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PRISE

Established in 1989,  PRISE is the Research School of Earth Sciences preferred vehicle
for commercial and “commercial collaborative” work in the areas of geochronology, isotope
geochemistry and trace-element geochemistry.  PRISE is a joint venture between the Research
School and ANUTECH Pty Ltd.  It provides access to the Research School’s wide range of
equipment and expertise in isotope geochemistry and geochronology. As Visiting Fellows,
PRISE scientific staff also carry out their own personal research projects.

During 1999, Dr David Phillips joined PRISE from the De Beers Geoscience Centre
(formerly Anglo American Research Laboratories) Crown Mines, Johannesburg.  David is
principally involved with Ar-Ar and K-Ar studies, but has also undertaken LA-ICP-MS
projects.

The inaugural PRISE Visiting Fellow, Dr K. Ludwig from Berkeley Geochronology
Center, spent three weeks at the Research School during 1999.  We thank Dr Ludwig for his
time with us, for the seminars he presented and for his continued interest and involvement in
the School’s activities.

PRISE congratulates Dr R. Armstrong on being the recipient of the Honours Award for
1999 from the Geological Society of South Africa for particularly meritorious contributions to
the Society or the geological fraternity of South Africa.

PRISE hosted the following visitors to the School during 1999:

• Dr J. Aleinikoff, Branch of Isotope Geology, US Geological Survey, Denver, USA
• Dr R. Pankhurst and Dr I. Millar, British Antarctic Survey, Keyworth, United Kingdom
• Dr C.W. Rapela, Centro de Investigaciones Geologicas, Universidad de la Plata, Argentina
• Professor F. Hervé, Department of Geology, University of Chile, Santiago, Chile
• Professor T. Watanabe, Geology Department, Hokkaido University, Japan
• Professor D. Gebauer and Ms A. Liati, Department of Earth Sciences, ETH Zürich, Switzerland
• Dr A. Cocherie and Dr P. Rossi, Bureau de Recherche Géologique et Miniere, Orleans, France
• Dr C. Delor, Bureau de Recherche Géologique et Miniere, Orleans, France
• Professor W.R. van Schmus, Department of Geology, University of Tennessee, USA
• Mr K. Kenyon, Anglogold Ltd, Johannesburg, South Africa
• Ms S. Perritt, Department of Geology, University of Natal (Durban), South Africa
• Dr M. Pimentel, Instituto de Geosciências, University of Brasilia, Brazil
• Dr G. Teale, Werrie Gold Ltd, Prospect, South Australia
• Dr T. Hirajima, Department of Geology and Mineralogy, Kyoto University, Japan
• Mr S. Boger, School of Earth Sciences, University of Melbourne, Victoria

A selection of projects undertaken by PRISE staff during 1999 is included below.

New insights into the stratigraphy and tectonic evolution of the Cape Fold Belt, South
Africa - A SHRIMP U-Pb zircon perspective

R.A. Armstrong and M.J. de Wit1

The Cape Fold Belt (CFB) of southern Africa preserves the products of two orogenies,
viz. the Neoproterozoic Saldanian Orogeny (c. 650–550 Ma ago) and the Late-Palaeozoic
Early Mesozoic Cape Orogeny (c. 250Ma ago).  The tectonic history is recorded in variably
deformed and metamorphosed rocks from the two branches of the CFB.  The north-northwest
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– south-southeast striking western branch experienced predominantly brittle deformation and
here unconformable relationships between the Table Mountain Group (TMG, Cape
Supergroup) and the underlying Basement rocks are clear.  Deformation in the east-west
striking southern branch, on the other hand, was ductile and penetrative, resulting in a
regional finite strain fabric.  A number of east-west elongated Basement inliers occur within
this southern branch of the CFB, but deformation is intense along the contacts of the
Basement and overlying Table Mountain Group rocks, obscuring or complicating important
stratigraphical relationships.

Clearly, the tectonic history and the stratigraphic relationships between supposed
“basement” and overlying sequences needs geochronological control.  Unfortunately the
general lack of suitable dating material precludes the establishment of absolute time markers
in the CFB, and we have used the geochronological record preserved detrital zircons in order
to place maximum age constraints on the sediments from selected areas from the Port
Elizabeth “basement” inlier to Table Mountain.  An earlier integrated field and SHRIMP
study of sediments in one of the basement inliers (the Kango Inlier) by Barnett et al. (1997)
identified sediments which previously had been considered as part of the basement, but
contained detrital zircons with ages remarkably similar to those of the Table Mountain Group
(Armstrong et al., 1998).  We have now examined the detrital zircon record from sediments,
including deformed and undeformed clast components of the pre-TMG basement, from across
the CFB.  This approach, together with SHRIMP U-Pb zircon dating of granites from
throughout the region and small gabbroic bodies in the Kango Inlier, has enabled us to refine
and redefine the geological history of the Cape Fold Belt.  Clearly, many of the sediments
which were previously considered to be part of the pre-TMG basement (and deformed by the
Saldanian Origeny) contain zircons similar in age to those found in the TMG, indicating a
much younger age (<520 Ma) than previously thought.  As these sequences are deformed, it is
clear that it is the younger Cape Orogeny which has dominated in the region.  This has
important implications for the ages of major structures in these sediments and also of
correlations not only within the Cape Fold Belt, but also for correlations with similar
sequences in other parts of Gondwana.

Our combined cathodoluminescence and SHRIMP U-Pb studies of the inherited zircon
in the Cape Granites have shown that the Basement in the whole region is an extension of the
Mesoproterozoic Namaqua-Natal belt, rather than a Pan-African feature.

New evidence of polymetamorphic events of the Sør Rondane Mountains, East Antarctica

K. Shiraishi2, C.M. Fanning, R. Armstrong and Y. Motoyoshi1

The Sør Rondane Mountains (71.5–72.5 S; 22–28 E) are underlain by a medium- to
high-grade metamorphic rocks together with various plutonic rocks and minor mafic dykes.
An inferred suture line (Sør Rondane Suture; SRS) divides basement rocks into two terranes;
Northeast (NE) terrane which consists mainly of granulite facies rocks of intermediate and
pelitic compositions and Southwest (SW) terrane which consists of amphibolite facies rocks
mainly of intermediate to basic compositions.  A SHRIMP U-Pb geochronological study of
zircon from eleven rocks (four orthogneisses, five paragneisses, one migmatite and one
granite) and sphene from three rocks (two orthogneisses and one granite) covering a wide
ranging area of the Sør Rondane Mountains reveals three stages of metamorphic and
magmatic events: 900–1000 Ma (M1 metamorphism, and tonalite and enderbite magmatism),
650–600 Ma (M2 metamorphism) and 570–530 Ma (M3 metamorphism, migmatisation, and
granite magmatism).  It is significant that inherited ages older than ca.1100 Ma are very rare,
even among the paragneisses.  Only one grain in 20 zircons from a pelitic gneiss from the NE
terrane records an inherited component, at ca.3000 Ma.  The central parts of other grains of
this gneiss yield uniformly ca.1100 Ma.
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Taking into account previous Sm-Nd and Rb-Sr data, the basement of the Sør Rondane
area is seen to comprise Grenvillian age juvenile crust (ca.1100–1300 Ma) with minor
amounts of Archaean material from the hinterland of the Sør Rondane regions.  Granulite
facies regional metamorphism (M1) occurred between 900–1000 Ma forming the NE terrane.
Subsequently the NE terrane is metamorphosed at 630–650 Ma under granulite to amphibolite
facies conditions (M2).  In the eastern part of the Sør Rondane Mountains, that is, the eastern
part of the NE terrane, M2 occurred at ca. 600 Ma, younger than the age for M2 in the central
part of the mountains.  Zircons from a paleosome in a pelitic gneiss from this region formed
at ca.600 Ma whereas those from a leucosome segment of the same rock sampling yield an
age of 534 ± 7 Ma, coeval with the formation of granitoid bodies between 570–530 Ma.  The
U-Pb data imply that Pan-African activity in this region started at ca. 650 Ma.  Previous
interpretations of the timing of the deformation history for the Sør Rondane Mountains should
now be revised on the basis of these new U-Pb zircon and sphene results.

Mesozoic volcanism, plutonism and sedimentation in Eastern Ellsworth Land, West
Antarctica.

C.M. Fanning and T.S. Laudon3

Eastern Ellsworth Land (EEL), West Antarctica is located at the southern end of the
Antarctic Peninsula.  Despite its geographical significance as the southern most outcrop of the
Mesozoic magmatic chain that forms the Cordillera of North and South America, the outcrops
have rarely been visited and field constraints between the various rock units is poorly
understood.  Nevertheless, we are in the process of carrying out SHRIMP U-Pb zircon and
Sm-Nd isotopic analyses of volcanic and plutonic rocks across this southenmost section of the
Cordilleran magmatic arc to provide constraints on the evolving Pacific margin of Gondwana.

The Mesozoic of EEL is dominated by subduction-related calc-alkaline volcanic and
plutonic rocks, and in part coeval sedimentary rocks considered to have been deposited in a
back-arc setting.  The volcanic rocks are equivalent to the Antarctic Peninsula Volcanic
Group (APVG) of Graham and Palmer Lands, arbitrarily named the Mount Poster Formation
(MPF) south of 74 deg. 30 mins latitude.  The sedimentary Latady Formation (LF) is a
sequence of thick, structurally complex, shale, siltstone, sandstone and conglomerate, locally
interbedded with volcanic rocks of the MPF.  The MPF and LF are therefore considered
coeval, deformed prior to intrusion of the Cretaceous Lassiter Coast Intrusive Suite (LCIS).
Petrological and chemical studies of the LF, supported by SHRIMP U-Pb detrital zircon
suggest that the trend of arc migration during the Mesozoic was the “inverse” to commonly
accepted models.

Zircons from the MPF volcanic samples are dominated by simple prismatic grains with
gas vapour trails interpreted to represent volcanic parageneses, and lozenge shaped grains
with inherited central areas also representing components from magmatic sources.
Cathodoluminescence (CL) images reveal complex internal structure in many grains with
inherited centres observed within simple magmatic zircon. Our transect commences in the
east, where a porphyritic rhyolite from the Sweeney Mountains records a magmatic age of
189 ± 3 Ma, with inheritance at ~600 Ma, ~1000–1100 Ma, and ~1600 Ma.  Tracking west, a
porphyritic rhyolite from Mount Rex records an interpreted magmatic age of 167 ± 3 Ma,
with an inherited magmatic component at ~185 Ma, and older inheritance at ~600 Ma and
~1050–1070 Ma.  At Mount Peterson, the magmatic age for a MPF porphyry is 188 ± 3 Ma.
The westernmost sample analysed is from Fitzgerald Bluffs where a porphyritic dacite
assigned to the MPF has a magmatic age of 97 ± 1.5 Ma.  Clearly this latter sample is related
to the Cretaceous LCIS, and highlights the necessity for more detailed mapping in this remote
area.
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We had previously suggested that on the basis of the Mount Rex and Sweeney
Mountains U-Pb zircon ages  that the migration of MPF magmatism follows the generally
accepted westward trend.  Additional data from Mount Peterson indicates that this is not a
simple migration and we are composing a more complete section of magmatic age
information in this study of the Mesozoic evolution of EEL, west Antarctica.

Laser Probe 40Ar/39Ar Step-Heating Analyses of Single Clinopyroxene Inclusions
Extracted from Jwaneng, Orapa and Mbuji-Mayi Diamonds.

D. Phillips, J.W.Harri4, and G.B. Kiviets5

The development of micro-analytical 40Ar/39Ar laser probe systems has generated a host of
new applications, including the analyses of single clinopyroxene inclusions in diamonds.
These inclusions may be less than 300 microns in size and contain potassium levels below 0.3
wt.%.  Initial attempts to determine diamond genesis ages from analyses of syn-genetic
clinopyroxene inclusions proved unsuccessful and yielded variable apparent ages,
intermediate between the times of host kimberlite emplacement and diamond crystallisation.
This effect was attributed to partial diffusion of pre-eruption 40Ar to the diamond/inclusion
interface during mantle residence.   Laser drilling to buried inclusions was considered as a
possible solution to the problem of measuring genesis ages.  It was also suggested that
analyses of inclusions that have been totally extracted from their host diamonds should yield
the age of host kimberlite eruption.  The latter possibility has important implications for
constraining the sources of detrital diamond populations worldwide.  To test the latter
contention, clinopyroxene diamond inclusions, from the Jwaneng (Botswana), Orapa
(Botswana) and Mbuji Mayi (Democratic Republic of Congo) kimberlites, were analysed in
the current study.

Although some inclusions yielded ages within error of the time of host kimberlite intrusion,
the majority yielded apparent ages significantly older than the time of host intrusion,
indicating that not all pre-eruption argon resides at the diamond/inclusion interface as
originally thought.  In addition, older apparent ages were obtained from lower temperature
steps.  Furthermore, age differences between fragments from the same inclusion indicate that
the argon is heterogeneously distributed.  The step-heating results suggest that the pre-
eruption argon is located in low retention sites and/or at grain/domain boundaries.  One
possible explanation for the anomalous argon distributions involves initial diffusion of pre-
eruption argon to the diamond interface region in response to mantle cooling after diamond
crystallisation.  This is followed by diffusion of some interface gas back into the inclusion in
response to increased argon partial pressures caused by differential expansion during the
eruption process.  In cases where cracks develop around the inclusion, all pre-eruption argon
may be lost from the inclusion.

The current study demonstrates that the interpretation of 40Ar/39Ar laser probe results from
extracted or partially encapsulated inclusions is complex.  While some inclusions may well
yield reliable host kimberlite/lamproite emplacement ages, the partial retention of pre-
eruption argon will often lead to an over-estimation of the true result.  The current data also
suggest minimum genesis ages of 2.2 Ga and 2.8 Ga for two Jwaneng inclusions, which are
significantly older than inferred Sm-Nd diamond genesis ages obtained for the same locality.
This suggests that some portion of the pre-eruption argon is extraneous, or that the Jwaneng
diamonds grew over a prolonged time period.
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