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ABSTRACT
A rubidium-strontium whole-rock isochron obtained on samples

of pelitic to semipelitic metasedimentary gneiss recovered from the
basement of the Falkland Plateau at Site 330 corresponds to an age
of 535 ±66 m.y. (λj8 = 1.47 × lO-^a~1) with an initial "Sr/• Sr ratio
of 0.7309 ±0.0045. The age probably relates to metamorphic or
hydrothermal events recorded in the basement rocks: this fits in well
with the regional geochronology of the reconstructed Gondwana-
land continent. However the data allow the possibility of a con-
siderably older age for the sediments themselves. The granite peg-
matite intruding the gneisses is more radiogenic than the gneisses,
but the Rb/Sr data do not define an isochron.

K-Ar ages of 399 ± 10 m.y. and 287 ±7 m.y. for samples of gneiss
and pegmatite, respectively, appear to represent ^Ar loss related to
contact metamorphism by adjacent intrusions.

INTRODUCTION

The metamorphic and igneous basement rocks
penetrated beneath Jurassic sediments in Cores 16 and
17 at Site 330 demonstrate conclusively that the
easternmost segment of the Falkland Plateau, South
Atlantic, is underlain by continental material. Granitic
and gneissic rocks of similar type crop out in the vicini-
ty of Cape Meredith in the Falkland Islands (Islas
Malvinas) (Baker, 1924; Greenway, 1972) where they
are overlain unconformably by rocks of presumed
lower Devonian age. However, no published
radiometric ages are available from the Cape Meredith
Complex.

The Falkland Plateau and adjoining areas of the sea
floor bounded by the 3000-meter isobath are continu-
ous with the South American continent. This phase of
the Deep Sea Drilling Project has established that it is
necessary to incorporate the low-lying eastern extremi-
ty of the Falkland Plateau into any precontinental drift
reconstructions of Gondwanaland. The main objective
of the present study was to establish the age of the base-
ment rocks and hence to identify any possible
relationship with the known areas of pre-Jurassic base-
ment in South America, South Africa, and Antarctica.

The petrology and geochemistry of the Hole 330
basement rocks is described by Tarney elsewhere in this
volume. Briefly the main rock types represented consist
of (a) a series of foliated semipelitic to pelitic gneisses of
probable sedimentary origin; (b) thin concordant
granitic veins (TΠ) which have suffered deformation and

'Institute of Geological Sciences, London, United Kingdom.
2Department of Geological Sciences, University of Birmingham,

United Kingdom.
3Department of Geology and Mineralogy, University of Oxford,

United Kingdom.

recrystallization; (c) a thick granite pegmatite (in) in
Core 17, with equivalent thinner pegmatitic veins
elsewhere in the core and which have not undergone
substantial recrystallization; (d) later thin basic veins
which cut the gneisses; and (e) a fine-grained
microsyenite which cuts the granitic pegmatite in the
lowermost part of Core 17(17, CC), which may or may
not be part of a larger intrusion.

Hopes of a successful outcome to the dating pro-
gram were not held to be very high after preliminary ex-
amination of the core. In the first place, a variety of
rock types are represented in this relatively short sec-
tion of core, and their relationships can only be in-
ferred: normally in a continental exposure one would
have three-dimensional control and a choice of suitable
samples. In the second place there has been extensive
hydrothermal recrystallization of the biotites (one of
the main 4 0K, 8 7Rb, and 87Sr bearing phases)
throughout the core. Thirdly, the presence of substan-
tial basement calcrete near the top of Core 16, together
with thin calcite veins and replacement of plagioclase
by carbonate throughout the upper part of the core, in-
dicate an extended period of ground-water activity
prior to burial. To minimize the effects of the latter,
samples for the dating program were taken only from
Core 17. Finally, an unknown factor is the size and ex-
tent of the later basic and microsyenite intrusions and
their possible thermal effects on the parent and
daughter radioisotopes in the gneisses and pegmatites.

SAMPLE PREPARATION, ANALYTICAL
METHODS, AND RESULTS

Samples were extracted from the core by slicing
longitudinally with a diamond saw into quarters and
allowing as great a length as possible consistent with
homogeneity. Each sample was washed thoroughly
with demineralized water to remove as much seawater
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contaminant as possible. Inevitably the sample size is
much smaller than that normally used in the dating of
such rocks. Each longitudinal section of core was
crushed either to -40 to +80 mesh powder for argon
analysis, or to a very fine powder for rubidium and
strontium analysis. An aliquot of each -40 to +80 mesh
powder was reduced further to a fine powder for
potassium analysis. Potassium-argon ages have been
determined on one sample of granite pegmatite and one
of gneiss. Rb-Sr and 87Sr/86Sr ratios have been deter-
mined on three whole-rock samples of the granite peg-
matite and four whole-rock samples of gneiss. The
range of Rb-Sr ratios in both the analyzed gneisses and
the granite pegmatite is rather restricted (Tarney, this
volume).

The analytical methods and error calculations used
in potassium-argon age determinations have been de-
scribed by Beckinsale and Obradovich (1973). The ages
have been calculated using the decay constants for 40K
and other parameters recommended by Beckinsale and
Gale (1969), and the results are given in Table 1.

Analytical methods used for rubidium-strontium age
determination have been described by Beckinsale
(1974), the only difference being that instead of AGX
(Pankhurst and O'Nions, 1973) the X-ray fluorescence
standard used was the USGS standard granodiorite
GSP-1. The rubidium and strontium values adopted for
GSP-1 were those of Pankhurst and O'Nions (1973).
The results are summarized in Table 1, and the
87Sr/86Sr ratios are quoted relative to an Eimer and
Amend value of 0.7080. An isochron plot for the gneiss
data is shown in Figure 1, but the pegmatite data do not
define an isochron.

INTERPRETATION OF RESULTS

Gneisses
The four gneiss samples define an approximately

linear array on the Rb-Sr isochron diagram. The best-
fit line computed to run through these points by the
least-squares method of Williamson (1968) gives a slope
corresponding to an age of 535 m.y. using a value of
1.47 × 10-na-1 for the decay constant of 87Rb. The
scatter of points about the best-fit line is, however, out-

535+66 m.y.

- 0.7309+0.0045

87 Rb/86 Sr>•

Figure 1. Rubidium-strontium isochron diagram for meta-
sedimentary gneiss samples, Core 17, Site 330.

side that of experimental and instrumental errors and
must include some "geological" factor. Therefore to
compute more realistic errors in the age and initial
87Sr/86Sr ratio, the experimental errors were multiplied
by a factor of 3.1 in order to bring the ratio of the
squared residuals to the degrees of freedom down to
2.5. On this basis the whole-rock "isochron" for the
gneisses gives an age of 535 ±66 m.y. with an initial
87Sr/86Sr ratio of 0.7309 ±0.0045 m.y. The errors are
quoted at the one sigma level, and include geological as
well as analytical uncertainty. A possible contributory
factor in the geological uncertainty might be the
relatively small size of the available whole-rock
samples, which were of the order of a few hundred
grams in contrast to the 5 to 25 kg normally preferred
for Rb-Sr analysis. The geological significance of the
Rb-Sr whole-rock isochron age of 535 ±66 m.y. is not
immediately self-evident, and there are several possible
interpretations. The age could reflect:

1) Homogenization of the strontium-isotope ratios
during diagenesis following deposition of the original
pelitic to semipelitic sediments, with differences in the

TABLE 1
Rubidium-Strontium and Potassium Argon Data for Samples of Metasedimentary

Gneiss and Granite Pegmatite, Core 17, Site 330

Sample Lithologya Rb/Sr1 87Sr/86Src
Rbα

(ppm)
Srd

(ppm)
K e ^ A r r a d g ' 1

(sec)
Ar atmos

K-Ar Age
and Error

(m.y.)

17-2, 4
17-2, 8A
17-2, 9
17-2, 18
17-2, 17
17-2, 15
17-2, 16A

G
G
G
G
P
P
P

2.628
1.962
1.190
1.338
2.656
2.579
2.900

0.7939
0.7723
0.7613
0.7594
0.8106
0.8149
0.8249

164
162
96
150
245
247
303

62
83
81
112
92
96
105

2.553 4.436 × 10-5

9.059

4.58

1.097 × 10"4 3.26

399±10

287+7

HJ = gneiss, P = granite pegmatite.
"XRFS analyses, errors ±1% (1 sigma).
formalized 87Sr/86Sr ratios, errors ±0.0003 (1 sigma).
^XRFS analyses. Mass absorbtion coefficient estimated from Compton peak, errors ±10% (2 sigma).
eSee text for details of K-Ar analyses.
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Rb/Sr ratio still being maintained. The high initial
87Sr/86Sr ratios would indicate derivation of the
sediments from a relatively mature continental source
with an insignificant volcanogenic component from
younger mantle-derived igneous rocks. This points to
the antiquity of continental material in this area.

2) Homogenization of strontium-isotope ratios dur-
ing the regional metamorphic event or events which
culminated in the crystallization of the strongly col-
ored red biotite. Although the efficacy of meta-
morphism in resetting whole-rock (as opposed to
mineral) isochrons has recently been questioned
(Moorbath, 1975), the arguments put forward do not
necessarily apply to the present rocks.

3) Homogenization of strontium isotopes during a
contact metamorphic event associated with emplace-
ment of the granite pegmatite or microsyenite, or the
hydrothermal event linked with the extensive replace-
ment of the red biotite by green and colorless micas and
chlorite. In one case in the Antarctic (Faure et al.,
1968b), it has been demonstrated that an Rb-Sr whole-
rock isochron age (432 ±16 m.y., λß = 1.47 × lO~1^"1)
obtained for samples of metasediments of the LaGorce
Formation in the central Transantarctic Mountains is
essentially identical to the Rb-Sr whole-rock isochron
age of intrusion of local quartz monzonites (450 ±10
m.y.). The LaGorce Formation is intruded by granitic
rocks of the Wisconsin Range batholith which have
given an Rb-Sr whole-rock isochron age of 589 ±22
m.y. The LaGorce Formation is also apparently
overlain by metavolcanics of the Wyatt Formation
which have yielded an Rb-Sr whole-rock isochron age
of 595 ±13 m.y. The isochron age obtained for the
LaGorce Formation is therefore far too young to
reflect strontium isotope homogenization during either
diagenesis or regional metamorphism, both of which
must have occurred about 150 m.y. earlier.

Assessing the relative merits of linking the apparent
isochron age to either of these events is difficult. An ad-
ditional complicating factor is the possible leaching
effect of the ground-water activity which produced the
basement calcrete. The geochemical data (Tarney, this
volume) indicate significant segregation of secondary
copper in the calcrete at the top of the core with an
equally significant leached zone below. However, most
of Core 17 shows normal copper values, and we are in-
clined to think that the leaching action of ground-water
has had minimal effect at the deeper level of the core
from which the dating samples were taken. In any case
there is no evidence that elements other than copper
have been appreciably affected.

A more serious problem affecting interpretation is
the nature and extent of the geochemical changes ac-
companying the hydrothermal activity. The micro-
probe data (Tarney, this volume) indicate appreciable
loss of potash as the red biotites transform to green and
colorless micas and chlorites. Since biotite is also a ma-
jor rubidium-bearing phase in the gneisses, loss of
rubidium and accumulated radiogenic strontium would
also be expected. The whole-rock K/Rb ratios are
rather higher than is normal for micaceous gneisses
(Tarney, this volume) suggesting that more rubidium

than potassium has been lost from the rocks during the
hydrothermal activity. On the other hand, it is likely
that the loss of radiogenic strontium would have been
greater than the loss of rubidium since while some
rubidium would have been taken into the structures of
the replacing green biotites, there is no comparable
phase to take the radiogenic strontium other than
plagioclase (which is present only in small amounts and
in any case tends to be rather altered), or potassic
feldspar (which shows no evidence of recrystallization
at this stage).

These geochemical changes must be reflected to some
extent in the observed isochron and must at least have
contributed to the apparent scatter about the best-fit
line and probably to an overall reduction in the slope of
the isochron too. We suspect therefore that the 535-
m.y. slope of the isochron correlates either with the
hydrothermal event or with the previous episode of
metamorphic recrystallization and gneissification or
some combination of the two. In either case, the ob-
served high initial strontium ratios allow for the
possibility that the ultimate age of the sediments could
be very much older, certainly Precambrian.

The K-Ar age for the gneiss whole-rock Sample 330-
17-2, 8A (Table 1) gives an age of 399 ±10 m.y. (one
sigma error). The potassium-bearing minerals in this
rock are K-feldspar and green biotite/chlorite, both of
which are known to lose radiogenic 40Ar relatively easi-
ly (Dalrymple and Lanphere, 1969). The discordance
between the K-Ar age of 399 ±10 m.y. and the Rb-Sr
whole-rock isochron age of 535 ±66 m.y. can be at-
tributed to argon loss. The argon loss could have oc-
curred during a specific thermal event such as the
emplacement of the pegmatite, the hydrothermal
alteration, or the intrusion of the microsyenite, or it
could have occurred almost continuously.

Granite Pegmatite
The Rb-Sr data for the granite pegmatite do not

define even a crude linear array in an isochron dia-
gram, and it is not possible to derive an age from these
results. All the data points plot above the gneiss
isochron, and if the granite pegmatite is 535 m.y. or
younger, it must have had quite a high initial 87Sr/8éSr
ratio. For instance, a line through the centroid of the
Rb-Sr data for the granite pegmatite with a slope
equivalent to 535 m.y. (λß = 1.47 × 10-na-') gives an
initial 87Sr/86Sr of about 0.754. An initial ratio of this
magnitude precludes a low Rb/Sr lower crustal or man-
tle source for the granite pegmatite, but would allow
derivation by partial melting of rocks similar in
geochemistry to the metasedimentary gneisses at depth,
or necessitate contamination of any mantle-derived
magma with appreciable crustal strontium.

The K-Ar age for Sample 330-17-3, 16A is about 290
m.y. (Table 1). This sample represents a facies of the
pegmatite rich in K-feldspar. Although the K-feldspar
in the pegmatite has some optical characteristics sug-
gestive of sanidine, there is nevertheless incipient
development of cross-hatched twinning indicative of
partial transformation to microcline. Had the feldspar
been sanidine (albeit in an unusual geological situation)
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the 290-m.y. age might have been valid since sanidine is
known to retain radiogenic 40Ar well (Dalrymple and
Lanphere, 1969). However, a more likely explanation
would be that the K-Ar age reflects argon loss, either
continuously, or in some thermal event postdating the
emplacement of the pegmatite. Such an event might
well have been the emplacement of the microsyenite. It
may be significant that the K-Ar age of the pegmatite
sample is lower than the K-Ar age of the gneiss sample.
The position of these two samples in the core relative to
the microsyenite would indicate that the pegmatite
sample was much closer to the microsyenite contact
and hence may have suffered a greater thermal effect
with consequently more complete loss of accumulated
radiogenic argon.

In summary, the relatively complex geological
history recorded in the basement rocks at Site 330 does
not allow a unique and unambiguous interpretation of
the Rb-Sr and K-Ar age data. A succession of thermal
and geochemical events is available with which to cor-
relate the apparent ages. Had Site 330 bottomed in a
simpler geological situation, a less-flexible interpreta-
tion might well have been possible. Subjectively we feel
that the metasedimentary gneisses, and possibly the
pegmatite, also could be much older than the 535-m.y.
isochron age suggests. The high initial 87Sr/86Sr ratios
of the gneisses would certainly allow an earlier
geological history well back into the Precambrian.
Clearly on this basis the Falkland Plateau cannot be
neglected in reconstructions of Gondwanaland.
Nevertheless, the reality of important geological events
between ~535 and ~290 m.y. in the area must also be
faced, and comparisons with the major continental
segments of Gondwanaland are made below.

IMPLICATIONS FOR THE REGIONAL
GEOCHRONOLOGY OF GONDWANALAND

In the context of Gondwanaland, the geological
history of southernmost Africa is that which is most
readily compared with the Falkland Plateau. Meta-
morphic and igneous rocks of the craton are not ex-
posed along the southernmost margin in South Africa
although they underlie the Karroo System (Stratten,
1971) and are exposed around Durban (Haughton,
1969). In the southwestern Cape Province, the Malmes-
bury System and Cape Granites represent the oldest ex-
posed orogenic belt (Haughton, 1969). The Malmes-
bury Formation, which consists largely of a graywacke
shale sequence, is folded about axes trending north-
west and is intruded by plutons of the Cape Granites.
Radiometric dating indicates emplacement of the
plutons at about 550 m.y. (Allsopp and Kolbe, 1965).
Strata assigned the same late Precambrian age as the
Malmesbury also crop out in the Cape Fold Belt.

The Cape Fold Belt, of late Paleozoic to early
Mesozoic age, is the dominant orogenic belt in
southernmost Africa, and in it the Cape System and
lowermost Karroo System are deformed. An earlier
phase of pre-Dwyka (?) mid-carboniferous deformation
is recorded in the western Cape Province, but the prin-
cipal event during which the major structures of the
Cape Fold Belt were developed is believed to have at-

tained a deformational peak in mid-Triassic time
(Bishop and van Eeden, 1971). The structures strike
east-west to east-southeast-west-northwest and are
abruptly truncated at the continental margin. On the
proposed reconstruction these structures strike into the
eastern part of the Falkland Plateau. Although the
Cape Fold Belt does not have any associated plutonic
rocks, the Karroo Supergroup contains abundant
volcanogenic material including airfall tuffs (Elliot and
Watts, 1974; Fuller, 1971; Martini, 1974). The volcano-
genic constituents are known to occur in the sequence
from the lower Permian upper Dwyka Shales up into,
probably, the upper Triassic Red Beds, and this clearly
indicates that there was considerable igneous activity
associated with the Cape Orogeny.

The rubidium-strontium whole-rock isochron data of
535 ±66 m.y. fits well with the geochronological
evidence in the Malmesbury System and Cape Granites
for an early Paleozoic orogeny. The Falkland Plateau
metamorphic rocks could well have undergone iso-
topic homogenization during that event. The younger
potassium-argon dates may represent continued argon
leakage from rocks of that age or, equally well, thermal
events or igneous activity associated with the younger
Cape Orogeny.

In the broader context of Gondwanaland early
Paleozoic dates of about 500 ±50 m.y. have been
recorded from the Pampean Ranges of northwestern
Argentina and the Sierra de la Ventana of eastern
Argentina (Halpern, 1972). Late Paleozoic and early
Mesozoic igneous activity has been demonstrated for
the Patagonian Massif and Deseado Massif in southern
Argentina (Halpern, 1968, 1971; Halpern et al., 1971,
1972; Stipanicic et al., 1971).

The geochronology of Antarctica has been sum-
marized by Craddock (1972) and Krylov (1972). Ant-
arctica shows evidence of both a late Precambrian
event, the Beardmore Orogeny, and an early Paleozoic
event, the Ross Orogeny (see Elliot, 1975; Faure et al.,
1968a; Gunner and Faure, 1972; Grindley and
McDougall, 1969; Pasteels and Michot, 1970). These
orogenic belts can be recognized in the Transantarctic
Mountains from near the head of the Weddell Sea
across the continent. The errors in the isochron do not
allow distinction between the two orogenies. Early
Mesozoic deformation is recorded in the Pensacola and
Ellsworth mountains, as well as in the Antarctic Penin-
sula, and constitutes the Antarctic evidence of the
Gondwanian Orogeny.

It is clear that the isochron yielded by the Site 330
metamorphic rocks fits well with the regional geo-
chronology of this part of Gondwanaland, in particular
with the Cape Granites and Malmesbury deformation.
The younger potassium-argon ages of the gneisses and
pegmatite are consistent with resetting of older dates by
thermal events or igneous activity during the Cape
Orogeny.
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