements, the total thickness of a sequence of four graded beds varied from 15 ft. 10 in. to 15 ft. 6 in.
in 100 fi. Within this measured sequence the lower part of a single graded bed varied from 15 in, 10 18 in.
while he upper part of the same bed varied from 5 in. to 4 in. Also, in the same bed individual stripes less
than half an :u ch thick in the upper part were seen to persist throughout the 100 ft. between the two
measured seotions,

Apart from the consisteney m thickn graded bed arc constant through-
out each exposure E*a i example, @ bed baving convolute bedding, which is absent in the adjacent beds, is
tikely to show convolute buld}mv uhmughoul the exposure, whereas the adjacent beds a

e unlikely to
develop this stracture. Kuenen and Carezzi (1953, p. 364) have noted this fact in beds of similar facies.

O the sk south Georgia there ts very little lateral variation in the facies of the sedimentary rocks.
In all the localities visited between Cape Charlotte and Foul Bay the rocks conform to the description
above. However, on Annenkov Island, and to a lesser extent in the exposures south of Cape Charlotte,
there 1 a difference in facies.

The sediments of Annenkov Isltand differ from the typical Cumberland Bay type in the following ways:

(1) They consist mainly of thin ‘between 3 in. and 1 ft.) alternating beds of fine-grained, dark striped
tufl and coarser (up to 4 mm, graim diameter) tuffs. Considerable thicknesses of fine, dark tuff occur alone,
andd the coarser grades are confined 10 thin beds

{riv Cirading s inconspicuous though sometimes present in the coarser tutls.

(11) Cros
marks wnd J"!\;“w
striking (plate Ta).

nvolute bedding, dark fragments in the coarse tuffs, flow
he contrary, the evenness and regularity of the bedding is

DN

:ooT seen,

mouth of Cape Charlotie (Wirik Bay and Cooper Bay area) the Cumberland Bay type, while essentially
to the exposures further to the north-west, appears to have some characters i common with the
rocks. Although tvpical graded beds are clearly recognisable, there are great thicknesses
ol fine, dark i t] ai ded greywackes are often thin. Cross-bedding was not found, even in an
excellent clea 1051 re: of the glacier snout at Wirik Bay. In most exposures the deformation
s ton severe to expect the preservation of depositional structures.

simida
Annenkov Islang
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€ CONDITIONS OF DEPOSITION
. Cumberland Bay Type
. Current Dhirection

Wherever possible, the current direction, indicated by cross-bedding in the upper parts of graded beds,
was estimated. The consistency of direction at ach locality examined made this estimation straightforward.
The directions are shown in figure 4.

f

b : v
o . : AT
S et ¢ 1 L é
HERBCUR © * v
nh e
N ‘
{
o "
,"

et
e

: fm CAPE CHARLOTTE

THE APPROKIMATE  CURFENT  DIRECTIONS

ARE CHOWN BY ASACW! e g *Ct“tt} HARBOUR
i

ok

FiGuRre 4
Map showing currvent directions 'ndicated by cross-bedding.

h. Bottom Slope

The bottom slope may be assumed to be parallel to the current direction. This was in fact confirmed by
observations on convolute bedding and minor slumping (figure 2), and of load or flow casts. Only load
casts of the type shown in figure 3B can be used to determine the direction of the bottom slope. Kuenen is
of the opi‘n'iion that convolute bedding is formed during, rather than immediately after, depositior. Most of
the convolute bedding in the Cumberiand Bay type is transitional to slumping and, because of the commaon
association of convolute bedding and elongate load casts, it is considered to have been formed by post-
depositional flow.

Kuenen (1953, p. 1060) has set out criteria for the recognition of graded deposits formed on gentle slopes
or on fevel basin floors. These are listed below with comments (in italics) only when the description is not
appropriate to the Cumberland Bay type:

{1) Extreme regularity of beddin

(it} Absence of true slump 1'4‘.K't,>.t;‘!‘ ures, which are present in South Georgia but there is no large-scale
slumping

{11} Pelagic deep-water b the graded bex



Y PLbS SCIENTIFIC REPORTS: No. 19

(iv) Upward grading in each bed to very fine sediment. The grading in the Cumberiand Bay type is often
only 1o a fine grev tuff with ciastie grains visible in the hand specimen.

o~

iv) Thin graded beds of fine grain. These are present in the Cumberland Bay type but are not common
( f ’I gre 24 ).
ivi) Absence of current ripple-marks,

(vily Supply fram varving cirections, 7

w current direction in the Cumberland Bay type is very consistent.

The precise slope of the botton: is difficult to estimate from evidence available in the literature. However,
it is clear that coarse sands may be carried for long distances in turbidity currents over slopes of | or 2°
(Shepard, 1951 with further references) It also seems possible that a slope of this order would be sufficient
tor ""‘wduce sluriping, since Kuenen 119535, p. 105%) has noted the presence of a coarse slide conglomerate on
a slope of less a,%;su:‘ 5

i

oo Depth of Water

It the sea-Hoor, on which the Cumberland Bay type sediments accumulated, is aswumu to have sloped
evenly in the direct:on shown in figure 4 for a distance of 100 km. with an inclination of 2 there would be a
drop of 3500 m, M* 'm ith to north. This disregards any contraction of the distance by folding. The small
lateral variation v this distance suggests that the entire succession is of deep water origin.

Sandebugten Type

Foo few observations of cross-bedding in the Sandebugten type sediments have been made to be certain
of the dominant current direction. A succession of six cross-bedded units near Sandebugten indicates that
the source of t liment was to the east-north-east. Scattered observations between Cumberland Bay and

oyal Bay, however, reveal no consistent orientation. It is therefore clear that the depositional environment
of the Sandebugten type was different from that of the Cumberland Bay type with its consistent cross-
bedding direction.

=

D. PETROGRAPHY

Foar petrographic topics. about which information was lacking in 1953 or which have since been studied
in greater detail ure discussed in this section:

(1} the presence ol almost undeformed graims (notably of sandstone) preserved within a calcarecus
concretion in the Sa w‘t.rm,ag eI type,

i) a review of the | graphie variation within the Cumberland Bay type,

(ul) the composition of clastic Telspar grains, and

vy the mode of ocoarrence

ol prehnite,

. Sandebugren Type

A thin section from a larg careous concretion in coarse greywacke, approximately one mile south-
1-west of Rookery Bay, re that the interstitial calcite has protected the grains from serious
ll,u»ra‘m:y Al recticn runs through the concretion parallel to that in Hm surrounding grey-
cke, Inthin s defined by a preferred orientation of the long axes of the grains and by thin, dark
terminate which are sub- pw—mllm and irregularly undulating. Part of the thin section is c;hown in
plate 1V . Hw the absence of distortion the grains are clearly recognisable and 86 rock fragments larger
than 0.5 pany, dir in the section were identified as:

T N ol grains
Quirriz Single felspars 5
Sundsione Quartzite 5
Lawva : Indeterminate [2

porancoes
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Of these grains, which are rounded o sub-angular, sandstone has not previously been seen in Sande mg-
ten type rocks, and quartz is normally distorted to some extent. The quartz is quite clear and shows no sign
of strain extinctior. Two grains are strikingly embayed but this may be due to replacement by the surround-
ing calcite.

The variation among uu "‘4 angular to sub-angular sandstone grains is slight and is mainly in grain-size,

the largest being 0.3 mm. in diametes - They are wmpnwd essentml]y ol quartz which almost invariably
shows strain extinction. A ‘» W ETAING ] | > and sharu,, are also present. The
mtmg is poor and the interspces m ween the gn alns sdlc,d with matendl which is mdmu mmaw mdel
the microscope bm wh b iv consists of c:rlmh and cryptocrystalline silica. In some of the finer
sandstones there ] ation of the grains, possibly repr esmlmp the beddi ing of the original
sediment, but ih‘m ig dbwm in the coarser grades. A typical sandstone grain is illustrated in plate IV¢

16

2. Cumberland Bay Type

been possible to examne thin sections of Cumberland Bay type rocks from many
localities along the north coast between Elsehul and Prince Olav Harbour, from Cape Paryadin, Holme-
strand, Rocky Bay and Undine South Harbour on the south coast, and from Annenkov Island and the Cape
“ooper Bayarea. The following brief summary is intended to augment the petrographic description

]

in The Geology of South Georgie-—i (pp. 19201, which was based on a less representative collection of slides.
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FIGURE 5

Map showing the localities from which thun secticns of Cumberland Bay type rocks have been available for

examination, and the localities used for the determination of the composition of plagioclase fragments in both
Sandebugten and Cumberland Bay types shown in figure 6,
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There is strikingly litih“ petrographic variation in the Cumberland Bay type between the Ross Pass area
and the north-western tp of South Georgia. In thin section the coarser grades are composed of rounded
to sub-angular grains of lava, together with more angular grains of felspar (single crystals) and subsidiary
an‘mums of quartz, detrital amphibole and pyroxene. The appearance in thin section varies widely with the

5 ll mscm nible. The secondary minerah such as calcite, clinozoisite, chlorite, biotite and muscovite only
begin to mask the original nature of the rock in the Wirik Bay-Cooper Bay area. These thoroughly
m ct.mmrph()%n rocks are descrit ater (p. 18).

On Annenkov Island the coarse tuff is similar in thin section to that of the main island, but the following
Sli}ﬁ'ht differences were noted:

} The large grains are more angul
n)w *‘\]t}u‘)ugh the sorting 1s poo: there 1s less pelitic material. The larger grains are closely packed and the
interstices are filled by s idary caleite.

3. Felspar Composition

The compositions of 89 clastic felspars from nineteen thin sections were determined.* Seventy-nine of
these were from fifteen thin sections of Cumberland Bay type tuff and 10 from four thin sections of Sande-
bugten type ro e focalities of which are shown in figure 5. All the grains proved to be plagioclase and
the distribution of compositions is shown by a histogram in figure 6. Of the albites, 20 from the Cumberland
Bay type were confirmed to be the low ternperature form by measurement of the 2V. The 10 albites from the
Sandebugten type were all low temperature forms,

—
‘ S|
} — T

o SO 1o
ALORTHITE %

FIGURE 6

Histogram showing the compositions of 79 plagioclase lragments from Cumberland Bay type tuffs, and of 10 plagioclase
fragments from Sandebugten type greywackes (diagonal ruling) from the localities shown in figure 5.

4. Prebnite

Prehnite occurs as a secondary mineral in all the Cumberland Bay type exposures at and north-west of
the Ross Pass area. It has not been seen either in the undeformed rocks of Annenkov Island (where
secondary calcite is abundant) or in the highly metamorphosed rocks of the south-east. Within its area of

*The method of plagioclase determination is described in Appendix 1.
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OCCULTence i ldppcaw to be more abundani in the north-west but this may be due to the fact that it is more
conspicuous in the field in that direction. In the field, four types of occurrence are recognisable:

(1) Small, irregularly-shaped. pale conspicuous clots scattered indiscriminately through either fine black
or coarse grey tuff (figure 7A)

(ii} Similar, but exceptionally abundant clots in bleached aureoles (p. 17).

(1) Small (about 2 mm.}, closely-packed s than the en-
“lmiuﬁ rock, thus giving a vaguely speckled appearance to the tuff. Such clots very rarely attain a diameter
of 10 mm.

bands intercaluted with the black laminated tuffs of the upper parts of

{ é.v b Sharply defined, thin wh
wraded beds.
Prehnite clots of the first tvpe may oe easily confused in the hand specimen with clastic felspars

" b o

CUIRAGE OF AN
S PREANITE

Figure 7

The occurrence of prehnite

A, Prehnite clots (black) i the fine dark 1uffs of Kight Whale Bay. The clots are irregular in both shape and
orientation,

B. Part of a thin section of a clot similar to those shown in A", Calcite (black) fills sub-parallel groups of cracks
in “fans” of prehni b e also small irregular areas (mppled) filled by an aggregate of quartz and sericite.

. A single plagioclase fragment almost entirely replaced by six (numbered) optically distinct areas of prehnite. Ross
Pass Area.

3. A rounded skeletal ag
of stippling. Wilson

s composed
described
cation was

(15«6 mm.)clotin black tufl from Right Whale Bay reveals that it s
rehnite with the cracks filled bv calcite (figure 7B). Prehnite was fir:
tary rocks of South Georgia by Tyrrell (1930, p. 39), whose identif

A thin section of a large
of fan-like aggregates «
as such from the sedime

!
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confirmed by Campbell Smith. To confirm that the mineral of the clots is that described previously, a thin
section was examined on a universal stage and the positive 2V was found to be 70°, with + perpendicular to
the prominent cleavage and radial to the fans. The high refractive indices and hluefrmgrm e also confirm the
identification.

In thin section the boundaries of the clots in the fine tufls are sharply defined. However, in the coarser
ml% m, preh; & “nmmuui\ replaces a single felspar (?) in an aggregate of irregular areas, each optically

Prehnite aggregates may also cut across the grain boundaries and replace both
e "sp ‘:,ukl: " type of occurrence (iii, above) the ellipsoidal bodies are made up of
vague optically continuous areas (figure 7).

E. FEATURES OF DIAGENESIS

Two demonsirably pre-tectonic and pos:-depositional features of the sedimentary rocks are described in
this section. Both of these were mentioned brieflv in the Geology of South Georgia—1I. They are:

(i) Ellipsoidal calcareous concretions from the Sandebugten type (Trendall, 1953, p. 8), which are now
believed to be the same as the “limestone nodules™ of the Cumberland Bay type (Trendall, 1953, p. 16).

Such concretions appear to be a common feature of a wide variety of sedimentary rocks, but there is little
published information concerning them. Weeks (1953) has recently described similar concretions from
Cretaceous shales of Colombia. Since they occur in rocks of approximately the same age and of the same
geosynclinal belt, the concretions of South Georgia are described in some detail below.

(i1) Bleached aureoles around dark tuffs or mudstones, either in situ or as fragments in coarser rocks
{Trendall, 1953, p. B, 16).

Qeccurrence, Size and Undeformed Shape

Calcareous concretions are a hu sdant throughout both the Sandebugten and Cumberland Bay types. They
range in size m.wa'n lzss than 1 in. 1o a maximum observed length of 15 ft. On Annenkov Island, where the
""" 3 riu Ml undeformed by folding, they are oblate spheroids with the short axis
;_m pcamjzc Lﬂd rioth e small conecretions (2 in. or less in diameter) show an «:“}nngatiun along the
bedding of about 32 ‘ !'nw the larger ones are generally elongated by 5 or 6: 1. Their shape after
deformation is described below.

The coneretions have
the upper or o
hedding pm'w :
thern to resen
however, ¢ Hm r
iﬁ'wlm;im;3 pmw ‘

Lo b(‘ I me ied within individual beds, either a complete graded bed or
i 1o be due to their 1n:1b1]1ty Lo grow across a sharply defined
curious shapes as that in figure 8A. This property may cause

sedd and one example of a concretion, 6 it in thickness and

aded beds, has been observed.

CATS & lattonship 1o the grain size of the enclosing rock. At any one locality

5 Cul M 1 l ree scattered concretions whereas the finer rocks have smaller, more

liffs of Right Whale Bay, where the concretions in the Cu mlwuﬂ;smi Bay type
i sposition of certain beds 10 grow concretions. These beds

M y he ¢r

| s Lo be a prec
ity mm respect i"w m those possessing fewer concretions (fi

W ELE

=
£
—
e,
ol
A

b Petrography

In thin secuion the mal

rial of the concretiors is similar to the greywacke immediately outside the
boundary except that it s replaced by calcite to a variable degree. Normally only the matrix and the small
graing are replaced, leaving tl wer grains of lava, felspar or quartz unchanged. Exceptionally, the entire
rock may be replaced ( EM&L re 8D). Ur f '
dark with carbor : (
amount of replace
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Calcareous concretions from Right Whale Bay,

A. Concretion (black) with the shape controlled by & well-defined bedding plane.

B. Concretion with upper and lower surfaces controlled by bedding planes.

(. CIliff showing: (i) greater abundance of concretions in some beds, (i) concretions sometimes controlled by and
sometimes cutting across bedding planes, (iii) "“flowing" of bedding around concretions, (iv) thin calcareous band
resembling bedded limestone, and (v} average elongation of about 5:1.

D "!”hin_ section frpm concretion in coarse tuff. The “grains” are clear but the rock consists entirely of calcite of
varying grain-size,

¢. Bvidence for Time of Onigin

(i) The concretions are, as described below, deformed by the folding and their calcite shows clear
evidence of distortion. In the Sandebugten type they contain grains of unstrained quartz, which does not
appear outside the boundary of the concretion. They are therefore of pre-tectonic origin.

(ii) One of the two sedimentary dykes found in Right Whale Bay (see p. 8) cuts through a calcareous
concretion (figure 9A). It seems unlikely that such a concretion would be formed in two separate parts
without affecting the tuff of the dyke

(iii) Bedding planes can be traced through concretions and are also slightly curved around them (figures
4A; 9B). This was first noted in Right Whale Bay, where the concretions are deformed, but it was later
observed on Annenkov Island The concretions must therefore have been formed before complete
compaction

bedding through the concretions (figure 9F) indicates that the calcite is
not formed during deposition.

{ivi The contunuation of cross-
of a replacement origin and we
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Features of calcareou
AL Sedimentarn

CONCretton

hva concretion in Right Whale Bay. Traced from a photograph.
B, Coner flowing™ of bedding planes and (ii) continuation of bedding planes through the

tht Whale Bay with the beds not folded.

1 Right Whale Bay (n the axial plane region of a small local fold
on the west coast of Moraine Fjord,

k. a large concretion (thick lines) in Right Whale Bay.

Toss-bedding contin

£ through
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. Deformation

From the evidence of the concretions on Annenkov Island it is assumed that if a concretion is sufficiently
small not to be controlled by bedding planes then it was originally an oblate spheroid with the shortest axis
perpendicular to the bedding. The direction 4 is defined here as the direction of the fold axes, the direction ¢
as the direction in the axial plane (cleavage, foliation) which is perpendicular to &, and the direction a as
the direction perpendicular to both ¢ and / (i.e. perpendicular to the axial plane).

Both in the Sandebugten type and Cumberiand Bay type the concretions are flattened in the cleavage
(axial plane of the folds). The elongation in - relative to a is proportional to the intensity of the immediately
local folding. In the Right Whale Bay area, where the cleavage strikes east-west and dips steeply southwards,
much of the bedding has a southerly dip less than 30°. In such beds the concretions are apparently un-

Fraurg 10

Outlines of the grains in five thin sections of coarse tutf from the Cumberland Bay type of A, Grytviken; B, Prince
Olav Harbour; C, Right Whale Bay; D, Cape Parvadin: and ¥, Annenkov Island. The lines B-B and CL-C1L. show
the direction of bedding and cleavage respectively. In “A” the grains are deformed. In “C”, although there is a long
axis orientation of the grains which cannot be a depositional feature, it is possible that the grains have been rotated
rather than deformed. In D™ and “E” there is apparently neither deformation nor rotation.



18 Fi.DS SCIENTIFIC REPORTS: No 19

distorted but in the axial regions of local folds there is considerable distortion (figures 9C, ). Around
Grytviken, where the cleavage is much stronger, the a:c distortion may be as much as 1:20 (figure 9E).

The relative elongation in b is much more difficult to estimate. In Right Whale Bay a cliff with a ¢b
{cleavage) surface showed an average elongation of the concretions in b of 5:1 (figure 8C). An ac (joint)
face at the end of the same cliff showed that the concretions were elongated 2:1 in ¢. These two proportions
could not have been achieved from nodules originally circular in plan and without elongation in 5. Along
the east coast of Cumberland Eust Bay ab sections of Sandebugten type greywackes commonly show
concretions with an elongation of 10: [ in b. Exposures where all three dimensions of single concretions can
be measured are difficult to find. From observations of average elongations on separate faces it can be
concluded that:

H As a result of Tolding the nodules are flattened in the axial planes of the folds, i.e.. there is elongation

n both b and ¢ relative 1o

b

l,‘u)w The relative elongation m ¢ is dependent on the local intensity of folding.

(i} The elongation in 5 relative to ¢ i& not known,

2. Bleached Aureoles

Concerning these structures, which are demonstrably pre-tectonic, it was previously stated (Trendall,
p. 16) thar *itv is not clear whether they are of depositional origin or formed by later leaching”. At
that time it was clear that some of the bleaching was not of depositional origin, since it was known to occur
adjacent to bedded tuffs and to cut across bedding planes (Trendall, 1953, figure 15A, p. 17). It was,
however, thought possible that the aureoles around angular black fragments, which occurred singly or in
clus migl t t mud accumulated by the fragments rolling down submarine slopes. This inter-
pre dtwm is now th wht to be incorrect, hecause in a beach boulder at Grytviken it was noted that bedding
planes in the aureole of bleached laminated siltstone surrounding a fragment continued unbroken into the
similar, but unbleached, siltstone outside the aureole. Since the tuff within the aureoles is frequently more
abunds ml]w prehn 1 than that putside, it often appears to be devoid of structure.

i

. METAMORPHISM

Development of Secondary Minerals

A number of secondary minerals, principally prehnite, are widely distributed through the sedimentary
rocks. The occurrence and nature of these have already been described in Section ID above and in The

umlogy oj &wm nmrv ia- I ( meda 1, 19‘53 p 15 20) The present desmptmn of met (mmmhlsm is only

ﬁ-xamirwd near the no
Bay area (figures 19,

2. The Wirik Bay-Cooper Ba; Area

in 1he<;uﬁ’* areas is a mmng planar structure (which is locally either a cleavage,
fn mmm the strike of which is sub-parallel to the margin of the nearby igneous
ally han a steep north-easterly dip. These rocks range from grey-green, fine-grained
" ' s, showing vague residual banding which is often intensely folded.
msist of am phibole and chlorite with varying amounts of plagioclase,
- e is shown in plate IVd. In this section the small chlorite flakes (0.01
} are som etimes slightly bent around the puckers and sometimes arranged un-
» the puckering, each flake being at a very slight angle to the last. Amphibole, in
diameter, is the dominant mineral in a section from Cooper Bay. Streaks of finely
le “flow’ around the amphiboles and smaller crystals of oligoclase, and bands

fracture cleavag
complex and wt
phyllites to dark “‘ch
In thin section the gree
Wmtz and epidote. At yr
y 0.002 mm. in len
dci’mmed tangentiall
crystals up to 0.5 mm
crystalline chlorite anc
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of granular clinozoisite are also present. 1u a thin section from the ridge north of Glacier “C”, thin streaks
of finely sheared mosaic quartz alternate with bands of small epidote granules. This rock is similar in all
respects to that composing some of the “rafts” of sedimentary origin within the igneous complex described
on pp. 34-35.

. STRUCTURE

I. The Wirik Bay-Cooper Bay Area
Planar structures in the intensely metamorphosed rocks along the north-east boundary of the igneous

complex have been noted but there is insufficient information to enable a correlation of these steep planar
structures to be made with either the axial plane deformation of the tuffs on the coast of Wirik Bay or with
the fracture cleavage in the same sediments and in the rocks farther to the north-east. The rocks forming
the exposures in the immediate vicinity of Wirik Bay are less metamorphosed and possess recognisable
bedding planes and clastic grains. The bedding planes usually dip steeply with a general strike of about
150° true. The axial plane cleavage, which is marked by an intense flattening of the grains in the coarser
tuffs and by slaty cleavage in the finer-grained rocks, is usually at a low angle (less than 30°) to the bedding
planes. In two places on the north-west coast of Wirik Bay and at many points on the north face of the hill
approximately one mile souti
folds were not inverted

A local fracture cleavag
the north-east with a strike
s present rhe fracture cl
deformation in these folc

ed in the clifls forming the north-west coast of the bay, dips gently to
allel to that of the cleavage associated with the grain deformation. When it
age 1 axial ro small folds and puckers but there is no appreciable plastic

o

2. The Remaining Sedimentarv Rock.
a. Axial Plane Deformation m the Cumberlard Bay Type

The axial plane cleavage in the Cumberiand Bay type was described in The Geology of South Georgia—I1
(Trendall, 1953, pp. 18-19) Where it is most intense {for example, at Grytviken) it is defined, in the coarse
tuffs, by a distinct flattening of the individual lava grains. The crystals of felspar are either arranged with
their long axes parallel to this direction or are shattered with the individual fragments pulled out along it.
As the cleavage is traced 1 estwards From Cumberland East Bay its intensity gradually diminishes, the

-orrected for plunge) swings anticlockwise. Thus at Right Whale Bay

inclination steepens and the strike (¢
the cleavage strikes east d has an average dip of 80° to the south which is little affected bv the

SUREE  AND

RAEGUL AT €0 AC A

R BRIS

FIGURE 11
Large-scale folding of Sandebugten type greywackes in a cliff near Sandebugten, looking due east
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As in the calcareous concretions (figure 9), the intensity of the cleavage throughout the tutfs is directly
related to the intensity of the local folding. A practical difficulty of estimating the cleavage intensity in a
single exposure is that this relationship also applies on a small scale. The estimated average cleavage
intensity is shown on the end folding map and figure 10 illustrates the approximate range of intensity.

. Axial Plane Deformation in the Sandebugten Type

An zximl plane cleavag *z‘!!"‘nl‘"zl“ ¢ that in the Cumberland Bay type is also present in the Sandebugten
type. It is clearly defined by a flattening of the more plastic grains in the coarser greywackes and by a slaty
cleavage in the mudst uum. [he cleavage intensity throughout the Sandebugten type is comparable to that
in the Cumberland Bay type at Grytviken (figure [0 and plate IVa). The cleavage dips to the north-east
in most of the country between Hound Bay and Cumberland East Bay (Trendall, 1953, pp. 8-14). On
the east side of the valley leading northward from the bay north of Sandebugten, the nature of the folding
is easily seen and is sketched in figure 11

¢ Structural Relationship beiween the Cumberland Bay and Sandebugten Types

1953, p. 211 that the greywackes and the tuffaceous greywackes each possess a
tation and that the junction between them was likely to be found on Dartmouth

Lhd.]'cl(.[, o UJ’ O Or

Point, During 1953 ;’;mu,k 1954 ten dayvs were spent on Dartmouth Point peninsula but it was not possible to
determine the structural relat mmhay\ between these two groups of rocks. However, it is certain that:

ackes of similar orientation to those on the east coast of Cumberland East
> northern end of the Dartmouth Point peninsula.

ved southward the axial planes dip less steeply until the
ecoming progressively younger towards the south-y

Bay are present at b

(i1} As these 3’\74&:"& L Are

v become almost
hn"wou tal, the 4 [

outh end of Moraine Fjord have an orientation similar
ge dipping at about 307 to the south-west.

eous rocks dare traced ﬂ'lii)f’ﬂ,hmﬁv:"lstWﬂrdS the cleavage dips less steeply until it becomes
v folded beds

{iii)y T vmmH ymberland HM m > rocks
to those at Grytviken wilh an axi
{iv) As these tuflh
almost horizontal, when the t

T
«

‘ace north-east.

FireyURE 12
successive and gradational areas of a cross-section from north-east to south-
ninsula. The dotting is a conventional representation of graded bedding and

Diagrammatic represe
west through the Dar
indicates the way-up i
A, East side of C
north- z‘mrth
3. Morth Ha tmouth Point serminsula: Sandelbugten type greywackes with cleavage dipping gently to the

: Sandesugten type greywackes with axial plane cleavage dipping steeply to the

(,leesm:ml part o cleavage flat or nearly so; beds intensely folded and bedding
vertical; no gre ;

1. South enc 3 sint peninsula Cumibertand Bay type greywackes with cleavage dipping gently south-
south-wes X

1L Clentral soud canc: occasional {olds with axial planes dipping steeply south-wes
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(v) Recognisable members of both groups are absent from a broad central zone of the peninsula. In this
zone there is an intense undulating cleavage which is seldom steeply inclined (always less than 30°) and
never laterally consistent in orientation.

These points are illustrated by the diagrammatic cross-section in figure 12. Whatever the structural
significance of these observations (possible interpretations are discussed later) it is difficult to discriminate
between two axial plane structures which cannot be distinguished on the ground.

d. Fracture Cleavage

As the Sandebugten type greywackes arc followed south-eastwards from St. Andrews Bay, the axial plane
or slaty cleavage becomes subordinate to a later fracture (Trendall, 1953, p. 10, 11). At first the original
cleavage is easily followed by an elongation of the grains at an angle to both bedding and fracture cleavage
(figure 13). In Royal Bay it is difficult to detect any structures other than bedding and fracture cleavage, but
it is not clear whether the first cleavage has been obliterated or whether it was never present.
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Figure 13
Cut surface of greywacke from Doris Bay s howing the fracture cleavage. When this is more strongly developed
other structures are indiscernible. The specimen is eight inches high.

in the northern part of the Cape Charlcite peninsula the fracture cleavage is present, but it varies locally
in intensity and dips gently (at never more than 45°) to the south or south-west. Towards the southern part
of the peninsula the fracture cleavage becomes steadily less conspicuous until it gives way to Cumberland
Bay type tuffs with a typical cleavage marked by grain flattening. The fracture cleavage affects a part of the
Cumberland Bay type, which at the southern end of the peninsula has a slightly steeper cleavage and dips
at 30”7 to the west-south-west,

3. Deformation of Grains

In The Geology of South Georgiv—I a grain elongation in ¢ was described in both the Cumberland Bay
and Sandebugten types. Further careful examination of the grain shape has shown that:
(1) In the Sandebugten type there is a consistent elongation in ¢ (defined on p. 17).
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o

(ii) In the Cumberland Bay type the elongation may be in either ¢ or b.

(ii1) Throughout the sedimentary rocks which have an axial plane cleavage the most striking feature of
the deformation is an axial plane flattening of the grains. This may be regarded as a simultaneous elongation
in both ¢ and b. The local conditions of stress causing one or other of these to be greater have not yet been
determined. This problem is referred to again on p. 47.

H, TEACE-FOSSILS

With the exception of the bodies ibed below, fossils are rare in the Cumberland Bay type and their
occurrence has already been cribed (Trendall, 1953, pp. 2-4). However, a common feature of the upper
parts of graded beds is the presence of “trace-fossils”, “fucoid markings” or “lebenspuren” (Wilckens,
1947). These marks, which are illustrated in figure 14, are simply defined either by pale colouring on the
dark bedding surface or by a shallow groove corresponding to a ridge on the base of the overlying bed.
Occasionally these marks are tubular or flattened in the bedding plane, and are composed of sediment paler
than that either above or below. They often have a characteristic manner of branching (figure 14B).
Although the usual size of these markings is about that shown in figures 14 A and B, a smaller type which
often shows a radiate structure (figure 14C) also occurs.

Since the completion of this manuscript a definitive paper dealing with similar trace-fossils, which are
collectively known as Chondrites, has been published (Simpson, 1957). They are apparently of widespread
occurrence in sediments of a facies similar to that of the Cumberland Bay type.
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IF#3URE 14
Trace-fossils.
A, Typical ocourrence at Binder Beach, Right Whale Bay. The locally prevalent elongation in an east 1o west
direction is probably due {o tectonic distortion.
B. From near Grytviken, showing branching (specimen Nos. S.G. 195-6).
" On a loose boulder from Right Whale Bay, showing a radiate cluster (specimen No. S.G. 193},
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PHE GEOLCG Y OF SOUTH GEORGIA -
1 THE LAVAS

AL OCCURRENCE

I'HE positions of rocks examined and belicved to be lavas are shown in figure 15, together with the orienta-
tion of the flow planes. The probable extent of the rocks between these exposures is indicated on the end

folding map.
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Pisuee 13
Map showing the nature and localities of the lavas examined, and the orientation of the flow planes.

B oRELLATHONSHIP TG THE SEDIMENTS

It has already been noted (Trendall, 1954, p 21) that along the south side of the Brégger Glacier “the
rocks, for at least one and a half miles from the snout, consist of pillow-form lavas dipping normally and
evenly at 30° to the south-west” The contact between these lavas and the similarly orientated adjacent
secdiments to the north-east was not seen. However, contacts between sediments and lavas have now been
xamined on the north coast of Undine South Harbour (see figure 15) and on Annenkov Island. At Undine
South Harbour a band of fine-grained, dark sedimentary rock about 15 ft. thick dips at 30° to the west and
grained, green lava having the same strike and dip. Both lines of contact

ure weathered throughout most of the exposure but at one point it is possible to discern a sharp contact
between fine green material, which grades into definite lava, and fine brown material gradational into the
guartzose siltstone, A slmrl at ul typic I length of this contact is shown in figure 16C. The absence of any
evidence for the te 1ol this contact suggests that the lava is interbedded with the sediments; its
g‘mmmc mode of origin is unknown and is discussed elsewhere. At the landing beach on the north-eastern
end of Annenkov Island amygdaloidal lavas alternate repeatedly with the tuffs. Although it was nnpmmhk
to find and examine any contact, there is no indication that these alternations are of tectonic origin. Small
scattered angular fragments (maximum length 3 in.) of recognisably bedded tuff were noted in one band of

1

fava,
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C. FIELD) CHARACTERS
L. Pillow Lavas

Pillow lavas have been examined ai Undine South Harbour, along the south side of the Brogger Glacier,
at Diaz Cove and in Larsen Harbour. The pillows, green and fine-grained, are between a few inches and 6 ft.
long. The flow planes are marked by the long axes of the larger pillows and by occasional thin continuous
bands of fine-grained green material (ash 7). The pillows are often vesicular and amygdaloidal, the vesicles
being either spheroidal and arran roncentrically in one or more discrete bands, or tubular and arranged
radially (figure 16B). The way-up of the lava is usually clear from the indented bases and rounded tops,
particularty of the medium-sized pillows (figure 16A). The interstices between the pillows are filled by
by or finely crystalline epidot and by amorphous jasper, which sometimes form
ikingly coloured alternating bands

FIGure 16
AL Pillow hawva ot Diwz Cove shovong the rounded tops and indented bases of the pitlows, which give a clear
indication of the i L)
B, Pillow ar Larsen Harbour with radial o bular s es
o Conract wn silstone (above) and liva (helo

) at Undine South Harbour

bour pillow liva occurs in bands among massive, fine- or medium-grained green igneous
rocks, in which various planar structures are parallel to the definite flow planes of the adjacent pillow lavas,
These structures usually consist of poorly defined changes in the appearance of the rock which are caused
by a change | in size, an abundance of amygdales or porphyritic felspars, or u slight mineral or
sionally the divisions are sharply defined and the direction may aiso be marked by a
entation of the amygdales. There is always marked jointing parallel to these structures
figures 15 and 20). At Larsen Harbour a careful distinction was
I}, which are never

which are o
made berw suck s
amvgdalodal ard
Similar massive g

ks and the abundant, similarly orientated dykes (figure 2
rave chilled edges (except the edges of older parts of multiple dykes— see figure 30).
ed with pillow lavas, and possessing a strong jointing parallel to
idehnite bang cexanuned at localities X7, “Y™ and “Z”, 3} miles, 5 miles and 74 miles north-
north-wes ‘ sappointment respectively (see figure 1). At Undine South Harbour and on Annenkov
Island the massive lavas are always fine-grained with less conspicuous handing. The form and type of the

lavas at the eight localities visited is shown in Table 1. The petrography is described in Section D below.
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Favsre I Form AND TYPF OF LAVAS

’ wueality Form Type

o Rdor by [ Massive Spilite and basalt
| Larsen Harbour  Pillow-form Spilite

1 Massive Basalt

| Massive Basalt

: Massive Spilite and basalt
| - {ove Piliow-form Spilite

- South ¢ side of Brogger Cilacier Piliow-form Spilite

j : 7 Pillow-f Spili

'@ Londime South Harbour : }llw;g::;vv:‘orm :;g:}:zg

! Annenkov Isiand Massive Spilite

. PETROGRAPHY
1. Spilite

Albite or oligoclase s the dominant <onstituent of the spilites (approximately 60°). The felspar is
always the low temperature form and normaliy occurs s laths less than 1 mm. long, either of uniform size
or with a few crystals conspicuously iarger than the rest. Both in the massive and pillow lavas they are
mostly randomly orientated. The only exception to this 15 in a thin section of a massive spilite from Larsen
Harbour. In this, the laths are arranged in a roughly tangential manner to the margins of the abundant,
spherical, quartz-filled amygdales. In a section from the pillow lava at Diaz Cove, there are stumpy sub-
hedral prisms of fresh augite. but elsewhere the mafic mineral is usually a pale or colourless amphibole in
small elongate prisms. Many larger amphibole crystals are composed of numerous thin parallel needles.
T'he amount of mafic minerals present varies: a thin section of massive lava from Larsen Harbour consists
almost entirely of albite, which is black with evenly scartered small grains (0.002 mm. diameter) of an
opaque mineral.

Abundant amygdales are conu m‘mi filied by epidote, chlorite, calcite or quartz, or hy combinations of
these minerals. Chlorite. probably repiacing amphibole. i+ also a common secondary mineral and prehnite
oceasionally occurs within albi w Epidote 1s abundant »ut of variable occurrence; at Larsen Hau bour
entire pillows are formed of epidote while locally the nineral may be scarce or absent. A 1yvpical, but
anusually coarse, spilite frem locality 2" 13 shown in plate 1Ve.

2. Basalr

The basalts are usually coarser than the spilites. Small plagioclase laths (Ange.ss) are randomly arranged
with the interstices filled by dl‘l 1edral augite. Modal estimates of two thin sections, from Larsen Harbour
and locality Y™, show 429 and 417 of plagioclase respectively. Normally the laths in any one thin
section vary little in length but in a thin section from Larsen Harbour euhedral and equidimensional,
porphyritic plagir‘wiaﬂ;e‘*«; f mm. in diamerer are set in a matrix of random laths about 0.1 mm. long.
All the plagioclases in this section have the same composition. Twinning is universal on albite, Carlsbad
and pericline laws, in this order of abundance; in any one thin section there appears to be a tendency for
either albite, Carlsbad or combined Carlshad-albite twins to be most common. Zoning is usual and takes
the form of a thin, evenly zoned margin with a composition of oligoclase or even albite at the rim.

The augite is often fresh but iv may be altered either to amphibole containing small rounded augite cores
a1 more commaonly dm*ct 1o chlorize with cpaque grains. Chlorite is an abundant secondary mineral, which
often oceurs i small circular areas (diameter 0.5 mm. ) probably representing amygdales. Epidote is less
common tharn in the ‘«p shites, A thin section of a typical basalt is shown in plate 1Vf.

3. Relationship beiween the Two Types

Wby 98
X

seality with oligoclase laths lying at random in augite and amphi-
al morphyritic bvtownite crystals (up to 3 mm. in diameter). This

from |
d1mensic

A thin section of “spiiite”
hole contains scatiered eg

s
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suggests a genetic relationship between the basalts and spilites, which are otherwise petrographically
distinct. This distinction is emphasised by the histogram in figure 17 and the apparent connection is shown
in figure 18 which is a different plnt of the same material.
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HiGure 17

Histogram showing the compositions of 102 plagioclases from nine thin sections of lava. The localities
are shown in figure 15,

R —— :
' |
¥ be oo —— i ————
I
} S —
{ & S—
D WO 40 50 O 7D RO
ANORTHITE %

Froure 18
1o i the nine thin sections used for figure 17. The ranges include an error which,
Undine South

The range of plagioclase compos
as described in Appendix [, should be constant for each. 1 and 4. *Z”; 2. Annenkov Island;
Harbour: 5 and 8 “X": 6 and 9. Larsen Harbour: 7. “Y™",

IV, THE SOUTH-EASTERN IGNEOUS COMPLEX

A, INTRODUCTION

A TOPOGRAPHICAT map covering the arca of the complex is given in figure 19 The geology of the same
area is shown in figures 20 and 21 and is illustrated by the cross-section in figure 22. Plate 1la also shows
a part of the complex.
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LINES AT} —~ ROCEK
INTERVALS CE

Fiaure 19
Map of part of the south-casiera end of theisland (outline marked on 1he end folding map) showing topogra phy,extentof glaciers
and place-names. The fetters A -F refer to glaciers and peaks which misy ultimately receive an accepted name (see Appendix [,

The letters (G- M arc nsed in the text to refer to localities of geological interest and do not indicate topographic features,
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Froure 20
Geological map of the area shown in figure 19, The significance of columns “17” and **27 in the legend is described on page 28.
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FIGURE 21

Map showing the directions of dykes (thin black lines) observed in the area shown in figures 19 and 20. The density
of the dykes is indicated approximately by the spacing of the lines.
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FIGURE 22
Vertical cross-section along the line marked in figure 20. Symbols not explained are those used in figure 20.

In 1954 1t was possible to examiine the rocks ol the complex in a number of discrete areas, separated by
stretches of glacier or by inaccessible country. These are:

(i) Between Cooper Bay and Clacier “B”, ¢nding to the north-west in Peak “D’". Here, interbanded
“migmatites”, gneisses and intrusive quartz-diorites are separated from gabbros to the south-west by
a major fault. This area is referred to in the text as “the area north-west of Cooper Bay™ or by some
similar phrase

{1i} The north face o Peak "E  (figure 19, or which are exposed both gabbroic and granitic rocks.
i) A small area of quartz-granulite and gabbro on the south side of Glacier “A™

(iv) The area arcund the rock col at the head of Glacier “A”, including a traverse into the deep valley
to the south iplaie Ta 15 a photograph taken looking across the area). The rocks include beautifully
layered gabbro, nite and quartz-diorite. In the text the locality is referred to as “the area east of
Drygalski Fjord”
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mndicat 4 an {, whereas those seen from a distance or inferred are marked by the
syimbols in cobnn 20T :
doubt that the face of |
extension of the gabbrg
the reliability of figure

oW ¢ Ia consists of dyked granite but, on the other hand, the
sndary beneath Glacier “B” is purely hypothetical. More precise indications of
W are occasicnally given in the text.
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He ACID AND ASSOCTATED ROCKS

4. Note on Nt.nm:fm:ﬁzmﬁnr

In this section the term *granite” i used n the sense of Turner and Verhoogen (1951, p. 259), who
describe them as ““holocrystalline coarse-grained rocks of plutonic aspect composed essentially of quartz,
potash felspar and, or sodic plagioclase. and subordinate biotite, hornblende or pyroxene™. Certain rocks,
which are mdmlmguxs hable from granites in the field anc which are encompassed by this definition, are
included here although they are identical 10 composition with some of the quartz-diorites. Where quartz-
diorites and granite-gneisses occur in juxtaposition north-west of Cooper Bay, the quartz-diorites have been
solated by virtue of their sharp distinetion both in the field and in thin section and are described separately.
trther comment on this nomenciature is included at the end of the section dealing with the quariz-diorites.

y

b Oecurrence and Field Characlers

the narrov strip of acid rocks rasnivg north-west from Cooper Bay (figure 20) coarse, light grev or
brown. well-foliated gness is the most abundant rock The trend of the foliation is approximately pamllel
o the margins of the strip and it usually dips steeply to lhe south-west. Xenoliths are of variable abundance.
[t was not possible to detect any Jinear structure on the foliation surfaces. On Peak “E” similar coarse-
grained gneiss has a vertical foliation with a strike of 307 true. It is interbanded with a coarse granite showing
no foliation and with a fincr pak: hgnd»ﬂd granuhtw gneiss in which large angular basic xenoliths are
conspicuousty abundant vpl,m‘ ) the area east of Drygalski Fjord the massive, coarse pale granie
has a weak foliation or none ,z all, "«» hen | tm‘,\:nlw the foliation is defined by indistinct banding and by the
arientation of sporadic. sl ! ark x ;‘,)mif. hi. The foliation in this area shows no consistent orientation.

©. Petrogranhy

In thin section the acid gnesies of the arca north-wesi of Cooper Bay are composed of felspar “augen”,
hounded by thin undulating bands and lenticles of quartz together with thin dark streaks mainly of biotite
and amphibole. Muscovit c,h orite, apatite, zircon, epidote, clinozoisite and opaque minerals are also
present in subwduw quantities. Modal estimates of the mineralogical composition of six thin sections are

given in i .

A srrik‘ﬂg (:iiltll'l of these rocks s the intense cataclaste shearing which they have suffered. The direction
of this 1s difficull to determine since the xﬁ"tscul and horizontal sections in planes perpendicular (o the
foliation hzr ¢ & closely simitar appearancy, However, it 15 believed that this cataclastic deformation has
been superimpoesed upon an umf foliation

The felspar, macrocline or plagioclase (Ani: 14). 0c

htly efong

Curs u.nainly as conspicuous crystals up to ¢ mm. long
gl \mlm.h are gither “VLQUEC}NJW wsional or ystals are sometimes
mkm up o wmml F‘r'iamw s separated hy quartz- d uach 1 hk }‘»mpurt iwon of potash felspar 1o
ap ; Wowas ot edtimated, laglociases are invariably twinned on the albite,
and the twen fun >times bent. In the more imcmel‘y crushed parts,
TANCE OCE m;m y d« 'y L'lmp a vagm obhquely Cross- ha&chu strm.m ¢ resem-

b
b
LOF:

gioclases of normal lkf;fw“)‘
g twinning; they semetin

Pl
bl

0 "3('7 rw,un‘: of m<,_ ¢ wis not
a mo mmiic a"im. A%l the l'elspzz:rs are cloudy and e;:mwwded
wim ;11v"hi~‘;%w 13 u# recog 1. s\wk Sar Y ﬂl lote and apatite as well as :‘Mlm‘ﬂ"ﬂ indeterminate “dust”
/i mk tic tubules of quariz are ofter present in the margins of the fc, x;mr»
{ w and m; len,x es in which it occurs are usually composed of a
made up of o tinely sheared mosaic of ¢rystals with une uL.Mmg
ved o clate Voo Biotite (often with sagenitie ratile), ampl
i streaks with their long axes parallel to the foliation. The mic:

are usually bent and the ampibole oceurs as elongate sses of small parallel needles.

I the area east of Drvgalski Fjord the granite has suflered no cataclasis and shows no orientation of the
components Lz subhedral crvsials (up o <4 mam)) of andesine or oligoclase (Anas as) are set 111 a coarse

determined. Zoning 1s conunon eum 15 B WH S

Hw quanf is alwi
rumber of thinper
¢ mm:nmm This
ruscoviie and chlorie, al
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mosaic of quartz with subsidiary quantities of amphibole, biotite, and chlorite. Potash felspar is absent
from the sections examined. Modal estimates are given in figure 26. The plagioclases, usually twinned on
the albite, Carlsbad and pericline laws, are often zoned. Although in general the rims are more sodic, one
thin section shows a number of crysials with oscillatory zoning.

A B

FIGURE 23
v Vaguely defised banded senolitns in the granulitic gneiss of Peak “E” (figure 19). The xenoliths are petrographi-
cally similar to the enclosing gneiss,
8. Angular basic xenoliths (stippled) in the granulitic gneiss of Peak “E” (figure 19). The xenoliths which are
arranged in clusters are probably derived from the disintegration of larger blocks. The banding in the gneiss is
shown by lines and the “dashed™ areas represent lighter, homogeneous rock. Traced from a photograph.

The coarse aci “17 ere sinuler in field appearance to those already described, but only
thin seetions of a pale grey granulitic gneiss were examined. Such a rock is shown in plate Vb, which is a
)hotugmph of part ul a ihm w(,t on cut from the specimen sketched in figure 23. The rock is composed of
an evenly granular me 'z and felspar, in which are scattered plates and aggregates of red-brown
hiotite with the cleav: orie um xd uppmxmmﬂcsy parallel to the foliation. The felspars are oligoclase and
mierocting and thwwi no precise modal estimate was made, quartz is the dominant constituent of the
Fock

Quartz-ciority
g, ODccurrence and Feld Charaoters

b the sinp runming north-west ‘rom Cooper Bay a small area (about 4 mile square around locality “M”)
of quartz-diorite was examined carefully. The central part of the mass consists of a fine-grained dark rock
of which the most remarkable feature is the abundance of “‘xenolithic” structures defined by slight but
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abrupt petrographic changes. Sharply defined patches of light and dark rock are arranged in a variety of
relationships, two of which are shown i figure 24. This structure is also illustrated in plate 11Ib. Although
these boundaries appear to be quite clear and definite, they are only discernible with difficulty in the thin
section and are marked by no change of fubric,
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Ficure 24
A. Darker (more closely stippled) areas of fine-grained dark quartz-diorite near locality “M’ (figure 19). The block
has the appearance of a stoped xenolith. Traced from a photograph.
B. Darker (more closely stippled) areas of fine-grained dark quartz-diorite near locality “M” (figure §9). The
contact here is irregular and has the appearance of corrosion or replacement. Traced from a photograph.

In the area examined, the quartz-dioriie possasses i locally distinct foliation parallel to that in the
surrounding granite-gneiss. North-west of Cooper Bay thin “rafts’” of quartz-diorite are surrounded by
granite-gneiss and are concordant with the general foliation. At one locality, a raft of quartz-diorite 6 ft.
thick had a foliation of mcreasing intensity towards the margins.
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In the area east of Drygalski Fjord a similar quartz-diorite is present. It shows the characteristic patchi-
ness of that north-west of Cooper Bay but is never foliated. It has a local occurrence among the coarser and
lighter granites but no sharp junction between the two could be found.

b. Petrography

1 thar sectior the gquartz-dioriess of the area north-west of Cooper Bay show clear evidence of severe
cataclastic deformation, w mc, b is aiso common to the acid gneisses. The principal minerals are amphibole,
plztg‘. lase and quartz with subsidary epidote, clinozoisite, micas and opaque minerals. A thin section of
‘Wp“cai guartz-diorite is shown n plate Ve, The modal estimates of cightwn thin sections. given in
hg'uve' 16, show « wide variation which reflects the patchy structure visible in the field

i :
5

FiGURE 25
Histogram showing the Compo sitiens of 6t plagjm:»chse_s from fifteen thin sections of quartz-diorite from near
locality “M”™ (figure 19) and two thin sections from the area east of Drygalski Fjord.

In the less sheared rocks subhedral plagiociases (Anii-g7; figure 25) up to 4mm. in diameter are equi-
dimensional or in stumpy laths. Twinning on albite, Carlsbad and pericline laws is almost universal. The
zoning from core 1o rim has been observed to cover a range of as much as 407 An; the rim is always the
more sodic. Even in the diorite which has escaped shearing. secondary fine granular epidote and sericite
are common within the felspars, which are also clouded with minute grains of indeterminate material.

Plagioclases are occasionally enclosed by large hornblende crystals (up to I cm. in diameter}, which are
easily (hk,tmp uishable in the hand specimen, 'h more normally the subhedral hornblendes are of the
same size order as the ; lagioclases. Quartz mosaic patches are also present. Where the rocks possess a
foliatton visible mn the hand specimen, the catac ]mtu effects completely mask the original texture of the
rock. Felspars and hornblendes form small “augen”™ around which “flow™ wisps and streaks of intensely
sheared quariz with chlorite and finelv granular epidote. Both the hornblendes and the felspars are often
fractured and bent.

Modal estima

o two fine-grained, Jark rocks from the area east of Drygalski Fjord are given in
figure 26. Thme r¢ ren-gr ained (0.5 to 2.0 rim.) and are composed of andesine laths and hornblende
with quarty mos ey « re dark, compact and of quite a different appearance in the hand speci-
men {rom the coars *";g;i‘tn granites of the same area which are described above. However, it is clear from
figure 26 that

(i) No distinction «an ne made on modai estimates (or, in fact, by plagioclase composition) between these
fine-grained, dark {.]?32:?1'11.“5',~<.?i(;}i'i?ICS nct the coarse light granites in the area east of Drygalsk: Fjord.
north-west from Cooper Bay there is a clear distinction, both in the field and in
k,m, tween the quartz-diorites and the granite-gneiss.

(i) In the strip running
the average modal estimates,
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FiGuRry 26
Modes estimated from eighteen thin secticns oi' g uartz-diorite and nine thin sections of granite. Those marked “DF"’
are from the area cast of Drygalski Fjord the remainder are of rocks from the area north-west of Cooper Bay. The
lower mean is of the six rocks from the area north-west of Cooper Bay.

(11i) There is no modal difference betweer. the granite-gneisses of the area north-west of Cooper Bay and
a rock such as the most acid granite from the area east of Drygalski Fjord shown in figure 26.

3 Migmatite

a4 Occurrence and Field Characiers

The term “migmatite” is apphed here to various cataclastically deformed gneisses occurring in the area
north-west of Cooper Bay. Somw are ol delinite sedimentary and others of definite igneous derivation but
most are of mixed or doubtful origin. They all have a clear planar structure (shearing, foliation or colour-
banding). the strike of which is sub-parallel to the boundaries of the area of acid rocks and is either vertical
or steeply dipping to the south-west. There are several varieties, any one of which can be gradational into
another. It is only possible 1o distinguish the varieties described below and, of these (iv) and (v) are grada-
tional into the two distinct rocks, granite-gneiss and sheared quartz-diorite, already described from the area.
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SR A B

biGure 27
AL Horizontal surface of magmatite in the area north-west of Cooper Bay with the strike bearing of the vertical
foliation marked. The arcas left blank are of fine dark homogeneous gneiss (type (ii), p. 34) while the stippled
parts represent similar gneiss but with conspicuous porphyritic felspars (type (iii), p. 34). Traced from a photograph.
B. Vertical face showing bodies of sheared hornblendic gneiss (type (v)) in quartz-bearing gneiss (type (iv)).

(1) Massive fine-grained rock ot cherty appearance with fine banding in shades of pale grey which occurs
in sheets between 2 and 20 ft. thick and is usually in sharp contact with a coarse granite-gneiss.

(i) Massive, fine, dark homogenecus gneiss

(1i1) Similar to (i), bui with abundant, small conspicuous porphyritic felspars giving a speckled appearance
to the rock. The dark groundmass is fine- or medium-grained. Although the boundaries of the bands
containing porphyritic felspars are usually poorly defined, a surface with interdigitated bandsis shown in
figure 274,

(ivy Similar fine-grained gneisses with porphyritic felspar but containing conspicuous quartz

(v} Fine-graned, dark gneiss rich i1 hornblende. A face showing isolated sheared bodies of hornblendic
gneiss in contact with the quartz-bearing gneiss (type (iv)) is shown in figure 27B.

b, Petrography

YR

Microscopic examination of a thin section frem a pale cherty “raft™ 10 ft. thick in the granite-gneiss
shows it 1s clearly an altered sedimentary rock. Small (0.2 mm.) clastic grains of quartz with subsidiary
albite and oligoclase occur in & matrin of very fine (0.005 mm.) mosaic quartz in which are abundant strings
and lenticles of equally fine granular epidote. A section of a smaller patch of similar rock shows it is a
guartz-epidote rock with the two minerals arranged in alternating finely granular bands.
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Froure 2t
Histogram showing the compositicas of 20 plagioclases from twelve thin sections of migmatite
{rowinly type (v), p. 34).

The remaining types ol gneiss listed above consist principally of varying proportions of quartz, plagio-
clase (figure 28) and hornblende. The sheared appearance and arrangement of these minerals is similar to
that in the granite-gneisses already described. The p"agioclases always twinned and zoned, are often
fractured and separated. Quartz vccurs in streaks of fine mosaic flowing around the plagioclase. Biotite,
chlorite and amphibole are similarly arranged in undulating bands, parallel to which the individual
crystals are elongated. Secondary epidote and clinozoisite are abundant with minor guantities of calcite,
apatite and opaque minerals

4. XNenoliths
a. Occurrence and Field Characters

In the coarse granite-gneiss of the area north-west of Cooper Bay xenoliths are locally abundant. They
are usually between 1 in. and [ fi. long, elongate and fine-grained. There is often a rough banding parallel to
the long axes of the xenoliths but they have a random relationship to the foliation in the surrounding gneiss.

in the acid gneisses of Peak “E” xenoliths are often conspicuously abundant (figure 23 and plate 11b);
they vary in size from 3 ft. downwards and are usually dark and homogeneous. A common feature is the
disintegration of individual xenoliths mm - cluster of angular fragments which appear to be slightly
displaced (figure 23B). The xenoliths of fgme 23A are banded and vaguely defined but neither of these

features is common. In the gneiss with packed xenoliths it is always possible to distinguish a plane of flow
banding defined either by the long axes of the xenoliths or by a roughly parallel streaking in the surrounding
or by both.

b, Petrography

In thin section the xenoeliths of the area north-west of Cooper Bay are similar to certain of the migmatites,
particularly to those of sedimentary wng,; n. Plagioclase (Anes-41), quartz and amphibole are the major
constituents. When the banding in the xenoliths (presumably relict bedding) is not parallel to the foliation
of the surrounding gneiss it is crossed by the cataclastic shearing. In the thin sections examined, the plagio-
vlases never ("’xce:t,d 0.2 mm in diameter md are arranged in a fine sheared quartz mosaic with elongated
erticles of amphibole, biotite and chiorite parallel to the direction of shearing. Epidote is an abundant
HCOESSOTY Mminerii.

[he dark senoliths from k entirely different. The principal constituents are plagioclase
iAng g;) together with amphibole M roxene, bietite, or various combinations of these three minerals. In
the thin section shown in \wdq which 1s typical of those examined, laths of fresh plagioclase about
0.5 mm. long and with an won of 5-6: 1 are randomly orientated and are evenly distributed through
the rock . The cores of the plagioclase laths are bytownite {Angy-s:) zoned down to Angy at the edges. The
plagioclases almost invariably show combined lamellar albite and simple Carlsbad twinning, while lamellar
pericline twinning is MIL The sides of the laths are irregularly embayed by the rounded outiines of the
fresh pyroxene crystals, The latier may be equidimensional, elongate or irregular and they fill most of' the
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nterstices in the continuous network of plagiociase. Small groups of slightly separated, rounded pyroxenes
are sometimes optically continuous. Elongate areas with widely scattered, optically continuous, irregular
patches of red-brown biotite up 1o 3 mm. in length are present. Subsidiary amounts of hornblende, the
occurrence of which is similar 1o that of the pyroxene, and small opaque grains are evenly scattered through
the section.

€. THE CENTRAI QUARTZ-GRANULITE
Lo Qccurrence and Field Characters

The origin of these rocks is dountiul and, although they were visited in several places, much of the con-
tact is hypothetical (figure 20). In field appearance this rock resembles a sedimentary quartzite. It is a hard,
pale green, grey or brown rock, and the close conspicuous planar structures and very regular striping in
shades of these colours facilitates its recognition from a distance. On the south side of Glacier “A”, in
places where it could be examined closely, the striping dips at between 10 and 20° to the north-west, but in
the cliffs on the north side of the sume glacier the striping appears to be almost horizontal. In figure 20 the
rock has been marked “flat block™ The rock breaks easily along the direction of striping and in the
unweathered central part is a distinctive pale purple. Elongated flecks of dark mica are easily visible on
broken surfaces and their long axcs have a consistent orientation, which is almost horizontal and strikes
220" true. This orientation is consistent over the whole area examined. The only disturbance in the extreme
regularity of the striping 1s caused by thin lenticular quartz veins, which occur in the plane of the striping
and are clongated parallel to the lineaiion of the mica. This lineation is marked by no other structure in the
band specimen; minor folds o0 ary scale are absent.

2. Petrography

The rock is composed principally of quartz, which in thin section forms an even mosaic of slightly
elongate individuals, varying in diameter from (1.2 mm. downward. Thin sections were cut from one speci-
men in vertical planes parallel and perpendicular to the lineation. The quartzes of the mosaic in the section
parallel to the lineation are slightly more elongated (2:1) than those in the section perpendicular to the
foliation (3:2). The elongation is always in the plane of the striping. A more striking feature of the section
parallel to the foliation is the tendency for the larger quartz grains to be arranged in strings, end to end, and
one individual thick. Scattered equigranular grains of oligoclase occur in the quartz mosaic.

Small (less than 0.2 mm.) flakes of biotite or muscovite are scattered throughout the mosaic and they are
also arranged more commonly in strips which define the macroscopic striping. It is clear that the flecks of
mica visible in the hand specimen are in fact elongated aggregates of such small flakes. The cleavages in all
the micas are conspicuously parallel to the striping and it is estimated that in the section parallel to the
lineation no biotite cleavage departs more than 10° from the plane of striping. The orientation is slightly
less consistent in the section perpendicular to the lineation. There is a small quantity of chlorite and
sericitised plagioclase in one section. Small apatite grains and opaque minerals are also present. These
granulites are remarkably similar in thin section to the granite-gneisses described above (pp. 29-30) and
figured in plate Vb

. {JABBRO

1. Occurrence and Field Characters

a. General

Parts of large gabbroic bodies were examined in the area north-west of Cooper Bay, on Peak ““E”, on the
ridge south of Glacier “A™ and in the area east of Drygalski Fjord. The areas shown as gabbro by the
appropriate symbol of column 2 in figure 20 are almost certainly underlain by this rock. It is usually
massive. coarse- and even-grained, varying from pale green or cream to dark grey or purplish black in
colour. Although it is mostly homogeneous twao locally developed structures were observed and are
described below,
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b, Inclusions

“n

Prasmallarea immediately east of Peak © D" the gabbro commonly contains dark masses of ““pyroxenite’".
These mdumonsy, which Vd{'y both in size and shape‘,, are coarsely granular and dark in colour with no
felspar. They may be up to 100 ft. long and are either tabular, equidimensional or irregular in form. The
edges of all the observed masses were “stoped™ and veined by the surrounding gabbro. This is shown in
plate 1i1a.

¢ Banding and Layering

The gabbro of the area. where the inclusions occur. possesses a banding which is defined by abrupt or
gradational changes in the proportions of light and dark minerals. The characteristic appearance of this is
5!10wn in plate Ilc. Such banding may dic away laterally and give place to (as far as can be seen in the
field) structureless gabbro. Wherever banding is visible it continues for some distance (up to 300 ft.) and is
of strikingly consistent orientation in any one locality. In a traverse of about half a mile through the
gabbro, however, twelve areas of locally consistent bands were found to be randomly orientated in relation
to one another, though most of the b«mdm@ dipped steeply. No clear curving of this banding was observed.

In the area east of Drygalski Fjord, a part of the gabbro shows rhythmic layering of a type quite distinct
fromn the banding described nbove. This structure can be seen in plates Ila and IT1d. The layers dip at 4(°
to the south-south-west and are 2-5 fi. thick. Although there is no gradation of colour through each layer,
the lower part of each is distin darker; modal estimates of upper and lower parts of a single layer are
given below. The exact nature of the contacts hetween la yers cannot be seen in the field but they appear zs
pocrly defined planes of veakness resembling joints.

2. Petrography

Part of a wh i section of the layered gabbre from focality “*H™ is given in plate Ve, The rock consists
principally of coarsely (1--2 mm. ) crystalline plagioclase and pyroxene with minor amounts of hornblende,
chlorite, and opaque minerals. In the following table thin sections of specimens taken 6 in. and 4 ft. from
the base of a layer 5 ft. thick are compared:

Magioclase  Mafic minerals  Opaque minerals
A4 11 from base of laver 50 48 2
6 . from base of laver 34 60 £

T'he plagiociase, in the §
from Angs to Anes. Twin
The compositions of plagi
which have up to 159, of ol
and on Peak “F"

onn of subhedral equidimensional grains or stumpy laths, varies in composition
broad lamellae on albite und Carlsbad laws is usual and zoning is absent.
gabbros fron various localities are given in figure 29. Similar rocks
ctipns constitute the gabbro on the south side of Glacier “A”

ne i some se

N

Froure 29

Histogram showing the compositions of 66 piagioclases from eight thin sections of gabbro from the area east of
Drygalski Fjord, Peak “D” and near locality “K” (figure 19).
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In the area north-west of Cooper Bay the gabbro is uniformly altered, the felspar being almost completely
converted to saussurite with amphibole and chlorite replacing the pyroxene. Epidote granules and patches
of prehnite are abundant. In thin section the “pyroxenite”, which in the field appears to be quite fresh, is
composed of chlorite and thinly prismatic amphibole with occasional, irregularly rounded remnants of
pyroxene. Serpentine pseudomorphs after olivine are also present. To the north-east of Peak “D”, along
the fault separating the gabbro from the acid rocks, the gabbro is intensely sheared parallel to the fault, and
in thin section the only mineral which never appears to be fractured is epidote.

V. THE DYKHES AND OGTHER MINOR INTRUSIONS

A. THE DYKES
V. Distriburion

THE distribution and directions ¢! dykes in, and adjacent to, the south-eastern igneous complex are shown
in figure 21. Outside the area of this map dykes of both principal directions have beer: observed along the
south-east coast at localities “X”" Y and “Z", at Diaz Cove, and inland in a small area south of the Ross
Pass. No dykes have been found in the sedimentary rocks to the north-east of the igneous complex in the
area of figure 20, nor have any been recorded elsewhere in the folded sedimentary rocks.

2. Field Characters

The dykes are of a uniform dark colour and are usually fine- or medium-grained. The thicknesses of the
dykes examined vary between a few inches and nearly 20 ft., the dip always being within 30° of the vertical.
Vertical dykes cutting the granite of the south-eastern igneous complex are well illustrated in plate Ila. In
two areas dykes trending approximately north-west to south-east have been intruded along original
structures in the rocks. Chilled edges are the only reliable field criteria for the recognition of dykes in these
areas. The structurass are:

{1) The foliation of the granite-gneiss 0 the area north-west of Cooper Bay.

(iiy The flow planes of the lavas at Larsen Harbour, localities “X”, “Y”, “Z” and Diaz Cove.

In the areas north-west of Cooper Bay and east of Drygalski Fjord, the dykes with a consistent north-
east to south-west trend traverse those trending north-west to south-east. North-west of Cooper Bay, the
north-west to south-east dykes are sometimes affected by the cataclastic shearing prevalent in the intruded
rocks. In the field the north-east to south-west dykes do not appear to be affected but a thin section of a
specimen taken near locality “M" reveals distinct shearing.

Clan o pieEna S OF LYKE - 192"

P IGURE 30

Scale section of a vertical mulitiple dyvke of quartz-dolerite, near locality “G (figure 19). The successive intrusions
are numbered and chilled edges are stippled.
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East of Drygalski Fjord. many of the targer dykes are multiple, and a measured section of one such dyke
with a strike of 130" true is given in figure 3C.

& Petrography

The dyke rocks can be broadly divided into two grovps-—basic rocks (dolerite, quartz-dolerite and
olivine-dolerite) bearing labradorite and byrownite and similar rocks bearing sodic plagioclase (figure 31).

‘. o
o
—d N
J
‘ T e T 0O

ANCRTHITE &,

FIGURE ¢
Histogram showing the compositions of 90 plagioclases from seventeen thin sections of dyke rocks.

a. Dolerites with Sodic Plagioclase

The only dyke rocks in which the plagiociase is of definrite primary origin occur at Diaz Cove and locality
“Y, where the dykes strike 140” and 60° true respectively. Although there are albite-bearing dykes con-
taining fresh pyroxene in the area around Peak “D”, it is not certain whether the albite is of primary origin.
These dykes are associated with others in which the albite is packed with epidote inclusions and in which all
(he associated minerals show evidence of decomposition. The principal constituents of a thin section from
Diaz Cove (plate VI) are albite and pyroxene with subsidiary chlorite and opaque minerals. The plagioclase
in two sections consists of small (less than 0.5 mm.) laths of albite (Ans-10) or oligoclase (Ang »5). Simple
twinning is usually on the albite law and the laths are arranged at random in a pyroxene matrix. The
pyroxenes are up to 2 mm. in length and their subhedral outlines disregard the network of plagioclase laths
which are frequently totally enclosed to give an ophitic texture. Probable secondary chlorite occurs in
irregular, finely crystalline patches. Although the pyroxene is fresh the rock is given a “dirty” appearance

by abundant indeterminate ““dust”. Modal estimates of two thin sections gave the following results

Pyrosene Plagioclase  Chlorite  Opaque minerals
45 30 19 6
Diaz Cove 34 A7 23 6

k. Dolerites

Thin sections of these rocks have been eramined from many localities within the south-eastern igneous
complex and also from Larsen Harbour. They are composed essentially of calcic plagioclase and pyroxene
or hornblende. Representative modal estimates are given in Table 1L

In texture these rocks are similar to the basalis. Twinned laths of plagioclase (figure 31) are set in a
ratrix of pyroxene or amphibole. Zoning with a range of up to 109 An at the edge of the laths is usual.
Fire mosaic quartz sometimes occurs in patches. Olivine was found in a single dyke with a north-east to
south-west trend.
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FaBrLe [l MoDpAL ESTIMATES OF DOLERITES

Tre Felspar and
Locabity bearing of Mafic Quartz alteration Opague
dyke minerals products minerals
J’ 150° 48 8 44
Area east of Dirygalski I ;;i‘, 59 I 1. ‘:“j)
Fiord i 1is 60 5 i4
Jor 50 57 ) 12
T R f10° 57 o 17 é
tarsen Harbop Loage 42 . 53 &
Ridge south of Glacier A" 100 64 - 36
T 55 — 40 3
140° 37 9 48 &
130° 56 — 41 3
Ared north-west o [ 59 4 36 i
Cooper Bay 105° 51 — 47 2
A 68 - 32
i3” 58 2 40 —
Lo 57 19 4

4. OTHER MINOR INTRUSIONS
L. Wirik Bay

In the cliffs on the north-west side of Wirik Bay and in the central islet vertical stripes of light-coloured
rock are prominently intercalated with the dark, fine-grained tuffs. These bands are never thicker than 10 ft.
and are sub-parallel to both the bedding and cleavage. It is certain that they are intrusive, since there are
chilled edges on both sides and small apophyses at the edges. The intense local shearing of the rocks
(especially in the fine-grained dolerites) suggests that they represent pre-tectonic sills. Coarse-grained, pale
green, highly sheared dolerite was found in a cliff at the head of the bay, but its relationship to the sedi-
mentary rocks was not seen,

2. Gold Harbour

At Gold Harbour Tyrreli (1916, 1. 437) recorded the presence of a coarse ophitic dolerite, through which
pass strong lines of shearing. From an examination of the outcrop of this intensely sheared rock, it was not
possible 1o ascertain its relationship to the neighbouring sediments, but the degree of shearing suggests that
it, too, is a pre-tectonic sill.

3. Moraine i‘rj(Ml‘:’%"

Tyrrelt (1915, p. 830) also recordud the discovery by Ferguson of a coarse dolerite sill in Moraine Fjord,
but it was not located during the recent journeys.

VI GEOLOGICAL RELATIONS

A, THE TWO GROUPS OF SEDIMENTARY ROCKS

THE approximate areas covered by quartzose grevwackes and tuffaceous greywackes are marked on the
end folding map. These two groups of sediments. previously referred to as the Sandebugten Series and
Cumberland Bay Series (Trendall, 1953, p. 22), are both included here in the Cumberland Bay Series and
are referred to in this paper as the Sandebugten type and the Cumberland Bay type respectively. This
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modification of nomenclature ﬁ‘*z‘rr‘n:‘aprnd‘s to a change of opinion concerning the quartzose greywackes.
The evidence, on which it was previously argued that the quartzose greywackes were involved in a distinct
folding earlier than that whuﬂh affected the ruffaceous gmnwywackes and possibly of Palaeozoic age. is set out
below:

(i) There was (in spite of some
each had a discrete area of outcrop.

m) There 2 wpcaudi to he

tiots) & clear ditterence in petrography between the two types and

! xh' tinct tvpe o structure confined to each type of rock. These were an axial
1-east in the quartzose greywackes and south-westwards in the tuffaceous
gre’ wackes dnd the “u e of mm ure ¢ieavage in the quartzose greywackes.

(i11) The quartzose greywackes are very mmilar to the quartzose greywackes of the South Orkneys and
e rocks of both areas contair occasiona: grains of lava,

The evidence m (1) and tae s sl Frefevan to the problen: of the relationship between the two ¢ roups, but
further fleld observations ﬁz;f‘ ¢ oevealed tha (i) is no Tonger valid for the following reasons: the axial plane
cleavage in both groups 1s probably conteriporancous (p. 20) and fracture cleavage is not confined onlv to
the quartzose preywackes. On the Cape @ harloste peninsula and in the Wirik Bay-Cooper Bay area,
fracture cleavage alfects tulls of Cumberlacd Bay type.

The following entirely new evidence reli vant to the problem of the age and structural posiion of the
quartzose greywackes has also been found

fha. current directions 1n the Cumberianc Bay type. indicated by the orientation of ¢cross-bedding, are
!

er awide area tigure 4 vheeas a small arca of the Sandebugten type has curreats from a

hhr*mm direc

(i) Grains of sandstone v the guartzose greywacke near Rookery Bay (p. 10) have never been found in
the Cumberland Bay type.

{1y Grains of low temperature albitz
£ um%rlam Bay tvpe (figure 6, but the samy

1t 1y the Sandebugten type are comparable to those in the
des studied so far are too small for any definite conclusions 1o

aking into account new evidence, tae wiate of the problem may be summarised as follows
Th bandebugten type quartzose gre ku«,lm s are similar to the Cumberland Bay type tuffaceous grey-
wackes in the following respects:

) The tacies of both groups suggests they are 2ssentially turbidity current deposits.

1) The structural evidence at Dartmouth Point sugges:s that (at least in part) the deformation of the
WO groups was umtmmmmswwm The distribution of fracture cleavage is of no direct use in considering
the relationship between two groups.

The Sand 'v'bu;'ften type quertzose greywas kes differ from the Cumberland Bay type tutfaceous greywackes
1l H)c' following respec

i) Although there are | tiorts, tiere is 1 clear petrographic distinction between the b VO Zroups.
i n ahu Cumberland Bay 1 w < wa (S J1e d{ ris which vould not have been derived from a voleanic terrain.
> presence of quartzite and sandstore grains in the Sandebugten type shows that at least part has been
derived from a land surface with metamorphic rocks and unmetamorphosed sediments. Some lava is also
present; it ie not known whether the low temperature albites associated with the lava grains were derived
from voleame or plutonic rocks. Mo microchne or other potash felspar has been found, so that good
evidence sz,nh;i be required i order 1o postulate a plutonic (granitic origin) for the albite.

{i1) The current directions support the peirographic evidence that, whatever the similarities between the
Bwvo grouns, pa :iiltl:()?l@(I!Qﬁ’ki{“‘rhit; conditions were dissimilar during their deposition.
i Although the main axal plane deformation of the two groups cannot be separated there appears 10
some structural J H'é&:m«;r..r«: between i. The sandebugten type is found in either of the twe tectonic
24 and B, while those of the Cumberland Bay type are shown in figures 12D
imbertand Ba* tyoe of the Wink Bay-Cooper Bay area is ¢ ‘.E]C»wn m figure 22
*m%ﬂw;m ;nw is complex. Although the deformation is contempora-
oench g ‘Ur" 15 theretore related 1o the petrography. The two possible

2L are <L,4.,Ix.~flb€d in the next section.

and E. The folding in the €
hut this may be related w

necus. the type of defors
mterpretations of the sir

b
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Although the Cumberland Bay 1ype is known to be Cretaceous in part, the age of the Sandebugten type
1s still a matter for speculation. From the differences and similarities set out above it is believed that:

I. The Sandebugten type underlies the Cumberland Bay type and a major regional palaeogeographic
change (but not of orogenic proportions) occurred before the deposition of the latter.

2. The tectonic disturbance connected with this change probably initiated the folding in the Sandebugten
type, which was still “*plastically deformable™ at the time of the main orogeny which folded the Cumberland
Bay type.

3.1t therefore seomis probable that the Sandebugten type is also of Mesozoic age, though there is still
the possibility that 1t s Palaeozon .

BTHE POSITION OF THE LAVAS

s generally accepted that x”la:w lavas belong to a subaqueous environment. At Undine South Harbour
spilitic pillow lavas and massive lavas occur mgether The massive lavas of Annenkov Island are also
spilitic and may be of a wbaq ueous extrusive origin. They are certainly interbedded with sediments which
were deposited in deep water (pp. -1 D) and therefore any hypothesis inferring that the massive spilites are
of subaerial origin is untenable. It is more likely that they were intruded as sills along the flow planes of
previously extruded pillow lavas.

The basaltic lava: also massive and it is equally unlikely that they were extruded subaerially, since
hm are also interbedded with dee ) water sediments. Although they may be sills as suggested by Holtedahl

1929, p. 57), the petrographic connection (figure 18) and close field association of the two lava types sup-
pm t 1!1@ idea of a common origin, }i‘ 18 auggca ed that the rocks described as lavas in Section I (p. 23)
comprise a group of related 1« e of which were extruded subaquecusly and some of which may have
heen intruded as sills a‘,ium to the submarine surface.

{. THE SOUTH-FASTERN IGNEQUS COMPLEX
e Sedimeits and to the Folding

Holtedahl (1929, p. 363 was the firct to recognise that the igneous rocks forming the south-eastern end
of the island are not an "nldtz“ h;v ;en'em (“()mp\e‘«\ of igneous rocks, on which the scdm‘]u"m; rest in situ”
granite-gneiss (figures 20, ZZK o) Zr ’8) »»h(m $ ﬂ”at the south-eastern xgneom vodw are intrusive. The
precise time and nature of Hw inirasion is more difficult to determine and the relevant evidence is as
follows:

(1) The acid rocks are sirongly filinled near the aorth-east edge of the cmnplu;’ Although this foliation is
due in part to late cataclastic shearing connected with the fault separating the granite-gneiss from the
gabbro to the south-west, it is probable that this shearing took place along an existing foliation direction.
The evidence for this is the direction of the “pre-shearing” dykes in the granite-gneiss, which are close to
the direction of she i,z‘in;p: butare o slightly different orientation to the dykes of similar trend in the nearby
gabbro. The orientatior of these «<ykes is probably controlled by a ““pre-shearing” structure in the gneiss.
This marginal foliation therefore suggests para-tectonic intrusion of these acid rocks.

Gy e the chlore ;‘wi‘syihr_u Nedr 'ihn.
although it is tangs
these rocks for the on g '
the presence of the intusive 5 Ay lﬁxr the«se conditions (as it appears to have h«:?e:nﬂ since they are
only feund near the inlrusve ‘t‘hvn here has been some movement since intrusion but prior to the cooling
of the gneous rocks, Some of the nru rovks must therefore be para-tectonic.

confact 10 g. plarc IVd) some H*fmwlﬂ iv hem and some is not,

Gy Unfortunately the cature o the n‘uﬂ'yn il contacts of the granite or gri uulc.«aizwm with the nearby
sediments or secn out s possiole to infer from the straightness of the north-east margin
and of Drygalsks l[jam i wh alony which the south-western contact lies) that both edges are faulted,
particularly because t) : w. rablel faults visible within the complex (figures 20, 22). In any case the

SR

s faere are
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throw of a fauit on the north-east side ot the inirusion cannot be large, because of the degree of meta-
rorphisin in the sediments. As the intrusion was para-tectonic ((i) and (ii) above), itis reasonable to suppose
that the strike of all the structures in the intruded rocks was the same at the time of intrusion as at present.
Either stoped or replaced 1‘ 1a1 um .wuh then tend to be straight. The presence of parallel “rafts” of
sedimentary origin within the marg granite-gneiss appears to support a hypothesis of normal (that is,
non-tectonic) contacts for the whole ¢ ymyex

2 Order of Intrusion within the Comple

There s little evidence Tor the order of ‘at;z“’lsnc"ls'u since the only contacts examined between gabbro and
granite were the Taulted m.u noine areas north-west of Cooper Bay and east of Drygalski Fjord (plate [1a).
The gabbros near Peak “D"" figure 19) are affected by the cataclastic shearing, which is particularly common
in the acid rocks 1o th«: i .. but thix is probably a very late structure. Apart from this the gabbro is
never seriously dmtmuw«! md ;‘;*‘ Hw facal presence of rhythmic layering suggests a fairly stable magma
chamber, it ji~+ reascnable to suppose thas the gabbros were intruded after the main period of tectonic
scivity, Unfortunately, there s - wetamorphism to prove or disprove this hypothesis.

s

denes of contact

Lo The Central Quartz-granilice

The ovoid boundary of 1 e quartz-granclite shown in figure 20 and the extension in depth illustrated in
figure 22 are both hypotbetical. It has been assumed that the whole block is a vast xenolith ““tioating” in
the granite. Itm rock s remarkabie 1o that, although it is recrystallised and has been subjected to intense
sssure, the striping s guite flat and even. Although no rock as quartz-rich as this exists in either the
Sandebugten or the Cum lu riand Bay tvpes. the above hypothesis appears to be the most likely explanation
of the presence of this rock

Iy THE DYKXKES

Although they are partly atfected by some of the later faalting and associated cataclastic shearing in the
area north-west of Cooper Bay, the dykes are post-tectonic and the ones trending north-east to south-west
are later than those trending north-west to south-east. It is therefore surprising to find that the petrography
of the dykes is comparable to that of the pre-tectonic lavas. A comparison of figure 17 with figure 31
indicates there is a similar division within zach group into sodic and calcic types. Tt is noteworthy that in
both the lavas und dykes these two types appear together in the field, but the lavas are pre-tectonic and the
dykes are post-tectonic,

It should also be noted that the dykes &
and deformation by folding appear to
discussed on p. 47

1t only in the less deformed rocks, so that dyke injec‘l'ion
» have beerr mutually exclusive. The possible significance of this is

VIiIE, STRUCTURAL EVOLUTION

A INTRODUCTION

A THEORETICAL synthesis of the factual evidence set out above is presented in this section. In Section “‘B”
the depositional conditions for the Cumberland Bay type are reconstructed in detail, but for the later
sections it has been impossible to do this. Fspecially in Section “E” the hypothetical reconstruction of the
orogeny (figure 33) goes well beyond the evidence from South Georgia and is influenced by the literature
of tectonically comparable regions.

B, DEPOSITION oF THE CUMBERLAND BAY TYPE
some of the inferred conditio m pre mlh“g during deposition of the Cumberland Bay type tuffs have
already been noted (pp. 9-10). They ar
i, A constant direction ol m m.;.rlmmt.y currents throughout the series, parallel to,
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2. A slight bottor siope ;
3. A consequent slope of 34 ke per 100 km. from south to north.
()ther features of the sediments relevant to this palaeogeographical reconstruction are:

- The Cumberland Bay type is unlikely to be less than 10 km. (~33,000 ft.) thick. Allowing two graded
heda per metre the entire succession should contain about 20,000. The palacontological and stratigraphical
evidence (Trendall, 195 22), though slight, suggests a time range from early Mesozoic to Cretaceous.
It is likely that the graded aed' are of catmtmp!.ic origin, the movement being initiated abruptly by earth-
quakes. Kuenen (1953. p. 1046) estimates intervals of between 100 and 100,000 years between successive
graded beds of various h;n,xm,,

21t has already been rioted (p. 12 Trendall, 1953, p. 15, 18) that the tuffs contain both rounded grains

' @ plate IVb) If 11 is secepted that turbidity currents resulted from the sudden
nents, which were accumulating during a period of quiescence, then the rounding
of the lava grains by normal marine erosion can be accounted for. It is possible that the angular fragments
represent the debris of volcaniciiv which was associated with, and occurred immediately before, the
earthquakes which caused the coliupse.

HORIZONTAL  AND
JERTICAL SCALE
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FiGURE 32
A Cross-section from 5.5 W. to N NLE. through South Georgia. Drawn from the map by Herdman (1948).
B. Hypothetical cross-section during Mesozoic times: along the same line as “A”. Five kilometers of the Cumber-
land Bay type (%tippiedl have already been deposited.
L. Cross-section from W.S.W. to E N.I. through a part of the South Sandwich Islands group at the present day.
The similaritv to “B” i~ striking

The features already described ave iilusirated in the cross-section of figure 32B. The main characters of
thm reconstruction, together with the evidence for each, are summarised below:

. A slope of 200 km. at 2°, on which the graded beds were laid down. On p. 10 the distance of 100 km.
‘uaed represents the length of the projection of the outline of the present island on a line parallel to the
current direction. There is, however, no reason to suppose that the original basin was confined within these
limits and 200 km. kas been arbitrarily chosen for the construction of figure 32B.

2. A slope 50 km. in width adjacent to the land. If the fall over this distance is assumed to be 1 km. then
{ay the top of the 200 km. ni(l e would already be deep enough for the accumulation of typical graded
deposm, and (b} the slope of just over 1° provides a platform for the accumulation of sediments represent-
ing potential turbidity current material. The width of this platform is of necessity hypothetical. If there
Were any ev u,hm;w ol the shape in plan of graded beds then it would be possible to estimate their absolute
volumes and subsequently the width of shelf required to produce the necessary material

3. A volcanic archipe }.xpu from which the material came. The reasons mr%emtatm;: the existence of an
archipelago are: (a) the constructed section with a slope of 8 km. in 250 km. is comparable to the present
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South Sandwich arc and deep, in which a depth of 8 km. is attained in 150 km. (figure 32C). The association
of a volcanic (dormant or active) arcuate island chain with a slope leading to a deep, exists not only in the
South Sandwich Islands but also in the East and West Indies. Eardley (1951, p. 13, 14) has suggested the
presence of similar volcanic archipelagos on the Pacific side of the Cordilleran geosyncline. (b) The
complete absence of material other than of volcanic or possible volcanic origin suggests that the land was
not extensive.

. THE AXIAL DIRECTION OF THE BASIN

In the north-west part of South Georgia the present s:ructural strike is almost perpendicular to the
direction of the original bottom slope and the turbidity currents (figure 4). Although the strike of the
structures swings clockwise towards the south-east, the current direction remains constant. Evidence from
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Frsure 33
Cross-sections illustrating the major period of folding.
A. The complete sedimentary succession (stippled) iving on “basement” rocks, showing the direction of the

supposed forces with the north-east side being thrust pver the south-west side, combined with an upward
movement.

B. Details of the ventral buckle of A" towards the end of the movement. The lines a-a, b-b, and c-c show the
approximate positions of the three cross-sections indicuted on the end folding map.
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other localities has suggested that turbidity current directions are often parallel to the length of the basins
into which they flow, but in South (eorgia the confirmatory evidence of slumping indicates that the currents
were, in fact, approximately normal to the axis. This hypothesis is supported by the fact that the trend of
the Scotia Arc runs obliquely through South Georgia in an east to west direction.

From the arcuate strike of the structures of the island it can be inferred that the lateral forces leading to
the deformation may not have been perpendicular to the axis of the trough. If the trough was formed ori-
ginally by similar forces in a way such as that postulated by Hess (1938), then this is unexpected. The
reconstructed section given in figure 33 has been drawn in a north-east to south-west direction (perpendi-
cular to the general structural trend of the island) but it should be remembered that the trough of deposi-
tion probably ran east-west and that the regional trend of deformation may also have been in the same
direction. It is in fact possible that the axial line of deformation was arcuate, a possibility which is referred
e below,

D. THE SANDEBUGTEN TYPE

It was suggested above (p. 41 ) that & major regional palaeogeographical change separates the Sandebugten
and Cumberland Bay types. Two mechanisms, both of which would be capable of producing the structural
relationship between the two types shown in figure 12, are therefore suggested:

1. If the Sandebugten type had already been deposited before the formation of the basin in which the

east slope of the trough, thus initiating the folding of the type shown in figure 12. It is also possible that,
once formed, these folds with axial planes dipping north-eastwards were emphasised by the weight of the
overlying Cumberland Bay type, even when the Cumberland Bay type itself flowed north-eastwards under
the action of gravity during the major folding tfigure 33).

2. It is possible that folding of the Sandebugten type, in the sense illustrated in figure 338 and in the
tectonic position shown, could have been caused by the lateral compression indicated by the two lower
arrows in figure 23A; that is, with axial planes dipping north-eastwards and the anticlines becoming
vounger towards the south-west. The folds of the Cumberland Bay type immediately overlying the Sande-
bugten type in the position showr i figure 338 would have axial planes dipping gentlv to the south-west
with antichinal crests becoming younger towards the north-cast.

but until further evidence becomes uvailable the exact

Fither of these two hypotheses are tenab
structural relationship berween the Sandebugten and Cumberland Bay types must remain unsolved.

F. THE MAJOR PERIOD OF FOLDING

The age of the major period of folding is unknown, except that it is post-Aptian. The Cumberland Bay
type tuffs of Annenkov Island are known to be Aptian (Wilckens, 1947). A reconstruction of the area of
South Georgia towards the end of the folding 1s shown in figure 33, which is not drawn to scale. The fol-
lowing notes are given to amplify various features of this text-figure:

1. Lateral compression is assumed end it is not intended to discuss causes of crustal stress. It is supposed
that the sediments of the basin (5 ki of which are shown to scale in figure 32) were locally buckled by
compression and that there was a regional upward movement. The form of this buckle and the nature of
the compressing forces are illustrated in figure 33/, where the north-east side is thrust over the south-west.
Figure 33B shows the details of the central buckle.

2. The approximate positions of the three sections (a-a, b-b, and ¢—-c¢) in hgure 338 are indicated on
the end-folding map. The westerlv plunge north-westwards from Cumberland East Bay makes the rela-
tionship between a-a and b-t ite but there i3 little evidence for the position of ¢-c. It is possible for
there to be an actual plung ‘tures with no clear lineation to be seen in the field ; the very presence
of the south-gastern ignecus suggests a lower tectonic position for section c-u.
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APPENDIX 1

FLAGIOCLASE DETERMINATIONS

During the examination of thin seciions for the preparation of this report the compositions of 425 plagioclases were
determined by Kdohler's method (Kohier, 1942). The indicatrices of both halves of a twinned crystal were plotted and the
angles a, f and y were used (for albite. Carlsbad and combined Carlsbad-albite twins) in conjunction with the tables given
by Troger (1952). By this method it is theoretically possible to determine whether each plagioclase crystal has low or high
temperature optics, but it was found that the error in determining these three angles (by plotting the results from a Leitz
three-axis stage on a Wolfl net) was often too large to allow this. In such cascs the plagioclases were assumed to have the
optics appropriate to the rock and the miean of the three values was used. If the method is used quickly (about seven complete
plots in an hour), it is believed to be relinble within : 594 An, and this error is implicit whenever An values are quoted to
I %4 in the text. Apart from some albites, which can be reliably checked by 2V determination, no plagioclases have been
described as having low or high temperature optics as they will be studied further.

If all the plagioclases of a thin section have the sarme composition, the error of the method can be reduced by examining a
larger number. If the range of composit:on is required, the range of determinations will be greater but the ranges in different
thin sections will be equally affected, since the error remains the same.

APPENDIX 11

PIACE-NAMES

1. Since the publication of The Geology uf Scuth (Georgia-—1 a gazetteer for the Falkland Islands Dependencies has been
prepared by the Antarctic Place-Names Committee and some names used in that report have been changed. The following
substitutes have been used in this paper:

Trendall, 1953 Equivalent aceepted name in Gazerteer, 1955.
East Cumberland Bay Cumberland East Bay

CGeorge Bay Hound Bay

Morédnen Fjord Moraine Fjord

New Fortuna Bay Ocean Harbour

Doubtful Bay Smaaland Cove

Smaaland Bay Doubtful Bay

“large glacier flowing into St. Andrews Bay™ Cook Glacier

“glacier flowing westward into Undine South Harbour” Brogger Glacier

2. Figure 19 is a prelinunary modification of parts of F.1.D.S. 1:100,000 Sheets 54 36 SE and 54 34 SW, based on a survey
carried out by the South Georgia Survey 1953-4, and drawn and supplied by G. Smillie. It is expected that further modifica-
tions o place-names in this area will be made shorily. Various features that may ultimately bear a name accepted by the
Antarctic Place-Names Committee have therefore been marked by letters for descriptive convenience in the text, and their
positions are shown in figures 1, 13 and 19,

Printed in Great Britazin under the Authority of Her Majesty’s Stationery Office by Benham and Company Limited, Colchester
Wt. P9893 K4, 1066 9/57
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PLATE 1

a, CIT 40 fi. high at the west end of the north-eastern landing beach on Annenkoy Island,
showing thin even bedding in gently dipping (uils of Cumberland Bay tvpe.

b. Cliff on the west coast of Right Whale Bay, illustrating \ypical graded beds of Cumberland
Bay type tufts, The boundaries between complete graded beds are marked by solid white
lings with pecked white lines marking the divisions between upper and lower parls,

c. Dyke of coarse wil cutting Cumberland Bay tvpe tuffs in Right Whale Bay. The bedding
of the tuffs can be seen sloping downwards from left to right. The shaft of the hammer is
1 ft. long.
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PLATE II

i, Part of the south-castern igneous complex, The photograph was taken from the point
marked “SG77 in figure 19 towards the south-gast, A closer view of the clear rhythmic
layering in the gabbro is shown in plate 10d, which was taken to the left of the fault and
a little below the lowest part of the cliff visible here. Mote the abundance of dvkes in the
granite. A measured section of one such dyvke is given in figure 30.

b, Light-colourcd granulitic gneiss packed with dark basic xenoliths at the locality marked
I An Ggure 19, The breceialion ol some ol the xenoliths is comparable 1o that shown in
figure 230, The appearance in thin section of the xenolith material at this locality is shown
in plate ¥d. A rock from a nearby locality which is closely similar to the gneiss is illustrated
in plate ¥b. The hammer shaft is 1 ft. long.




PLATE Il




PLATE III

CAngular mass of dark “pyroxenite” in coarsc-grained, light-colourcd gaubbro showing
apparent breceiation, The pholograph was taken near the point marked “K'" in figure 19
and the face shown is 6 f1. wide,

. Dyark- and light-coloured quartz-diorite at the locality marked “M™ in figure 19, Although
the dark patches sometimes resemble xenoliths it appears from the irregular tongue of
lighter materizl on the right that some assimilation or replacement has occurred. The
isolated ceniral patch is 1 ft. wide.

. Striping in gabbro near the locality marked “K7° in figure 19, The streaky appearance is
quite different from the lavering shown in plate 111d. Part of a dyke is visible al the lell-
hand edge. The hammer shaft is 1 ft. long.

. Rhythmic layvering at the locality marked “H™ in figure 1%, The screc in the right fore-
eround lies in the lowest exposed part of the faull ¢leil in plate Ta. A thin scction of the
gabbiro is shown in plate Ve and modal estimates of thin sections (rom the lower and upper
parts of the thickest visible layer (8 ft.) are given on p. 37, The photograph was taken from
the granite looking east-north-east.






PLATE IV

. Intensely deformed toff from the Camberland Bay type near Grviviken (5.G, 200 ; ordinary
light; = 37

. Cumberland Bay tvpe toff from the ¢lifl on the south-gast side of the Ross Pass. Mote the
farge rounded grains of lava with interstitial debris including an angular crystal of albite
(5.0, &1; ordinary light; = 37).

- A slightly deformed, small rounded grain of sandstone in Sandebugten type greveacke,
Part of another sandstone grain appears at the edee of the photograph, Most of the matrix
is fnely erystalline caleite (S.G. 199 X-nicols; = 33).

Intensely delormed wfT () from the ridge on the north side of Glacier *°C" (figure 193,
The lines of dark material probably represent the original bedding of the rock (5.G, 219;
ardinary light; = 35} 7

. Massive spilite from locality 27" (figure 15). Laths of albite in a matrix consisting mainly

of pyroxens (5.0, 367; partly X-nicols; = 37),

. Basalt from locality =Y {fgure 15), Laths of plagiockise (Angg 74) in & matriz mainly of

pyroxene (5.0, 363 ordinary light; = 37).




PLATE IV




PLATE ¥

. Sheared granite-gneiss from the area north-west of Cooper Bay, Note the micrecline ancd

fing sheared quartz mosaic (5.0, 2508; ordinary light and X-nicols: = 32).

. Grranulitic gneiss from near locality 17 in fizure 19, Ouartz is the most abundant mineral

with biotite defining the foliation, A rock similar to this forms the light-coloured matrix
between the xenoliths in plate [h (5.6, 34%; ordinary light and X-nicols; =« 37

. Cartz-diorite from near locality “M™ in figure 19, Hornblende and andesine are the

principal constituents with subsidiary quartz (5.6 303 ardinary light and X-nicols: = 32,

. Material from a xenolith in the face shown in plate [k, Basic plagicclase {Angg g7) and

pyroxene are the principal constituents (5.0, 348; partly X-nicols: = 37).

. Gahbro from lecality “H™ in fgure 19 with pyvroxene (centrel, hornblende, chlorite and

calcic plagioclase, The mode of this rock is given onope 37 (5.5, 330; ordinary ight and
X-nicels; = 37

Laths of albite enclosed by a large avgite crystal in a sodic dyke from Diaz Cove (figure 15)
(5.G. 376 Xenicols: = 83
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