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3.45 Ga FELSIC MELT INCLUSIONS FROM THE BARBERTON G REENSTONE BELT
Agangi, A.& Hofmann, A.

Paleoproperozoic Mineralisation Group, Universityjohannesburg, APK Campus, Auckland Park 2006,
South Africa;aagangi@uj.ac.za

Keywords: Archean, rhyolite, melt inclusion, TTG

As a first approximation, Archaean felsic magmatiassociated with the Barberton Greenstone Belt
(BGB) can be broadly subdivided into an early (~3.52 Ga), Na-rich stage that formed the TTG serie
and a generally later (<3.2 Ga), K-rich compondrat resembles post-Archean granites (Viljoen and
Viljoen, 1969). Thisshift in the compositions ofgitoids in the Archaean has been interpretedtéstat

to secular variations in the Earth’s thermal regiara to unique petrogenetic conditions during timaé.
Petrogenetic models favour production of “TTG mély’melting of mafic rocks at either water-satudate
or water-undersaturated conditions and at vaript#esure, whereas potassic magmas are believerl to b
the result of TTG melting (Kelinhanns et al., 20@3emens et al., 2006; Moyen, 2011). However, the
melt composition on which all petrologic considéras rely is not known, and has to be inferred from
whole-rock analyses.

Here, we present preliminary results of a meltusin study of the 3.45 Ga old volcanic-subvolcanic
Buckridge Volcanic Complex, upper Onverwacht Groufhe Buckridge Volcanic Complex is
characterised by immobile trace (rare earth ant-hald strength) element compositions that closely
match the coeval TTG-type plutons that crop outhte south-west of the BGB. Because of these
similarities, a genetic link has been previouslypgosed (de Wit et al., 1987). However, mobile eletsie
were strongly modified by widespread alteration aretasomatism, including silicification, Na depeti
and K enrichment, which affected large portionshef Onverwacht succession (e.g. Hofmann and Harris,
2008). Therefore, the study of melt inclusions ¢ave important indications on the original melt
composition. Melt inclusions are relatively abundenquartz-phyric rocks of the Buckridge Complex,
but many are poorly-preserved, due to pervasivetdrang of the host quartz and to decrepitation.
However, well-preserved inclusions melted compjets temperatures greater than 930°C, and were
guenched to a crystal-free glass, suitable for aicalysis.

Electron microprobe analyses indicate that the meds rhyolitic, and metaluminous to slightly
peraluminous (A/NCK = 0.95 — 1.18). Melt inclusiomave significantly higher N® (<5.5 wt.%) and
CaO K1 wt.%), and lower E©; and MgO contents<(L.0 wt.% and <0.3 wt.%, respectively) compared to
whole-rock analyses. Melt inclusion compositione aimilar to TTG plutons in terms of high )Xg
relatively low Mg/(Mg + Fe), and relatively high Oabut the high KO (<8.6 wt.%) and the ¥O/NaO
around 1 are much higher than the TTG plutonshabmelt inclusion compositions plot in the potassi
field in major element classifications such as WeK-Ca. Volatile components are present in low-
moderate amounts (€D.17 wt.%, $<0.03 wt.%, F <0.1 wt.%).

These difference s can be explained through 2 hggets: 1) melt inclusions represent a K-rich ewblve
stage of TTG melt; or 2) melt inclusions represanpreviously unrecognised melt, sharing some
characteristics with TTG intrusions and some withidh (granitic sensu stricto) intrusions.
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TRACE ELEMENT DISTRI BUTION PATTERNS IN PYRITE FROM THE SHEBA MINE,
USING LA-ICP-MS MAPPING
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LA-ICP-MS mapping results show that the pyrite of the @hdine from the Barberton Greenstone |
(BGB) is zoned. Zoning in the pyrite is indicateg \ariatior in the traceelemen compositions, which
reflect different domainsor tiny mineralogical inclusions within the pyritattice. These differer
domains in the pyrite cause variation in the abfatrate. The short ablation time used (0.5 ¢
emphasizes the domains effect relative to longkatiah times, where severdomains may contribute
the individual analyses.

Standardization to a minor (Ni, Co, etc.) or magtements (S, Fe) in pyrite, as determined by alea
microprobe, will not be possible, because of thpiddachanges ablation behavior even with si
composition changes. Therefore, we present data liy-ICP-MS in count per secor

Ni (or Co) substitute for Fe in pyrite, and a négatorrelation between Ni and Fe concentratiomsikst
be expected. However, a positive slope betweerctiiats per scond of Ni and Fe is observed. T
variation in Ni and Fe cps is dominated by the @ffeof different ablation rates and disguises the
concentration relationship.
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Figure (1): The distribution of some elements initgyfrom the Sheba Mint



GRANITOIDS FROM RAJASTHAN (NW INDIA): EMPLACEMENT | N A RODINIAN
ANDEAN-TYPE ARC AND DEFORMATION IN A GONDWANAN COLL ISION
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The ~125 krfiMt. Abu granitic pluton in Rajasthan, northwesténdia consists of variably deformed,
subsolvus, dominantly metaluminous, I-type, porgltyhornblende-biotite granitoids that are crosscu
by both granitic and mafic dykes. Weakly defornvadieties occur mainly in the central regions & th
pluton, and gneissic varieties, including distinetaugen gneisses are found on the margins, eipetia
the northwestern side. Modest diversity in majod &race element chemistry (Si© 72.8 + 2.8 wt.%;

La = 100-400x chondrites) is attributed to variapbatial melting processes rather than to fractiona
crystallization. U-Pb zircon analyses (TIMS methfmt 3 samples yield nearly concordant dates &f 76
+ 5 Ma, which we interpret as the time of magmatigstallization. This demonstrates that the Mt.Abu
granitoids are coeval and correlative with volcaarid plutonic rocks of the nearby Malani IgneougeSu
rather than with the Erinpura granites, which azednstrably older by ~100 m.y. We further show tha
Mt Abu granitoids are geochemically and petrololijcdistinct from Erinpura granitoids, but match
those from the Malani Igneous Suite and Prasliugrgranitoids of the Seychelles, which, along with
northern Madagascar, formed now-fragmented comgenehan Andean-type magmatic arc on the
margin of the Rodinia supercontiner’Ar/**Ar isotopic data on a hornblende separate fromliatéal
granite yields an age of 509 + 2 Ma, which we intet as representing the time of amphibolite grade
metamorphic resetting, and cannot have been camgexyn-orogenic magmatic emplacement, as has
been previously inferred. This late Pan-Africae @gmonstrates that the effects of Gondwana asgembl
and collapse extend into northwestern India, andtnimave also affected sedimentary rocks of the
Marwar Supergroup, which are likely equivalentdhaf extensive earliest Paleozoic sandstones ohNort
Africa. Deformation of the Mt.Abu granitoids andakivar supracrustal rocks may be related to
extensional strike-slip collapse of the Pan-Africanuntains formed during the final assembly of the
Gondwana supercontinent.



WHAT CONSTITUTES AN ARGON-ARGON AGE: EXAMPLES FROM DIFFERENT
TERRAINS
Belyanin, G. A& Kramers, J. D.

Department of Geology, University of Johannesbatgkland Park, South Africa;
gbelyanin@gmail.com
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“°Ar-**Ar method is a variant of the K-Ar method, in whishmples are irradiated in a nuclear reactor
prior to analysis. Luckily, the Pelindaba NucleaesBarch Centre is situated in the vicinity of
Johannesburg, making our research process lesepratic. Subsequent to irradiation, stepwise hgatin
of the sample is implemented by infrared laserrdento release argon. Further, all the argon paEga@re
routinely analyzed with the noble gas mass speatemMAP 215-50. Our system (laser and
spectrometer) was kindly given to the UniversityJohannesburg by the De Beers Geosciences Lab.

A high precision of the mass spectrometer in ikstebn multiplier mode allows grains of very snxifle
(<0.5 mm) being analyzed. The small sample size msans that many grains can be irradiated in a
single batch. A better age reliability is achiewéa study of a few grains per sample, which helfth w
the data interpretation as well.

We present some of the ages we obtained from \@HKerich minerals (mica, amphibole, eudialyte etc.)
and their “plateau” behavior is further discuss@dthorough stepwise heating analysis can reveal
intriguing effects, for instance for amphibolesnfrehe Limpopo Belt. Even if they do not yield pxi
ages, they allow to distinguish polymetamorphicnfranonometamorphic rocks (Figure 1a). Other
examples include dehydration zones developed invthenar alkali granite of Southern India (Figure
1b).
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Figure 1. Argon-argon age spectra for amphiboles from thepdpo Belt & and Munnar granite of
Southern Indiaky). All errors are 2, plateau steps are filled, rejected steps are.open



DEFORMATION-ENHANCED MAJOR AND TRACE ELEMENT DIFFUS ION IN ROCK
FORMING MINERALS: FIRST RESULTS

Bittner, S.HRoyi, M., Proctor, B.
Department of Geology, Rhodes University, Grahamst@outh Africa; s.buettner@ru.ac.za
Keywords:plastic deformation, major and trace elements; EPMA

The existing literature shows for a number of mithepecies (e.g. zircon, cordierite, tourmaline)
that plastic deformation significantly enhancedudiion rates of cations and has the potential tdifyio
the mineral composition and element distributiordéformed crystal domains. However, very little is
known about the importance of deformation tempeeatar deformation intensity, the chemical
environment, or the importance of cation sources sinks in the matrix of the deformed crystals. The
current study has been carried out as reconnaissaok and has investigated olivine, orthopyroxene,
and phlogopite from harzburgitic mantle xenolitheni Kimberly, and plagioclase, alkali feldspar and
guartz from medium- to high-grade metamorphic fetsustal rocks.

Preliminary EPMA data show correlations betweermmeletal compositions and presence or
absence of deformation textures such as unduloecten, subgrain formation, or recrystallisation.
Migmatitic plagioclase, deformed under (lower?) arplite facies conditions, shows a significantgro
in anorthite content from gk, to ang.3 in subgrains and recrystallised grains, wherelygtat domains
showing undulose extinction maintain their primapmposition. Less significant are the compositional
variations in migmatitic plagioclase deformed undpgper amphibolite to granulite facies conditiofilse
investigated alkali feldspar is close to the orthse endmember in composition and does not show
significant variation in major element contentgarlless of the textural position from where thevVEP
analysis was obtained. The available data mighpatisome Ba uptake in deformed domains with an
increase by about 100-1000 ppm, but the resultsfimey and the data set needs to be expanded.
Similarly erratic is the data set on Fe and Tirasd elements in deformed quartz. The compositional
heterogeneity and the probable extraction of Timfrquartz domains showing undulose extinction,
subgrains, or recrystallisation, have significafteethe application of the Ti-in-Qtz thermometer.

Neither olivine nor orthopyroxene or phlogopite Sheared mantle xenoliths shows significant major
element variations. Particularly in Fe and Mg catgeand ratios remain constant amongst old grains,
subgrains and recrystallised grains, suggesting rtineral growth and deformation/recrystallisation
occurred at more or less const@AT conditions. Orthopyroxene shows systematicallydasing Ti, Ca
and Cr contents in recrystallised grains. Titanimereases from ~140 to 300 ppm, Ca from ~2000 to
4000 ppm, and Cr from ~2200 to ~3000 ppm. Nickel amanganese remain constant at ~700-800 ppm
and 640-750 ppm, respectively. By contrast, trdeement contents in olivine do not vary significgntl
with deformation intensity with ~20 ppm Ti, 550-64pm Mn, ~2800 ppm Ni, and up to 160 ppm Cr in
either old and recrystallised grains. Only Ca migtdrease slightly from 80-170 to 200-240 ppm in
recrystallised grains. In phlogopite, the Ti contieicreases to ~3000-~7000 ppm in recrystallisedhgr
and subgrains from <2000 ppm in old grains.

The relatively small data set from a small numbérsamples does not allow far reaching
conclusions as yet. However, Na and Ca mobilizafiorplagioclase appear to require substantial
deformation, forming subgrains and recrystallisedirg, and this mobilization might increase with a
larger temperature difference between crystal dgnoamd deformation temperatures. Under mantle
conditions, the fairly simple major elemental comiion of orthopyroxene, olivine and phlogopite rese
to be insensitive to plastic deformation. Recryisi@ion of orthopyroxene correlates with signifita
incorporation of Ca, Cr and Ti, a pattern that @ seen in forsteritic olivine despite of near itieal
deformation features. Since our study does not sttmplementary extraction of these element species
from any other phase present in the peridotite,aggume synkinematic influx of a fluid phase as the
source of additional Cr, Ti, and Ca.



PHYSIOCHEMICAL DISCONNECT IN METAMORPHOSED COAL: A  GEOLOGICAL
FEATURE OR ANALYTICAL MISMATCH?

Bussio, J. B; Roberts, R. 3. Wagner NJ.
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The mechanics and chemical variations created glumietamorphism of organic geological compounds
such as coal is a subject which has been oftedomked. The fundamental structure of organic nialter

is different to that of inorganic materials suchn@serals and rocks, as organic compounds are ciubje
generalities of both structure and chemistry. Thisates problems in evaluating the products of
metamorphism in these materials. The metamorphfstoal is of obvious economic importance in South
Africa, and new approaches are needed to quartidy dffects of contact metamorphism and low
temperature hydrothermal metasomatism in coal-bgaidcks. Coal as a material can be broken down
into macerals which can be directly compared toemils within rocks with the physiochemical natufe o
the coal and its macerals generally quantifiedgifiermogravimetric proximate analysis. This teqbgi
aims to give “chemical” data to define the propertof the coal through the quantification of “moist,
“ash”, “volatiles” and calorific value.

In an effort to better understand the physical ahdmical alterations imparted onto coal during the
intrusion of mafic dykes, a new approach was inioedl to analyse the physical properties of the icoal
close proximity to an intrusion. A Schmidt hammeas employed to directly quantifg situ physical
variation within the coal systematically away frahe intrusion. Conventional proximate analysis was
employed to estimate the “chemical” variations witthe coal. It was expected that the link betwien
chemical properties and physical character of t& would be apparent in the resultant analysikis T
was, however, not the case, as no direct link $ibkd between the proximate analysis and Schmidt
hammer results. The lack of correlation betweersaheesults poses the question of whether this
disconnect is as a result of inherent heterogerditgoal or a display of the shortcomings of the
proximate analysis approach.



INVESTIGATING MAGMA DYNAMICS AND CRUSTAL DELAMINATI  ON AT THE MOHO
USING GIANT HIGH-PRESSURE ORTHOPYROXENE CRYSTALS
Bybee, G. M'& Ashwal, L. D!

School of Geosciences, University of the Witwatansk, Johannesburg, South Africa;
grant.bybee@wits.ac.za

Keywords:crustal delamination, crust formation, Proterozmiorthosites,

High-aluminium orthopyroxene megacrysts (up to linrength) are common cogenetic features of
Proterozoic anorthosite massifs and are amongstielepest crystallisation products in this magmatic
system, at upper mantle or lower crustal depthsl@ kbar). The anorthositic intrusives which hostse
megacrysts are enigmatic features of the Proterpamith ongoing debate surrounding their source
(mantle vs. mafic lower crust), tectonic settingdaestricted temporality. Using the geochemistry o
megacrysts and their host anorthosites, we asbespdtrogenesis of the anorthosites and magmatic
processes operating at deep levels in these systems

Isotopic compositions from three populations of awgsts in classic Proterozoic anorthosite loeiti
(Mealy Mountains Intrusive Suite, Rogaland Anorite#rovince and Nain Plutonic Suite) indicate that
the highest-pressure (highest@4) megacrysts crystallised from isotopically homagesimagmas, 130-
110 m.y. before host anorthosite crystallisatioigfe 1). The most tenable means of creating such
equilibrium crystallisation scenarios is for theimg mafic magmas to pond and begin crystallisinipa
Moho. Most of these mafic cumulates sink into thantte, but some megacrysts are entrained by
plagioclase-rich crystal mushes that rise from Maho to upper crustal levels (3-4 kbar) to form the
anorthosite massifs. This new isotopic data prothdefirst, direct petrological and geochemicaldevice

for commonly proposed, yet inadequately documerand poorly understood, magmatic processes
occurring at the Moho, such as the ponding of magnitze formation of ultramafic cumulates and
density-driven delamination of these cumulates theomantle. Similar ultramafic cumulates are kel
form and sink into the mantle wherever basaltic masg impinge on the base of the crust, providing a
mechanism explaining the fundamental differencevben melts from the mantle and observed average
continental crust compositions.The duration of #masite crystallisation varies from 12-80 m.y., and
combination with these megacryst ages, indicatasttie entire magmatic system was in operation for
about 100 m.y. An Andean-arc setting for Proterozsiorthosite formation is therefore likely, givigh
capability of sustaining such prolonged, voluminaeographically-restricted magmatism.

These results provide constraints on the dynanfiosafic magma rise through the lithosphere andeefi
our current understanding of the fundamental mdshaninvolved in crustal delamination, as well fzes t
source and tectonic setting of enigmatic Protemaaobrthosites.
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AN INCONVENIENT TRUTH - THE TRAPPED LIQUID SHIFT EF FECT IN MAFIC
INTRUSIONS

Cawthorn, R.G.
School of Geosciences, University of the Witwatensl; Johannesburg; grant.cawthorn@wits.ac.za

Keywords:cumulate rocks, trapped liquid shift effect

Many petrological interpretations regarding layeredfic intrusions depend upon the use of mg# -
Mg/(Mg+Fe) — and also trace element concentratibo#f) for minerals and wholerocks. Both of these
parameters can be strongly influenced by the poesehtrapped liquid in the cumulate (Barnes, 1986)
Ignoring this “trapped liquid shift effect” (TLSEenders many interpretations incorrect. A number of
examples from the Bushveld Complex are used to detraie these complexities. Some simple
calculations are used to illustrate the problem.

1. mg# (mineral or whole rock) as a function ofgmdion of mafic minerals to plagioclase. Consider
pyroxene (mg# = 80) accumulating from a liquid wath mg# of 50. If the cumulate rock contained 80%
pyroxene and 20% interstitial liquid, it would sbfy to about 90% pyroxene(s) and 10% plagioclase.
The final whole-rock and pyroxene mg# would be abgi(n.b. mg# are not linearly additive because
absolute abundances of Mg and Fe are involved éh eatio). If the next layer of rock contained 70%
plagioclase and 10% pyroxene as cumulus phases2@fd interstitial liquid (all with the same
composition as before) the bulk rock would havaray# of about 60. The mg# of the pyroxene in these
two examples will be identical to the mg# valuetl# bulk rock. Thus, massive differences in mg# can
appear in adjacent layers that have nothing to ilo fractionation. This effect has been quantifted
Cawthorn (1996a) in rocks from the upper Criticahg. Further examples will be shown from the Main
Zone.

2. REE in orthopyroxene. REE contents in mineralgehbeen used to infer the composition of the sourc
magma. Such an interpretation assumes that therahiasalysed retained the cumulus composition.
Application of the TLSE shows how extremely wrongls calculations can be. An error of a factor of 10
in the REE abundance of the magma producing theehdély pyroxenite has been shown by Cawthorn
(1996b). A series of orthopyroxene mineral separfitem across the lower Critical to upper Critical
Zone boundary have been analysed for REE and showiye highly variable in a vertical section.
Ignoring the TLSE would result in having to appeatandom variations of a factor of 5 in REE cohten
in the source melt between samples only a few metpart. Inclusion of the variable proportion of
trapped liquid in these rocks, based on variationthe whole-rock Zr content, yields a simple siolot
with all pyroxenes having formed from a magma ofstant REE abundance.

3. REE in apatite. Very large variations in the Rigatent of apatite in the upper most rocks oflpeer
Zone have been reported and attributed to the fiimmaf large-scale liquid immiscibility (Vantongar
and Mathez, 2012). A re-examination of the datawshohat rocks with a small cumulus apatite
component and moderate interstitial liquid compaémoduce re-equilibrated apatite grains that danta
abundant REE. In contrast, rocks with a very higmglus apatite component produce re-equilibrated
apatite grains relatively depleted in REE. Theatd#hces in Eu* and the REE differences reported by
Vantongeren and Mathez (2012) can be related cdetpl® the TLSE. There is no evidence for large-
scale liquid immiscibility at the top of the Buslde
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THE DISTRIBUTION OF DOLERITE SILLS IN THE KAROO SUP ERGROUP
Cawthorn, R.G.
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The distribution of dolerite sills within the Kar@upergroup was reported by Winter and Venter (L970
They had access to 19 deep boreholes drilled thrahg entire Karoo Supergroup with a wide
geographic distribution. They chose to present ttesiults by showing the ratio of total doleriteckmess

to sediment thickness in each borehole, which edean impression of higher intensity of sills in an
elongate northeast-southwest belt from Warden til8ga East. The paucity of boreholes from Beaufort
West to the Vaal Dam makes their contouring higtggculative. | re-examined the borehole logs which
are stored with the Council for Geoscience withdhginal purpose of determining typical thicknessé
dolerite sills. From these data sets | was abldetermine the range of thicknesses of dolerits, ditle
number of sills and their total thickness in eaokehole. Of the 139 sills intersected, very fewesdat50

m in thickness (and these may be composite). Tifiismation leads me to present the data in a diffier
way from that presented by Winter and Venter (1970)

Total thicknesses of dolerite in each borehole eafigm only 9 metres (near Bloemfontein) to 900
metres near Barkley East. The major limitationng eterpretation is that the entire sedimentartyicm

of the Karoo Supergroup is not intersected in alieholes. Most boreholes are missing the Stormberg
Group and those in the northeast are also misdieg Beaufort Group. Hence, all the reported
thicknessesare minimum values for dolerite thickniésough the entire Karoo sedimentary succession
(except near Lesotho). However, the most impoffiegiiure can be seen around the main area of outcrop
of the Drakensberg lavas. The three boreholes steapethese volcanics do retain the maximum
succession of the Karoo rocks, and yet have relgtithin dolerite packages (95, 104 and 165 m)sThi
dearth of dolerites can be traced northwest-soathfieam Kimberley toward Durban and represents a
tract of minimum thickness of intrusions. Note tlhis direction is perpendicular to the maximum
intensity axis of Winter and Venter (1970).

The maximum thickness of dolerites occurs westofkBg East where they total 900 m. The next
thickest is near Beaufort West where 600 m is pwese However, unknown thicknesses of the upper
part of the Karoo Supergroup and its dolerites Hzeen eroded here. The original thickness of deleri
would have been greater, and so Beaufort Westsepte a region of major dolerite emplacement.

The next thickest succession of dolerite can badaoutheast of Johannesburg toward Warden with ove
400 m preserved. Only the Ecca and Dwyka are preéisere, and so much greater thicknesses of delerit
might have existed in the overlying (now-erodedjcassion. These observations raise the possithikity
the (shale-dominant) lower units of the Karoo comgagreater abundance of sills than the uppesunit

A rather cautionary caveat can be added to thesielsioT o the immediate southwest of Kokstad lies th
Mount Ayliff Intrusion, of which the Insizwa Complés the best-known component. It reaches at least
1000 m in thickness. Hence, this section alone fdnal the other intersections through the entised6
Supergroup.

Winter H. de la R. and Venter, J.J. 1970. Lithdggraphic correlation of recent deep boreholesh& Karoo-Cape sequence. Proceedings of the
Second Gondwana Symposium, South Africa. Councibfoentific and Industrial Research, Pretoria.-308.
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ASSEMBLY OF A FELSIC MAGMA CHAMBER: MARYSVILLE IGNE OUS COMPLEX,
AUSTRALIA
Clemens, J. D.
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The Late Devonian (374 Ma) Cerberean Cauldron fotlmsnorthern part of the Marysville Igneous
Complex, in Central Victoria, Australia, filled witaround 900 kihof intra-caldera ignimbrites. The
basal volcanic formation is the rhyolitic high-AuBicon Ignimbrite, overlain by a larger volume obma
crystal-rich, rhyolitic, low-Al Rubicon IgnimbriteThis grades upward into the voluminous, rhyodaciti
Lake Mountain Ignimbrite. The rocks are all S-tyje character, with phenocrysts of garnet and
cordierite/sekaninaite. Initi&lSrf°Sr fall in the range 0.709 to 0.710 witNd, varying from -4.7 to -6.0.
Greywacke protoliths seem most likely. The chemisif the volcanic rocks is incompatible with
formation by a differentiation mechanism. Experitadly determined phase relations of a low-Al
Rubicon Ignimbrite and a Lake Mountain Ignimbriteply that early crystallisation of the Lake Moumtai
magma began at > 450 MPa and > 875 °C (possibtg 940 °C), with an initial magma,B content of
4.1 to 5.3 wt%. In the pre-eruption chamber, théiBan Ignimbrite magma had a temperature: G180

°C and contained 4 wt% HO. Each formation, and indeed smaller volumes ok,rappear to have been
produced by partial melting of slightly contrastigigywackes in a protolith that had spatial vaoiagiin

its chemistry and mineralogy, with the magmas @eéd in batches to a high-level, subvolcanic chambe
The Rubicon Ignimbrite magmas were most probabityalty pure liquid partial melts but underwent
crystallisation and some internal differentiatipnobably by crystal settling, prior to eruption.eThake
Mountain Ignimbrite was most likely generated am@ma containing some entrained, source-derived
solids. Variations in this unit are most probablyedo small but variable degrees of peritectic phas
entrainment. The limited gradations between the-AdwRubicon Ignimbrite and Lake Mountain
Ignimbrite are due to minor, pre-eruption mixingrass the magma interface. Such limited mixing
between individual magma batches appears typicahafectic granitic magmas.
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PROGRESS AND OBSERVATIONS OF THE TJAKASTAD ICDP BARBERTON CORE
Coetzee G., A.H. Wilsort and N.Arndt
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The Barberton International Continental DrillingoBram (ICDP) has drilled and recovered cores from
four sites in the Barberton greenstone belt in Bddtica. The BARB 1 (417 m) and BARB 2 (431 m)
cores are drilled through a section of the Komatinfation. These cores are drilled at a 45° andlan5
apart, and have a 140 m stratigraphic overlap. BARB 1 and BARB 2 cores contain discernible
komatiite and komatiitic basalt flow units alongthviunique volcanic textures such as spinifex,
hyaloclastite and harrisite. A tumulus featurerissgnt within the top 100 m of the BARB 1 core.

The tumulus unit is 90 m thick and consists of arse-grained, basal olivine cumulate layer, a siteri
layer, a pyroxene spinifex layer and a hyaloclastpper layer. Using major and trace element aealys
together with petrological observations these kayae compared with komatiite flows (1-3 m thick)
found in other parts of the core. The olivine cuate from the tumulus layer are macrocrystic, glip
shaped (2 cm in length) and contain a higher Mg@tertt (45%) then the corresponding euhedral (0.5
mm) olivine cumulates of the komatiite flows whiclbntain 34% MgO. Harrisitic texture forms by
skeletal olivine megacrysts crystallizing upwardnfr cumulate layers. The harrisite layer in the twrsu
forms in the traditional fashion (above a cumulageer) and is 14 m thick. It is similar in chemjsaind
texture to a unique harrisite layer (1.5 m thididtthas formed in a single komatiite flow. The Isée in

the tumulus has higher MgO content and larger tietdivines than the komatiite flow. The spinifax
the tumulus is predominantly pyroxene, whilst sdfowes contain olivine spinifex. The spinifex in the
tumulus is commonly centimeters long, reaching aimam of 20 cm and is light green grey in colour.
The spinifex from the flows reaches a maximum afbin length; are green-grey to dark grey in colour
and are often randomly oriented. The tumulus spinifas 14-31% MgO whilst the spinifex in the flows
has 25-32% MgO. The hyaloclastite, a quench fragatiem texture, in the tumulus section is analogous
to the chill zones of the komatiite flows. It castsi of fractured blocky fragments (30 cm in lengih)
lava, surrounded by a matrix of spherical partidéglass (0.5 mm to 1 cm) which have chill margins
and inward cooling textures. It is important toedatine which of these features is comparable talkiile
margin of the flows and to establish if this glasegitrix material has been derived from a different
source. The hyaloclastite comprises 24% volumehef tumulus, while chill margins comprise 15%
volume. Comparing the chemistry and petrographtheftumulus to komatiite flows gives insight into
processes occurring during tumulus formation.

The komatiite flows have the classic cumulate, ifginand chill structure. The flows show a distinct
chemical progression from cumulate to
20 Figure 1: MgO vs Fer |~ | spinifex and have well developed trends
18 msontex | PEIWEEN MO and; FeO, A, CrOs, Zr, and

te TiO,. These trends indicate an intercept
between 40 - 43% MgO which indicates an
unusual control by both orthopyroxene and
olivine by which relatively evolved olivine
(Fogg) is in equilibrium with orthopyroxene of
Eng,. CIPW norm calculations, together with
geochemistry, indicate 1:2 olivine: pyroxene
ratio (Figure 1) in the controlling assemblage.

20 30 40 50 60
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THE TERRANES OF THE NAMAQUA-NATAL METAMORPHIC COMPL  EX

Wayne Colliston &Aylva Schoch
Department of Geology, University of the Free StBleemfontein, South Africa; corresp. author:
aesc@iafrica.com
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The Namaqua-Natal Metamorphic Complex consisteabhites representing a broad variety of
plutonic, volcanic and sedimentary rocks. The cositimmal and structural properties were established
before and during the time of Rodinia when it fodhpart of the Kalahari Craton. Reconstruction ef th
geological history of the complex requires a migtighlinary continental scale synthesis of all ggital,
geophysical and isotopic attributes of rocks thateaseverely deformed by two global orogenies
(Grenvillian and Eburnian). The complex is todagéy covered by Phanerozoic rocks. There are
essentially two outcrop regions: Namaqualand, Bastiamd and part of Griqualand in the west and
Natal in the east. The complex geology is best tgtded by recognition of tectonostratigraphic tees
bounded by major thrust and shear zones, eachtwitlivn igneous, sedimentary and metamorphic
attributes. In the western region there is the KA@rrane (composed of the Olifantshoek-, Grookdrin
and Upington Terranes) and the Namaqua region @itiKenhardt-, Augrabies-, Griinau-, Pofadder-,
Aggeneys-, Steinkopf-, Okiep- and Garies Terranaghe eastern region there are the Tugela-, M#umb
and Margate Terranes. It is necessary to also nemwgther terranes revealed by geophysical surveys
the southern region covered by Phanerozoic roakapty the east-west trending Cape-Karoo Terrane
that is bounded by prominent anomalies, the Capdudive belts.
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B1 MAGMA IS A DERIVATIVE, NOT THE PARENTAL MAGMATO THE LOWER AND
LOWER CRITICAL ZONES OF THE BUSHVELD COMPLEX
Costin, G'&(t)Eales, H. V-
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Keywords:Bushveld, B1 parent magma, modelling, adiabat_1ph

We demonstrate that despite the B1 magma having Wwedely accepted as the parental magma to the
Lower Zone (LZ) and Lower Critical Zone (LCZ) ofd@lBushveld Complex this is unlikely, despite the
work of Davies et al. (1980), Cawthorn et al. (198fd Cawthorn & Davies (1983) in this regard. We
demonstrate that the B1 magma is not a primary magut a broad grouping of magma batches derived
from contamination of a far more ultramafic magnalepth. Even if the B1 magma can satisfactorily
reproduce the crystallization order observed inltde it cannot account for the abundance of olivine
Moreover, if the hypothesis of Irvine (1977), iaystallizing chromite at the olivine-spinel liquisl is
accepted, the necessity of an olivine-rich pringitimelt is not compatible with the B1 magma. Chills
interpreted as B1 melt compositions are, in dewitremely variable in composition, from olivine
normative to quartz normative, and include both aing wet melts.Melts which contain ~ 54-56% SiO
cannot be responsible for the olivine budget of ltHeThe relative paucity of olivine cumulates ireth
anomalously chromite-rich LCZ is similarly untenalith this hypothesis.

Our approach is based on a mixing algorithm andrtbdynamic modelling using adiabat_1ph (Smith &
Asimow, 2005) based on a mantle-derived komatiitédt that accumulated in a deep staging chamber (7-
10 kbar). The ultramafic composition of this wagiatly tempered by melting of the crustal cappmgt
the staging chamber. This mixture of komatiitic m{@icluding olivine + chromite crystals) and craist
material produced a mafic melt loosely equivalerthe B1. This melt was injected, probably as rpléti
pulses into the shallow crustal Bushveld chanyréor to formation of the bulk of the LZ and LCZ.
Olivine and chromite in rocks fractionated fromgsbanagmas were introduced as xenocrysts. The range
in composition of the B1 group of magmas can beisaiged whereby increasing amounts of crustal
component was assimilated into the staging charabeepth. The bulk of the LZ and LCZ, however,
accumulated after the deep staging chamber hadnéggdadue to injection of numerous fluxes of
komatiitic melt (that also mixed with the residdiquid + crystals at depth). The ensuing mixed magm
was then injected into the Bushveld intrusion, d¢gly containing slurries of olivine and/or
orthopyroxene and/or chromite crystals. Magmas inctrystal slurries are thought to have been @elriv
from near the base of the staging chamber. The leongequence of cumulates observed within the LZ
and LCZ is consistent with their formation from miple batches of magmas with quite variable
compositions, from relatively primitive crystal-nianagmas through mafic melts with a high degree of
crustal contamination. The possibility of identifgi precise parental magmas, e.g., B1 through B3 etc
should be avoided. The findings of Eales & CosH#A1@) whereby they quantified the importance of
identifying the crystal-rich nature of many of thletype magmas is fundamental in establishing that a
range of magma compositions should be identifigtiwithe LZ and LCZ.
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“MELT POCKETS” INCLUSIONS IN GARNET OF TYPE-I ECLOG ITES, ROBERTS
VICTOR: METASOMATIC MELT RESPONSIBLE FOR GROSPIDITE FORMATION
Costin Geld and_Keabetswe Hladle
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Some type-leclogites from Roberts Victor (RV) diamdomine, show globular inclusions in garnet,
usually called “melt pockets” (e.g. Gréau et ab1P). The size of the inclusions ranges from 0.2 tom
and they consist of phlogopite, diposide, caldjlass and minor pyrrhotite. The EPMA averaged glass
composition is Si©51.85, AbO; 24.16, KO 3.43, CaO 4.65 N&® 0.79, (HO-CQO,) ~15%. Euhedral
phlogopite grains nucleated at the boundary of“thelt pocket” and a clear reaction zone developed
between the “melt pocket” and garnet, consistingldbrite, spinel-hercynite and plagioclase. Céric
overgrowths on eclogitic omphaciteand garnet weoad. Thin veins of brown glass containing graihs o
K-feldspar, phlogopite and plagioclase¢doross-cut eclogitic garnet and omphacite. In famgles
affected by the same type of veins, kyanite, ceesid sanidine were found spatially related tdotiogvn
glass. The bulk composition of the “melt pocketsyarnet was reconstructed based on EPMA dataof th
analysed phases, combined with estimated phasenimps using image analysis of the BSE images.
We assume that the colourless to yellowish glap8cally isotropic, found inside the “melt pockets”
represents a residual melt, evolved by crystalmabf diopside, phlogopite and calcite. Using Rock
Maker 2.0 (Buttner, 2012), the bulk compositiortref “melt pocket” was reconstructed: Si€l.51 TiQ
0.94 ALO; 18.49 Cj505; 0.02 FeO 6.26 MnO 0.06 MgO 5.74 CaO 9.168.83 KO 5.67 HO 6.20
CO, 3.66 SQO0.71.

We consider that the melt pockets may represeritt ref the melt responsible of theextensive
metasomatism of RV eclogites. We suggest thateptihd of 190-200 km, this meltwas carbonatite-aich
low melt fraction (<0.5%), while, by increasing mfhction (>1%), the partial melt tends to kimlitézl
composition(Dalton & Presnall, 1998). Our reconstied melt was probably generated at melt fraction
0.5-1%, and it produced the metasomatism of tyslibgites to form type-I eclogites (in agreemeithw
the model of Gréau et al., 2011 and Huang et @2 The higher CaO and.® content of the melt was
largely consumed in generating the Ca-rich overgiiewf clinopyroxene and garnet (or, at higher rtxte
generating the grospidites), as well as to fornogbpite, respectively. High S}QAI,O; and KO of the
evolved melt (see glass composition) can be rediglen®r the formation of kyanite eclogites as wal

the kyanite-coesite-sanidine assemblage in grdsgidas metasomatic/reaction product. When the melt
fraction was high enough to carry up into the Kploeric mantle small eclogitic bodies, the melpped

in garnet crystallized phlogopite, diopside andciba) while the residual, evolved melt, rich in §iO
Al,O;, CaO, KO and HO was decompressed and quenched, liberati &hd reacting with garnet to
form chlorite, spinel and plagioclase in the reattcorona. The presence of glass in the melt ppcket
together with the radiogenic data of Huang et2l12, clearly suggest that the timing of metasomass
similar with RV kimberlite eruption (128-130 Ma,eskluang et al., 2012). RV kimberlitic melts sampled
type-1 together with pristine type-Il eclogites amétasomatized harzburgites from various depthseabo
the asthenosphere-lithosphere boundary. Locallg,Zeolites (analcime) probably formed in sub-uefa
conditions, from glass devitrification of the “melbckets”.

Selected reference list

Buttner SH (2012) Rock Maker: an MS ExcelTM spréaes for the calculation of rock compositions frpnoportional whole rock analyses,
mineral compositions, and modal abundance. Mingyadmd Petrology, Vol 104, Issue 1-2. DOI 10.1000740-011-0181-7

Dalton, J.A. and Presnall, D.C. 1998 — The continwf primary carbonatitic — kimberlitic melt congition in equilibrium with Ihezolite: data
from the system CaO-MgO-AD;-SiO,-CO, at 6 GPa. J. of Petrology, 39, (11 & 12): 19534.96

Gréau, Y., Huang, J.X., Griffin, W.L., Renac, Clal, O. and O'Reilly S. 2011 — Type | eclogitesrir Roberts Victor kimberlites: Products of
extensive mantle metasomatism. Geochim. Cosmocteita, X5, 6927-6954.

Huang, J.X., Gréau, Y., Griffin, W.L., O'Reilly Sand Pearson, N. 2012: Multi-stage origin of Robéristor eclogies: Progressive
metasomatism and its isotopic evidence. Submitiedthos

15



MINERALOGY AND REACTION TEXTURES OF A CHROMITITE ST RINGER, UPPER
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The chromitite stringer examined here is from agartocated at a depth of 422.2 m in drill-hole WH1
The core log of this drill-hole was presented bytafell & Scoon (2007) and is representative of the
sequence between the UG2 chromitite layer and tBeeiky reef at the Winnaarshoek locality in the
eastern limb of the Bushveld Complex. The chromisitringer is located approximately 5 m vertically
above the UG3A chromitite layer, occurring on tbatact between a layer of feldspathic orthopyroteeni
(hangingwall to the UG3A) and a prominent layemabrthosite. This anorthosite is a regional marker
persistent throughout the central sector of théeemdimb, occurring at the base of a thick (> 36D
sequence of leucocratic cumulates generally desigras the Merensky Footwall unit. The feldspathic
pyroxenite, as well as the anorthosite containsomiamounts of disseminated chromite. Rare
disseminated chromite is very sparsely developeslithout the Merensky Footwall unit. Despite being
sub-parallel to the much thicker UG2, UG3, and UG@#komitite layers, this type of occurrence is
described as a stringer as it is only one-or-twaingr in thickness. Individual grains average
approximately 0.2 mm in thickness. Clusters ofrggaire partially annealed and exhibit triple juorsi, a
characteristic of the thicker layers (Eales & Rdgiep1986). Individual grains within the stringee
remarkably euhedral. The composition of the chroriit¢he stringer has been determined by electron
microprobe analysis in the laboratory at Rhodessehsity. The Cr/Fe and other inter-element raties a
typical of chromite in the uppermost part of theggpCritical Zone. Possibly the most significamidfing

is the occurrence of discrete grains (few micrgmsou0.1 mm in size) of rutileand phlogopite thrbagt

the chromitite stinger,as well as more localizedirgg of corundum and anorthite. Obvious reaction
textures are pointed out by element maping showitigopyroxene reacting with plagioclase to form
clinopyroxene (diopside), in the vicinity of theromitite stringer. The chromite grains are includedor
surrounded by) plagioclase. Scoon & Teigler (198i4)inguished the stringers from thicker, basaktay
by the description of “reaction” chromitite. Whasg the thicker, basal chromitites typically ocatjror
toward the base of units, reaction chromitites roagur on the uppermost or lowermost contacts of
ultramafic layers. The possibility that chromiterrhs as a consequence of mixing of two radically
different pulses of magma, the U and A magmas air@h & Irvine (1982) in the Bushveld, was
proposed by Irvine (1977). We suggest that thecjpias of this hypothesis may well be fundamentally
correct, but suggest the most likely derivativenfA melt would be induced in situ due to partialting

of earlier-formed noritic-anorthositic cumulatespfOr Plg—> Cpx + Lig). Melting was triggered by heat
associated with intrusion of ultramafic magma. sThipothesis is consistent with Mitchell & Scoon
(2007), whereby the noritic-anorthositic (earlyrfard) and ultramafic (later-formed) components of so
called units (they are not magmatic cycles) crliged from discrete magma pulses injected non-
sequentially. “Reaction” chromitite stringers mdmyugs form at both footwall and hangingwall contacts
within complexly layered successions of cumulakésld relationships and textures are, however, also
consistent with an origin whereby the chromite veasearly crystallite of new pulses of ultramafic
magma which was deposited along the margins ofullamafic “sills” against the earlier-formed
leucocratic cumulates. The association of the rofiteowith rutile and corundum is possibly indicativ

that Cr-spinel was transported as xenocrysts fral@egp source within the magma.
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THE METAMORPHIC EVOLUTION OF AN ANCIENT ACCRETIONAR Y WEDGE,
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The Southern Zone of the Damara Belt in central il@Emcomprises highly strained metamorphosed
clastic sedimentary rocks and slices of basaltgaiibro, with apparent stratigraphic thickness edioee
100 km. One of the only modern geological environtaeén which such vast amounts of sediments can
be accumulated, with intercalated mafic rocks,imccretionary wedges above subduction zones,envher
sediments are also subjected to high-pressure tdmperature metamorphic conditions and deformation
to high strains.

Samples collected from two localities in the Soumth2one, namely the Gaub and Kuiseb Canyons,
include representative rocks of both metapelitidd anetamafic compositions. The peak mineral
assemblage in the metapelitic rocks comprises ratelgrzoned garnet, staurolite and in some cases,
kyanite porphyroblasts set in a fine grained matfixchlorite, biotite, muscovite, epidote, quarteda
minor opaques, predominantly ilmenite. The matxkikits a strong penetrative foliation defined b t
alignment of the micaeous minerals. The garneyrglite and kyanite porphyroblasts overprint this
fabric. By contrast, the metamafic rocks are higlidlly very fine grained with a peak mineral asstgb

of zoned amphibole, epidote, rutile, sphene, quartzminor micas, specifically chlorite and biatite

The results of pseudosection modelling using THERMQC indicate that the peak metamorphism
occurred at temperatures of 550 - 605°C and pressir9.2 — 10.8 kbar. This equates to an apparent
geothermal gradient of 15-20°C/km, which is slightlarmer, but comparable to the geothermal gradient
observed in known accretionary wedges. Howevés,avident that the micaceous minerals

that define the foliation in the metapelites magodiave formed at ~ 10 kbar, but at temperaturtessf

than 500°C. These conditions correspond to a lapparent geothermal gradient of <15°C/km.

Based on the fabric relations of prograde and peatamorphic assemblages, the likely P-T path for
these rocks involves a near-isobaric increasenpégature of at least 50-100°C while the rocks vatre
peak pressure. This temperature increase occurradsiatic environment and post-dates the mainephas
of deformation exhibited in the samples. A possiekplanation for this is the subduction of a heat
source, for example a spreading ridge, after aodesf long-lived convergence. We speculate that the
subduction of this spreading ridge led to the dessaf the accretionary phase of the Damara Orpgen
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MODELLING CRUSTAL DIFFERENTIATION
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Despite the clear understanding that strongly perailous (S-type) granites are produced through the
partial melting of aluminous metasedimentary sagireesubstantial mismatch exists between the melt
compositions predicted to exist within such sourgeder granulite facies conditions by current best-
practice modelling and the compositions of S-typgnges. This highlights shortcomings in the way we
are able to model crustal differentiation, withises consequences for studies that aim to use magma
reintegration into restitic granulites to providgarmation on the composition of the protolith aitel
anatectic behaviour, as well as for studies thek $& use a modelling approach to understand thgnmaa
compositions and volumes produced from metasedamgisburces during crustal differentiation events.
The melt compositions produced by THERMOCALC (oy ather software programme using the same
thermodynamic dataset) at best only match the rmstocratic granites and not average granite
compositions nor the large compositional range seegranites. Additionally, THERMOCALC melts
generally have Na/Ca ratios that are consideralipen than S-type granites. Variable degrees of
peritectic assemblage entrainment to the magméensburce has been proposed as a mechanism to
explain the range of compositions portrayed by [@&tgranites, as well as the fact that such graaites
typically more mafic than the strongly leucocratielt compositions produced by experimental studfes
granulite facies anatexis of appropriate sourcésvé®s et al. 2007). These findings suggest thestair
differentiation likely involves the mobilization afrystal-bearing magmas out of the source, not pure
melts, and that the crystals entrained to the magmeathe assemblage of phases produced by the
incongruent melting reaction. This can potentiddéy modelled by modification of the method for melt
reintegration to restitic granulites proposed byit&/let al. (2004), if peritectic assemblage entraint

can be incorporated into the model in a reasonahle

In order to evaluate the possible approaches, ghuidy has modelled magma reintegration into two
different melt depleted metapelitic granulites mee different ways: Firstly, by using the methdd o
White et al (2004); Secondly, by substituting arrage S-type granite composition for melt; Thirdily,
incorporating a proportion of the peritectic asskmé into the melt predicted by THERMOCALC. The
peritectic assemblage was considered to consiatl ahinerals that grew in mode, as well as feldspar
where the feldspar mode decreased but the compositianged. This recognises the fact that diffusion
feldspar is remarkably slow and that on incongrueatting a second generation of feldspar crystls i
likely to form. Entrainment was proportional withcrease in mode and, for feldspar, decrease in mode
and degree of compositional change.

All three methods produced similar changes in #semblageof phases going down temperature i.e. with
the addition of melt/magma to the restitic gramulidowever, there were significant differencesha t
resultant bulk compositions at the wet soliduswadl as in the modelled magma compositions and
volumes. Reintegrating either typical S-type gmmit melt with entrained peritectic phases moved th
compositions of the restitic granulites toward thage of average sedimentary protolith compositions
which the conventional melt reintegration method dot achieve. Additionally, magmas consisting of
THERMOCALC melts with added peritectic phases warasiderably closer in composition to typical S-
type granites than were the melts on their owngctviiad Fe+Mg contents that were too low and Na/Ca
ratios that were too high.
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There are several different habits of pyrite asged with gold mineralisation at Sheba Mine in the
Barberton Greenstone Belt (BGB). Some pyrite graimsw elemental zonation which is distinctive to
each type of pyrite habit. Different element asstions are typically considered to be indicative of
genetic origin, so that the elemental mapping oftiply zoned grains can potentially illustrate the
sequence of mineralising events and identify thaseociated with gold deposition. Traditionally
performed by EPMA, LA-ICP-MS mapping affords thepoptunity to map elemental abundances at trace
levels, revealing subtle associations and trenalisféw other instrumental techniques can equalurakt
and trace element data may not be able to uniquely
identify stages in genetic evolution of the deposit

the BGB, but they do provide clear evidence for the
different events and their impact on Au distribatio

75As

400

Gold-bearing pyrite is generally assumed to be
arsenic-bearing, in order for the gold to be
accommodated in the pyrite lattice. This, howeigr,
simplistic, as Au is found in As-free as well agthi

As pyrite. In addition, much Au in pyrite has been
termed “invisible gold”, either lattice-bound or as
sub-microscopic inclusions, with resolution of its
exact nature uncertain at best. With time-resolved
LA-ICP-MS analyses the identity of these inclusions
can be resolved at far greater resolution.
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_Figure 1. As distribution in a pyrite frpm Sheba.Concentraion Whereas EPMA elemental mapping has great
in the low ppm range. Concentration shown as countper .. . . .
second. precision, with a resolution down to 1 um, it canyo
map at best major, minor and a few trace elemants,
levels down to a ~hundred ppm. LA-ICP-MS can doghme, with some washout, but the strengths of
LA-ICP-MS lie in its ability to detect low levelsf @lements, to low ppm and ppb levels, depending on
the scan speed and spot size. An EPMA with 5 WDéaters can map a 1 mm x 1 mm area in 8 hours —
in 4 hours the same area can be mapped for 3%esotny LA-ICP-MS but at a lower spatial resolution.
The greatest strength of LA-ICP-MS over EPMA is #imlity to reveal features which would never be
60Ni picked up by EPMA, such as subtle
zonation and element distribution, which
can provide important information for the
genesis of the mineral grains and the
deposit.
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Though it has long been theorised that the golasiepof the Witwatersrand Basin are at least alirti
hydrothermal in origin, there has been little trabement analysis associated with gold from arcined
basin to evaluate this hypothesis. There are cillyramumber of competing hypotheses for the oragin

the gold in the conglomeratic reefs in the Witwatand Basin, from hydrothermal to alluvial and
variations between the two extremes. Most studase Hooked at specific areas and extrapolated the
results to the whole basin.

A basin-wide study looking at the gold mined frame Wifferent gold fields in the Witwatersrand Basin
has been conducted, and shows that each goldfelthe discriminated on the basis of the trace eltgsne
associated of the gold.

The results of this vertical and lateral study shbat while some of the gold in the conglomeragiefs in
the Witwatersrand Basin is alluvial in nature, tisisestricted more to the reefs in the upper portf the
West Rand Group, while the gold in the lower régfalmost all hydrothermal in origin. Looking atldo
recovered from different reefs from a single slimfthe West Wits goldfield, it could be seen thare
were two distinct types of gold — one which caratigbuted to a hydrothermal origin and the otlzean
alluvial origin. The gold in the Carbon Leader Reehydrothermal in origin, whereas the Ventersdorp
Contact Reef has gold of both hydrothermal andvelwrigin. The trace element characteristicshaf t
hydrothermal gold show that the gold was not refissd from nearby, as postulated by some authors,
but rather was derived from sediments within theirbalhe extent of the mineralisation, as well faes t
guantity of gold deposited, published dates foraratising events and recent oxygen isotope worbwsh
that gold was deposited over time with the traemeint characteristics of the gold in each goldfield
consistent within a particular goldfield, but diffeg between them as an indication of the sourcthef
sediments from which the gold was derived.
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The geology of the Sgr Rondane Mountains, eastenonring Maud Land, is characterised by
Mesoproterozoic tonalites and Pan-African gneigSbdraishi et al., 1997). The tonalites (and asdedi
mafic and felsic instrusives) appear little affectey pervasive deformation and metamorphism in the
field, but thin sections show variable replacenmwntlagioclase by epidote, and biotite by chlorgarnet

is present in more iron-rich samples, and calgitt rauscovite are occasionally found as minor phdses
all but the most felsic samples, hornblende is dbeninant ferromagnesian mineral. Evidence for
localised shearing is already obvious in the field.

All analysed samples fall within the field of calgjranitoids in terms of the modified alkali-limediex
(Na,O+K,0-CaO) of Frost et al. (2001), and, apart from gre=nstone enclave, have Ti€dntents < 0.8
wt.%. These characteristics strongly suggest augilmh zone as their tectonic setting.

Zircon studies on two samples yielded U-Pb age39@f+ 4 and 1010 + 12 Ma, with initial epsilon Hf
values between +5 and +10 for both samples. Thisnjle Hf isotopic signature agrees with an oceanic
arc setting.

The ubiquitous evidence for metamorphic overpriptimd deformation raises the question to what éxten
the whole rock geochemical signature is still reprdative of the igneous precursor: K, Rb, Cs aad B
are present in surprisingly low concentrations @gme samples (e.g. < 0.2 wt.%®& at 74% SiQ).
However, the behaviour of elements that are ledsilenduring metamorphism and alteration, such as th
Rare Earth Elements (REE) and High Field-StrenddmEnts (HFSE) indicates that different suites of
rocks are present, with varying enrichment of theompatible elements. REE patterns are also varied,
with a range of La/Lu ratios, Ce- and Eu-anomalies.

The question to what extent alteration and crystatumulation played in role in the observed
geochemical characteristics was assessed by lalsgioa ICP-MS analysis of zircons. Zircon/whole&ko
distribution coefficients were calculated to seeethler the whole rock analyses could represent melts
This showed that the positive Eu-anomaly obsermesbme whole rock samples must result from crystal
accumulation, and that these cumulate characteristight also explain the low alkali concentrations
The observed negative Ce-anomaly of some wholesrocdkild not unequivocally be shown to be an
alteration feature. However, the erratic occurreatehis negative Ce-anomaly is more suggestive of
alteration processes than of a source characteristi

Frost, B.R., Barnes, C.G., Collins, W.J., ArculBs]., Ellis, D.J. , Frost, C.D., 2001. A geocherhdtassification for granitic rocks. Journal of
Petrology 42, 2033-2048.

Shiraishi, K., Osanai, Y., Ishizuka, H. , Asami,,M997. Geological Map of Sgr Rondane MountaindioNal Institute of Polar Research,
Tokyo.
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The differentiation of tholeiitic magmas in naturas been studied, but the evolution of magmatiadiq
responsible for crystallising differentiated Fehriocks, (the liquid line of descent -LLD) remaanpoint

of controversy. Why is it that ten or so differéhiDs have been proposed for the same magmatictody
Does crystallisation, as Bowen (1928) suggesttvioa silica-rich fractionation trend toward thedl
stages of crystallisation, or does it follow theetfrer” trend toward a Fe-rich end? Fenner (1928)ipts

that the residual liquid will always become enriglie Fe, but that there are other factors actingtiuce

the amount of Fe. These external factors includelites of oxygen fugacity and the timing of Fe-Ti
oxide precipitation. An increased Fe content istiary to the idea that any differentiating magmith w
tend toward a granitic composition, and is a badlanact between external processes and regular
differentiation. This study looks at common methofigleriving an LLD, and questions the assumptions
behind these models, in order to assess their @xyeum predicting the true LLD. The study showsttha
the modelling of LLDs is very dependent on the as=di values for external processes and factors, and
can at times produce more than ten different LL@glie same intrusion. This implies that much great
care needs to be taken with these LLD models, deroto reach a geological reasonable conclusiomn. A
assumed values for external processes have sualga bearing in the modelling of the final LLD,
Fenner-type differentiation is a valid option, ar@h be combined with new research to formulatetizibe
method for determining the LLD of tholeiitic magmas
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Perovskite is a very useful mineral for dating éige of emplacement of kimberlites and associatekkro
Conventionally, U-Pb dating of perovskite is aclei@éwsing isotope dilution (ID-TIMS) or ion-probe
(SHRIMP) techniques, which are time- and cost-isiem The potential of the rapid and inexpensive
laser ablation ICP-MS technique for U-Pb datingpefovskite has been demonstrated recently. The main
obstacle for obtaining accurate and precise U-Rbdages from perovskite by laser ablation techrique
based on quadrupole ICP-MS instruments is the largeunt of common lead that is incorporated into
perovskite and the associated difficulty to perfaanturate common lead corrections due to the high
mercury blanks of the gases (i.e. Ar and He) usddAHICP-MS.

We therefore investigated the benefits (very highsgtivity, very low dark noise and a large linear
dynamic range) of single collector magnetic seattfICP-MS (SF-ICP-MS) instruments for U-Pb
dating of perovskite by laser ablation. To this gedovskites from two kimberlites from Garnet Lakeé,
Greenland, and Pyramidefjeld, SW Greenland, haven bgeparated. Multigrain aliquots of both
perovskite separates were U-Pb dated by ID-TIM8|dinig emplacement ages of 568 +11 Ma for the
Garnet Lake kimberlite and 151 +2 Ma for the Pymdafijeld kimberlite. After embedding in epoxy,
grinding and polishing, multiple perovskite grainem both samples have been dated in-situ with high
spatial resolution (spot analyses using a 30 pmmbeggameter) by laser ablation employing a
ThermoFinnigan Element2 SF-ICP-MS coupled to a New&/UP 213 laser system. A common lead
correction was applied based on the measdf&b intensity (after correction for the measured
24Pb+Hg) gas blank). Perovskite from the Ice Rivesnlex, British Columbia, was used as a
secondary standard for quality control purposes.ltiMa in-situ measurements of the Ice River
perovskite in two different analytical sessionsldéel concordia ages of 359 +3 Ma and 357 +3 Ma, in
excellent agreement with the age of 356 Ma detexchioy ID-TIMS (Heamanpers. commn). Nineteen
in-situ analyses of perovskite grains extractedhfthe Garnet Lake kimberlite yielded a concordia afj
566 +5 Ma, also in excellent agreement with the @lgrained by ID-TIMS. Because of the very low Pb
contents in perovskites from the Pyramidefjeld adb 1 ppm) and the associated large uncertainfies o
the common lead correction, no concordia age cbaldbtained. However, the in-situ laser ablation
analysis yielded a common lead corrected weightedage’Pb/*®U age of 152 +3 Ma which is again
in excellent agreement with the weighted ave/d®b/**U age of 152 +2 Ma obtained by ID-TIMS. We
therefore conclude that laser ablation SF-ICP-M& ifast and inexpensive method for precise and
accurate common lead corrected U-Pb dating of péit®; and hence diamond exploration.
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The Palaeoproterozoic (2642-2584 Ma) Black Reefrfabion is a widespread thin small pebble unit at
the base of the Transvaal Supergroup. In the EasdRRandfontein and Klerksdorp areas the unit
contains considerable gold, less U, as well as massociated PGE mineralization. Henry and Master
(2008) identified shortcomings in our understandofgthe genesis of Au mineralization, and the
occurrence of Au, U and PGEs hosted by the Bladf R&R). The source of gold in these reefs has long
been a matter of speculation which should howeeanralerstood because the genesis and provenance of
Au, U and PGE mineralization in the Black Reef dagloration significance.

Extensive sedimentological evidence, suggestsi@lgtdetrital origin. The gold associated with misi
pyrite, has been described as “in situ” hydrothérdegosition with the underlying Kimberley Reefs as
proposed source. However, mineralogical and geoistignstudies performed by Barton and Hallbauer
(1996) on the pyrite grains of the Black Reef arggainst this. Debated possible sources of BR gold
could be a) reworked conglomeratic upper Witwatardrreefs, b) epithermal gold of granite-greenstone
terrain hinterland, or c) pyrite-associated golduatierlying Archaean VMS deposits. To produce new
data helping to understand the gold provenancetignegieochemical fingerprinting of gold and pyrite
using electron microprobe (FE-EMPA), synchrotroncnoiXRF (SR-u-XRF), and laser ablation
inductively coupled plasma mass spectrometry (LR-I@S) has been carried out.

A detailed investigation of the mineralogy of théneralization in selected profiles of the arenitic
conglomeratic BR reveals chromite, sphalerite, aty@lrite, galena, uraninite, cassiterite, tournmglin
carbon, Pt-Ni-As minerals and Ni-Co-sulpharsenisiesh ascobaltite and gersdorffite next to abundant
pyrite, as well as free gold.An overprint by latage hydrothermal fluids altered BR rocks to a mino
extent and remobilized Au grains into their prestmin, as evidenced by few associated alteration
minerals such as chlorite, pyrophyllite and segicit

EMP analyses show a fineness of BR gold betweena®25882, as well as elevated Hg contents, and
minor concentrations of Fe, S, Co and Ni, as weltlatectable copper values (max.450 ppm). BR gold
has a lower fineness, and a lower Hg and Cu coctampared to the B-Reef gold, whereas its Fe, S, Ti
and Ni concentrations are higher. Qualitative syoitbn micro-XRF spectra of BR gold confirm the
EMP results revealing the presence of Cr, Ni andafdigher concentrations than in B-Reef gold,
whereas B-Reef gold contains higher amounts of lQUICP-MS measurements have lower detection
limits but a larger variability as EMP data, prolyaltaused by the ablation of larger volumes,
complicating their interpretation. The overall dimi heavy mineral content in the BR and several
Witwatersrand reefs argues in favour of a reworkéitwatersrand gold origin of the BR gold. The
frequency of concretionary pyrite with an unradioigePb isotope composition (Barton & Hallbauer,
1996) in the BR argues however against a reworkihgVits material. In the same way, the less
abundantly occurring Ni-Co-Fe-sulpharsenide in th&twatersrand reefs, however its frequent
appearance in BR reasons against a re-working.epitbermal gold of ShebaMine has the lowest Ag,
Hg, and Th, S, Fe concentration of the Au provindemwvever a high Cu content and, based on
multivariate statistics, appears to be more simidawits than to BR Gold. As benefit for exploratithe
data could imply that underlying Witwatersrand tstrand/or greenstone terrains are not a necessary
requirement for the BR to potentially host an obd o judge this more data is needed.

Barton ES, Hallbauer DK (1996hem. Geol113: 173-199; Henry G, Master S (2008) Black R&refect, internal repor€ouncil Scientific
Industrial Research31 March 2008, 61p.
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Herein we present geochronological and palaeomigrestults from the Hlagothi Complex, as well as a
NW-trending dolerite dyke swarm on the southeastegion of the Kaapvaal Craton in northern
KwaZulu-Natal, South Africa. The Hlagothi Complexnsists of layered sills of meta-peridotite,
pyroxenite and gabbro intruding into quartzitestlof Nsuze Group in the Nkandla sub-basin of the
Pongola Supergroup. U-Pb baddeleyite ages on thgotili Complex and a NW-trending dyke of
286612 Ma and 2874+2 Ma respectively, reveaha?.87 Ga magmatic event on this south-easternmost
window of the Kaapvaal Craton. Additional units thre Kaapvaal Craton can be linked with this new
magmatic event based on spatial and temporal at&ocil) the Thole Complex, 2) possibly partshef t
Usushwana Complex, and 3) flood basalts withinMlezaan Group and Central Rand Group, such as the
Crown, Bird, Tobolsk and Gabela lavas. The assiocidietween all these units suggests would suggest
previously unrecognised Large Igneous Province en Swaziland and Witwatersrand blocks of the
Kaapvaal Craton. In addition, palaeomagnetic dédgatifies a possible primary magnetisation withia t
least altered lithologies of the Hlagothi Complexitli a virtual geographic pole at 23.4°N, 53.4°E,
dp=8.2° and dm=11.8°). The bulk of samples howedisplayed two episodes of remagnetisation. These
are likely to be associated with the approxima8b to 2.75 Ga aged granitoids across the soudraas
Kaapvaal Craton, as well as tectonic activity ie tiearby Meso- to Neoproterozoic Namaqua—Natal
mobile belt. A short-lived<{8 Ma) mantle plume is proposed to have causedah’%s87 Ga magmatism,
which may also have controlled sedimentation withimlarger Mozaan—-Witwatersrand basin. Volcanism
after uplift and erosion of the underlying stratauld have been fed through a series of feeder ¢yiés
and layered complexes, of which the Hlagothi Compled NW-trending dykes are part of.
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Kimberlites are known to be volatile-rich, but thiégin of the volatiles remains controversial. iler to
carry mantle xenoliths from depths as great ask?s0the magmas have to have had both low viscosity
and be significantly less dense than the surrognaiantle. This implies that a significant componeint
the water or CQin kimberlite has to be of mantle origin. Howevirhas also been suggested (e.g.
Kurszlaukis & Lorenz, 2008) that the eruptive stgfekimberlite magmas resulted from the interaction
between the ascending kimberlite magma and deswgrgtioundwater. In practise, it is difficult to
determine if alteration is the inevitable conseqacmf formation from volatile-rich magma, or a
superimposed alteration effect caused by influxgafund water into the ascending magma. A third
potential source of volatiles is from low-T altéost; olivine-rich ultramafic rocks are highly sugtible

to chemical weathering and the carbonate and hgdronerals could be of low-temperature origin.

To try and resolve these issues, samples fromwhetiggens and Star Group Il kimberlite dyke swarm
have been analysed for their C-, O- and H isotapepositions. We analysed the calcite present for C-
and O-isotopes, and the bulk silicate material@erand H-isotopes. Calcit®C and3'®0 values are
midway between typical mantle values and thosecdllsurficial carbonates. This is consistent \liid
calcite being a mixture of magmatic/deuteric ang-temperature origin. Bulk-rock silical#®0 values
range from 6 to 14 %o and are consistent with d@utdteration rather than exchange with meteodafl

at high temperatures. Star samples have lower dilidlate dD values (average -103 %.) than
Swartruggens (average -71 %o), which cannot be agdaby differences in ambient rainfall. Interantio
with organic material derived from the intruded Remn-Triassic sedimentary rocks at Star could érpla
these differences. Th&°C values at Star are on average 1 %o lower thanartBiggens, and this is
consistent with the interaction and assimilatiomm@janic material having&3C of ~-25 %, by kimberlite
magma with a fluid dominated by mantle-derived,C8®wartruggens is exposed below the level of the
presumed Permian — Triassic cover; and a similatagoination process could have occurred, but its
effect removed by erosion. Correlations betw&nand KO content suggest that most of the H is
present in phlogopite. This requires that the &oldiof an organic volatile component occurred ghhi
(magmatic?) temperatures.
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Marion Island is a volcanic island, situated in 8muthern Ocean. It has been suggested that & itsve
existence to a mantle hotspot, responsible forifting of Gondwana, which also produced the Karoo
Flood Basalts in the Early Jurassic. Two main pkriof volcanism has been identified — one durirgg th
Pleistocene, the other during the Holocene. THeawic rocks erupted from its crater have been show
to form an evolutionary sequence, attributed exellg to a single evolutionary process: fractional
crystallisation. Additionally, the occurrence afde euhedral clinopyroxene phenocrysts within sofne
the younger volcanics seems to suggest that petesge and magma evolution might have occurred
inside a relatively deep-seated magma chamber,endeaty formed mineral phases were crystallised and
separated from the melt, to form coarse-grained utat® rocks. Modelling of the crystallisation
processes has been attempted with the aid of timpuwer software package, PELE, which is capable of
taking the chemical observations made on both wtaak samples, as well as on single mineral phases
into account. Constraining the model requireddbémation of the system’s initial conditions, prto
crystallisation. These conditions were expresseteims of interdependent thermodynamic variables,
such as volatile content, oxygen fugacity and pmessonditions. A process, which involves the
systematic reiteration of a crystallisation model different starting conditions, was followed to
guantitatively determine a theoretical model thastbreflects the tangible observations made on the
crystallisation products.
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The Panzhihua Intrusion occurs in the Panxi regiaihe Emeishan Large Igneous Province (ELIP), SW
China. This region is host to numerous mafic lagargrusions containing Fe-Ti oxide ore layers (e.g
Baima, Hongge, Taihe), which are unique to the aed hence termed Panzhihua-type oxide ore
deposits. Fe-Ti oxide ore layers occur at the kafsthe Panzhihua Intrusion and are comprised of
abundant Ti-magnetite * ilmenite, plagioclase,abiyroxene and olivine.

Silicate primocrysts (plagioclase and clinopyroXeméthin the ore layers are highly embayed and
typically surrounded by rims of amphibole and aliwith lesser plagioclase, hercynitic spinel and
clinopyroxene. We present here new mineralogicaa dar these distinct rims observed on silicate
primocrysts in Fe-Ti oxide ore layers as well a& mata for silicate primocrysts and oxides fromhbot
gabbroic rocks and ore layers. Amphibole obsem®dims are Na-poor kaersutite. Olivine rims are
enriched in Fo content relative to coarse grainfhiénsame sample. Plagioclase observed associdated w
rims is enriched in An content relative to primatsy Plagioclase compositions for individual sample
show a relatively large range in An content, whiglgenerally characterised by higher An contenthef
fine grains. Plagioclase shows a distinct reveisaAn content within the middle zone A (MZa).
Clinopyroxene shows no reversal in Mg# associatigld plagioclase reversal but shows a minor reversal
in TiO, content.

Fe-Ti oxides within both the ore layers and galbrocks crystallise late after silicate primocrysthich

is clearly indicated by the highly embayed silicate the ore layers and interstitial textures iblgaic
rocks. Furthermore this indicates that the siligatmocrysts were consumed at the time of abunBant
Ti oxide concentration. The initial 8 content of the Panzhihua parent magma is estihate 1 wt %
based on the plagioclase composition of microgablanalysed and the average composition of
plagioclase primocrysts analysed ¢AnReaction rim assemblages associated with slicahsumption
in the Fe-Ti oxide ores are very similar to thatgéirous partial melting reaction assemblages prediu
by experimental studies. We suggest that an indluld,O-rich liquid resulted in silicate disequilibrium
and consumption and resultant in Fe-Ti oxide coteéion within ore layers. Furthermore we believe
that Ti-magnetite crystallised at depth and wassqbently intruded as,B-rich and Ti-magnetite-rich
crystal slurries into the Panzhihua chamber.
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The western margin of southern Africa (South Africad southern Namibia) is notable for the fact that
is intersected by three age-progressive, mafic Itcamafic, alkaline igneous lineaments of Late
Cretaceous to Early Tertiary age (80 to 50 Ma).sEhare oriented SW-NE, roughly parallel to the
direction of African plate motion during this timteach lineament is composed of at least severatpre
than 100, plugs, pipes and igneous complexes congaiocks such as alkali basalt, olivine nephtdini
melilitite, kimberlite and carbonatite. These afi the Western Cape melilitite province (WCMP,
Duncan et al., 1978; Janney et al., 2002) and I{2) Garies-Gamoep-Warmbad (GGW) melilitite-
kimberlite province (Moore & Verwoerd, 1985) of wes1 South Africa, as well as (3) the
“Schwarzeberg-Dicker Willem-Gibeon” (S-DW-G) nephék-carbonatite-kimberlite province of
southern Namibia (e.g., Reid et al., 1990). Ottmmmon characteristics shared by the three magmatic
lineaments are an association with carbonatite texap (Saltpetre Kop in the WCMP, Zandkopsdrift in
the GGW and Dicker Willem in the S-DW-G provinces)d the fact that radiogenic isotope affinities in
the rocks vary from compositions similar to the dgtmp” (HIMU) mantle endmember (i.e., high
2%Pp 2P, unradiogenic Sr and mildly radiogenic Nd) tost more similar to the “enriched mantle 1”
(EM 1) endmember (Io’’Pb/*Pb, radiogenic Sr and unradiogenic Nd). This ssigghat the alkaline
igneous rocks were derived from chemically hetemegeis and carbonate-rich mantle source regions.
The samples with HIMU Sr-Nd-Pb isotopic affinitialso tend to have strongly unradiogeHeif/*""Hf
relative to™*Nd/**Nd, suggesting the possibility that the HIMU sogs}esampled by these rocks may
represent ancient melting products of garnet-bgariantle (e.g., pyroxenite veins). Recent invetiiga

of Sr-Nd-Pb-Hf isotope variations in clinopyroxemegacrysts from the Pofadder and Gibeon kimberlites
(in the GGW and S-DW-G provinces, respectively;nggnand Bell, 2011), selected to span the widest
possible range in the evolution of their parentalgmas, suggests that the unradiogefidf/*’'Hf
component is located within the lithosphere rathan in the underlying convecting mantle (as predos
by Janney et al.,, 2002). The possibility that ahythese three alkaline magmatic lineaments is the
product of long-lived mantle plume activity seenméikely given the lack of young volcanism in areds
the South Atlantic that could represent the reaexpression of such plumes (WCMP and GGW
provinces) or the lack of isotopic similarity andgp time-space correspondence between the cordinent
S-DW-G province and the putative Vema and Discoytuynes that have been proposed as its possible
cause (e.g., Reid et al., 1990; Davies et al., RONgither is there clear evidence that any of the
lineaments overlie the extensions of South Atlafricture zones (c.f. Marsh, 1973). Geochemical and
geochronological data for the three provinces béllsummarized and possible scenarios for the ooigin
these provinces will be evaluated. We will alsscdis plans for future sampling, dating and geodam
characterization of these rocks to better undedstéve genesis of mafic/ultramafic and carbonatitic
magmatism in the region.
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With an estimated erupted volume of 300,000’ kmd an areal extent of more than 200,000, #ma
Paleoproterozoic (2.06 Ga) silicic volcanic rockshe Rooiberg Group (Kaapvaal Craton) in northern
South Africa forms one of the largest and to thmeséime oldest silicic large igneous provinces &)l
known. This large volume of rocks can be sub-digideto four formations: the Dullstroom, Damwal,
Kwaggasnek and Schrikkloof Formations. The DullstnoFormation, composed of basalts to rhyolites
(high Mg-felsite), is overlain by the Damwal Formoat with similar compositions. The major difference
between the two formations is the presence of log-félsites within the Damwal Formation. The
Kwaggasnek and Schrikkloof Formations overlie tlagrival Formation and are mainly composed of low
Mg-felsites. Despite the uniqueness of these rackktheir scientific importance regarding the fatiora

of SLIPs worldwide, the Rooiberg Group receivetdiattention in the past. Therefore, a geochemical
and petrological study was initiated to furtherdntigate the petrogenesis of the Rooiberg Groupw;ge
constraints on the magma forming processes andnie aip with an explanation on the wide extentf it
rhyolitic lava flows.

The Loskop Dam area in the Mpumulanga province, 128. km east of Pretoria, and one of the type
localities for the Rooiberg Group, was found sugads study area because of its good outcrop donslit
and the fact that most of the described formatzarsbe found here. The studied rocks vary fromtdsci
to rhyolites. The dacitic to rhyolitic Damwal Fortiwa is characterized by a majority of grey, apkiani
lavas bearing amygdales and spherulitic textuneghErmore, intercalations of tuffs and meta-sabss
can be observed. The rhyolitic Kwaggasnek Formadsaharacterized by the occurrence of flow-bands,
amygdales and spherulitic textures. No sedimergagyyroclastic units were observed in this fornmatio
The rhyolitic Schrikkloof Formation is charactetizby an absence of spherulites but the occurrehce o
quartz veins. The dacites can mainly be descrisddgh-Mg felsites (HMF) whereas the rhyolites ban
described as low-Mg felsites (LMF). Nevertheles&)Hs of dactic composition can occur as well.
Especially from the Damwal to the Schrikkloof Fotima an increase in low-Mg felsites can be
observed. This transition from dacitic to rhyolitomposition can macroscopically be observed by an
increase in the abundance of flow-banding withie $kudy area. Such differences in geochemistry may
mainly be due to fractional crystallization. Thissupported by the occurrence of HMF, low-Ti basalt
andesite, high-Ti-Fe-P and some LMF in the Damwairation. This more basic (andesitic) group of
rocks is overlain by the LMF of the Kwaggasnek &uthrikkloof Formations. Therefore, crystallization
may have commenced with the more Mg-rich rocks ftben melt (mainly the HMF) during which the
concentration of the LMF relatively increased ie thelt. After this crystallization, saturation betmelt

in Si commenced the crystallization of Si-rich redkMF) to form the Kwaggasnek and Schrikkloof
Formations.The Rooiberg Group exhibits high amowftk,O (2-6 wt.%) and rare earth elements but
low MgO (0-2.3 wt.%) and CaO (0-3.5 wt.%) contenggmilar to other SLIPs around the world.
Comparison of trace elements and REEs of the RopiB&oups with other major SLIPs around the
world show remarkable similarities. The Karroo (8oéfrica) and Ferrar (Antarctica), the Gawler Rang
(Australia) and the Keweenawan (USA) volcanic pnoeis are very similar in trace element
concentration, thus suggesting similar magma seufmethe different SLIPs. Subsequent studies will
further address possible similarities or differentmtween these SLIPs in order to find formational
mechanisms and processes common to these volcanimges. Furthermore, studies on the intensive
parameters (eruption temperature, viscosity, efdhe Rooiberg lavas will try to explain the widetend

of the rhyolitic lava flows of this remarkable SLIP
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The feasibility of cluster formation as the prim#éipding mechanism of platinum group elements (PGE)
in a magmatic environment was investigated. Vagiatmncentrations of As and PGE (Pt, Pd and Ru)
were added to constant amounts of S, Cu and FeeXperiments were manipulated to best present a
natural Cu-Ni-S *PGE system. Samples were prepasied) the silica-tube technique. The final products
were investigated using scanning electron microgd®EM) and scanning auger microscopy (SAM).
Preliminary results indicated that Pt formed aggoations of about 10-100 atoms during the earlyesta

of experiments, probably due to its siderophileawitur. The existence of PGE clusters within a mono
sulphide phase would indicate that an initial prynphysical (mechanical) binding process is more
dominant during early crystallization than chemieakociation with sulphide bonds. This behaviour
cannot be explained by sub-solidus immiscibilitpgerties as has been suggested to account for the
frequent presence of PGE in base metal sulphiderals(BMS).

31
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You may have read about the newly discovered Maotitimpact structure in southern West Greenland
(in Garde et al 2012, the September 2012 issueroGeobulletin, or elsewhere), which is 1 Ga olaled
possibly significantly larger than the ca 2 Ga dlédefort Dome, previously estimated to be thedatg
impact structure on Earth. The nearly perfect gaplgical overlap of the Maniitsoq impact structuighw
contemporaneous, Ni-mineralised noritic intrusieml two ~800 Ma younger, conjugate clusters of
boninitic norite (BN) dykes (Hall & Hughes 1987)shied us to speculate that the Maniitsoq impact may
have been large enough to physically mix contideatast down into the underlying subcontinental
lithospheric mantle. Our research group plans sottds working hypothesis on samples to be cadlbct
in the field in 2013. We are open to collaborat@nthis exciting new topic and welcome applications
from postdoctoral candidates.

At the IMSG 2013, we will first present the fieldlationships between the BN dykes and the Maniitsoq
structure. We will then evaluate geochemical datéhese and other BN-dykes across the World, as wel
as some of the World's largest mafic-ultramaficelad intrusions (including the Bushveld Complex,

Great Dyke of Zimbabwe and Stillwater; see revignSnivastava 2008), which all appear to have been
fed by similar boninitic parental magmas. Contrémyoceanic boninite lavas that are found within

Phanerozoic back-arcs and Archaean greenstone Krhison-hosted BN-dykes and related layered
intrusions appear to have been generated from farelit source and emplaced during a relatively
restricted period (2.71 to 2.06 Ga) of volcanitind.

Previously, continental boninitic melts have beeteripreted as either (1) komatiitic, high-degredipla
mantle melts that were subjected to contaminatiprabge volumes of Archaean crust, or (2) more
moderate-degree partial melts from a highly deplef@ssilized mantle wedge that had been enriclyed b
slab-derived adakitic melts. With this work we poep to test a new hypothesis, i.e. that buoyant
continental crust may be physically mixed into thelerlying, denser mantle by large meteorite impact
events, thereby producing a $iCGand LREE-enriched subcontinental lithospheric theaource that
might give rise to boninitic primary magmas. Th@ &a Maniitsoq impact into a receptive, juvenile
Archaean lithosphere may have been forceful endoiglo so, whereas heavy meteorite bombardment of
Earth at around 3.85 Ga (as observed on the Moonaply totally demolished any pre-existing
continental lithosphere.

If the Maniitsogq impact indeed gave rise to mectanmixing of continental crust and subcontinental
lithospheric mantle, this would offer an entirelgwmodel source for other BN-dyke clusters anddarg
layered mafic-ultramafic intrusions (including teerigmatic Bushveld Complex; see review in Olsson et
al. 2011), and possibly in turn lead to the disepw other impact centers. It might even be speted
that such recognition of additional areas of chamimodification of the mantle by Archaean impacts
challenges the usual interpretation of mantle pldme spots, across which the Earth’s oldest known
supercontinent rifted and broke apart during tHad®gproterozoic.
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A section of the Bushveld Complex at Eastern Chrduiree near Steelpoort was sampled with special
attention to the distribution of chromitite layefe drill core sampled contains Critical Zone chities
from the LG-6 to the UG-3a. The sample locatioapproximately 3.5 km north of the Steelpoort Fault
Zone. Reported effects of the close proximity te t#ault zone include changes in thickness of
(chromitite) layers, increased reef disturbanceshsas pegmatoids/ potholes, and changes in the
mineralogy of PGE associated with the BIC chrostit

The chromitites of the Lower Critical Zone are leagistn pyroxenite containing mainly orthopyroxene,
with those of the Upper Critical Zone hosted in alates of pyroxenite, norite and anorthosite. Tleg
and LG-7, important targets for chrome exploitatioonsist of massive chromitite layers. The MG taye
are “diluted” within the host rock, and the MG-2hieh usually marks the boundary between Upper and
Lower CZ, is only present as a thin chromite s&md-our UG layers are present. Below the footwall
the LG-6, there is a coarse-grained pyroxenite ¢erfpegmatoidal replacement” by local nomenclature.

The layers LG-6 to UG-1 are deficient in sulphiciel &an PGE. Ruthenium phases (laurite) dominate in
the LG-6 and -7. The relative abundance of thed?RR group increases upwards. The MG-4 stands out
as the only layer in this succession to contairrepable amounts of PGMs large enough to analyke. T
UG-2, -3 and -3a contain more sulphide and PGMs. rEplacement pegmatoid below the LG-6 contains
disseminated sulphides including pyrite, pyrrhotgentlandite, chalcopyrite and millerite, but nGE
sulphides.

The platinum-group mineralogy of this particulacsession of chromitites is dominated by Pt-Pd phiase
particularly Pt-Pd sulphides.The MG-4, UG-2 and B&ehromitites were examined to reveal their PGE
mineralogy. Pt-Pd sulphide was dominant in the MG®vHile Pt telluride and Pt-Pd sulphide was found
in the UG-2. In the UG-3a Fe-Pt alloys were domin@ihe modes of occurrence of PGM and base metal
sulphide indicate a primary magmatic origin for hotvith the exception of the UG-2 chromitite.
Abundant pyrite in this particular layer may ber#sad to the action of a late hydrous fluid whidd dot
alter the primary PGE mineral assemblage. This wanwith the sulphide discovered in the replacement
pegmatoid.
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Cherts of the Onverwacht Group in the Barberton Main Land, many of them clearly silicified shales,
have been the focus of many studies, aimed atdivehse things as finding early microfossils (Wéstta

al., 2001; 2006), determining ocean temperaturea(ittm and Lowe, 1978; 2003) or oxygen levels
(Siebert et al., 2005) in the Archean, or extragiodpthe seawater Sr isotope curve to the mid-Aache
(Weis and Wasserburg, 1987a). Alexander (1973)dainat “cherts (of the Barberton Mountainland)
have excess argon”. Weis and Wasserburg (1987hjnelok a Rb-Sr isochron age of 2.12 Ga which they
ascribed to isotope resetting in an unspecifiednthé event. In a new project aimed at testing the
integrity of the chert record, we have carried 8ar/**Ar dating experiments on a suite of cherts from
the Onverwacht Group, using the SANGOMA laboratatyUJ (stepheating by continuous Nd-YAG
infrared laser, and isotope measurements on MAPSRIfass spectrometer). Our Ar isotope results also
yield Ca/K and CI/K ratios of the samples for pexsgive heating steps.

All “°Ar/*Ar stepheating results reveal qualitatively comsistbut quantitatively differing apparent age
spectra. Low temperature degassing steps haveablarery high apparent ages, often greater than t
age of the Earth, confirming the excess argon disignof Alexander (1973). Spectra then go through a
minimum, which lies between 2.2 and 3.7 Ma (andstbears no relation to the depositional age),
followed by a staircase-type pattern of increasipgarent ages. Three aspects are of particulaegtie
(1) the lower the minimum age, the better definegl plateau is; (2) the poorest plateaus and highest
minimum ages occur in the lowermost part of the @wacht succession; (3) CI/K ratios vary along with
the apparent ages of spectrum steps and are {neartelated with the'?Ar(rad)°Ar ratios that
determine the apparent ages (Ca/K ratios are e@rahd show no systematic variation).

The data negate the notion of a simple thermaltiegeof the system (Weis and Wasserburg, 1987b).
The conundrum that presents itself is that theevidence of both argon loss (minimum step ageglyos
younger than the deposition ages) and excess Ax.gbod correlations of CI/K witffAr(rad)?°Ar can

be accounted for by assuming a complete Ar los®ie time in the past, followed by fluid access tha
de!}i%(oared Ar and Cl in variable amounts.

. When did this happen? Regression of the correla
© 3000 yields *°Ar(rad)P°Ar ratios corresponding to CI/K = 0, and
X 0 -~ l R the apparent ages corresponding to th8se(rad)P°Ar
(é ® LK ¢ 1 * l ¢ I ratios would correspond to the time of fluid adgv{Ar
=, 2000 — - loss and excess Ar + Cl addition) These dates mainl
£ 1500 cluster between 2.2 and 2.5 Ga. The lowest (and) bes
% I 4 apparent plateau ages are within this range. Ther®
5 1000 known tectonic or metamorphic event associated thii
% 500 age bracket, but in view of the consequences for
= paleontological and paleo-environmental studies liase

— been carried out on these cherts, we need to halse data
Oq\ogfboq;&g&‘b &g{t\ rgi,,,\'; 7Y seriously and understand the processes that weleyain
the early Proterozoic in these Archean sediments.
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Detailed descriptions of structures associated witmote sensing analysis and microstructural
observationswereperformed in the Northern Zonénef@amaraorogenic belt (Namibia). Passive margin
siliciclastic and carbonatesequencesof the NeomztéecDamarabelt were polymetamorphosed to the
biotite zone of the greenschistfacies and polydaéar during pene-coeval late Neoproterozoic to late
Cambrian closure of two highly obliqgue oceanic domeathe NS trendingAdamastor Ocean to the west
and the NE-SW trending DamaraOceaninthe study &welatle relict structures and fold pattern analyses
reveal the existence of an early N-S shorteningchviwas thenalmost obliterated by a pervasive and
major E-W shortening, related to the closure ofAlamastorOceanic domain and subsequent formation
of the NS striking Kaoko belt to the West of thertilern Zone. Early km-scale E-W trending steepgold
were refolded during this event, producing eithgpdl or Typell fold interference patterns visibte i
remote sensing images. During final NW-SE convergeim the Damara belt,a rigid Paleoproterozoic
basement-high located north of the Northern Zoderited the weak metasedimentaryrocks and produced
a deformation front on its southern edge. The NW«®lEvergence is responsible for NW-verging
asymmetric metre-scale folding associated withtethe-NW shear zones andkm-scale bending around a
vertical axis of the Type | and Type Il refoldedd® Variations in map shapes of these spectatuilér
interference patternswill be discussed as welhastéctonic significance of thesedeformation events
the evolution of the Damarabelt.
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New SIMS volatile (HO, CQ, S) and halogen (Cl, F) concentration data hawa lmbtained for fresh
MORB glasses (>6wt% MgO) from the slow-spreadingtsern Mid-Atlantic Ridge (SMAR; 44-52.5°S),
to complement previous data from the faster-sprngpdorthern East Pacific Rise (EPR; 8-10°N and 12-
14°N; le Roux et al., 2006). The selected MORB damppan the previously observed compositional
range between enriched and depleted mantle soegiens along this section of the SMAR (le Roux et
al., 2002b), as well as the range of magma cryzasitbn characteristics (le Roux et al., 2002a).

The pre-eruption transit of MORB magmas throughupper oceanic crust has the potential to result in
compositional contamination through assimilatioreaj. sea-water altered material and/or salinesbrin
This would most-likely lead to significant additicsf sea-water derived Cl, resulting in excess ClI
concentrations and elevated CI/Nb ratios in erupd#dRB lavas (le Roux et al., 2006; Michael &
Cornell, 1998).

Dissolved HO and CQ concentrations in these MORB glass samples propigssure estimates of
eruption initiation, and therefore the final crustiepth at which significant magma compositional
modification occurreds,; le Roux et al., 2006). Unlike the northern EPBioa, no geophysical data
are available for this section of the SMAR to alloemparison oD, with the depth of imaged magma
chambers (le Roux et al., 2006). However, estimafethe calculated pressures of MORB magma
crystallization for these SMAR samples (le Roualet2002a) can be compared widky,

The volatile and halogen compositions of these SMABRB could therefore allow significant insight
into the pre-eruption magma compositional procegsivith comparison possible with the significantly
different tectonics setting of the northern EPR.
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composition of northern EPR MORB (8—-10°N and 12N)4Evidence from volatiles ¢, CQ,, S) and halogens (F, Cl). EPSL, 251, 209-231
Michael, PJ; Cornell, WC (1998). Influence of splieg rate and magma supply on crystallization ssginailation beneath mid- ocean ridges:
evidence from chlorine and major element chemistmyid-ocean ridge basalts. JGRes, 103, 18325-18356
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LIGHT FROM DARKNESS - GEOCHEMISTRY OF POSSIBLE LIQU ID IMMISCIBILITY
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A section of the volcanic Meredale member at theehaf the Ventersdorp Supergroup is exposed at an
abandoned quarry. In the section, light-colourebesipal structures called ocelli are hosted in dark
coloured layers in a succession of alternating dauk light layers (Cawthorn and McCarthy, 1977)e Th
ocelli are found exclusively in the dark layers amd commonly concentrated directly beneath tha lig
layers.

Analyses of the ocelli and light layers show lowncentrations of AlD;(8%) andhigh MgO (12%).
Charlier and Grove (2012) suggested that low Alteonhcan induce liquid immiscibility. There is a
remarkably small compositional difference betweem light and dark layers, thus, suggesting that the
immiscible liquids may have separated close tatdpeof the solvus. Smaller ‘blobs’, originally thght

to be amygdales, of dark-coloured material mixedriremulsion texture with light-coloured materiatla
light-coloured ‘blobs’ mixed in an emulsion textuséth dark-coloured material, at the contact betwee
the dark and light layers, suggest a second sthliguad immiscibility which took place after extsion

of the magma. There appears to be chemical vamiatithin the ocelli and light layers. The bottonripa
of the overlying light layer as well as the bottéralf of one of theocelli appear to contain a higher
concentration of MgO, E®; and ALO; but lower SiQ than the top part of the overlying layer and top
half of the ocelli. This chemical variation is segted to be attributed to the second stage ofdliqui
immiscibility. Furthermore, analyses also show abradly low extent of Fe enrichment (11% total as
FeO), preceding the onset of immiscibility, in therk layers which contrasts with the generally pted
hypothesis of extreme Fe enrichment preceding tisetoof liquid immiscibility.
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This study was undertaken in the south westerriggodf the Western Limb of the Bushveld complex.
The stratigraphy of the Critical Zone of the Budbdveomplex consists of seven major rhythmic layered
units. The Merensky reef forms the base of théhgixiit and the uppermost seventh unit commencds wit
the Bastard reef. The Merensky reef is referredsteither a pegmatoid reef if a pegmatoidal pyritgen
is present or a non pegmatoidal reef if it is abdenthe latter the chromitite layer rests on at¥eall of
anorthosite. In the former case, the reef is ddfibg a pegmatoidal (feldspathic in certain areas)
pyroxenite bounded by a thin top and bottom chribenlaiyer. The vertical distribution of the PGE is
influenced to a large extent by the separation éetwthese two chromitite layers or the absencenef o
chromitite layer. The mineralogy and geochemistey @escribed on two sets of core, across both reef
types from the area. Samples were analysed byabpticroscopy. Mineral chemistry was investigated
using a SEM, by means of energy dispersive X-Ra&gtspmetry. Major elements were determined by
using XRF and trace elements by using ICP-MS. Redandicate that in the pegmatoidal reef the
plagioclase in the footwall is a cumulus phase amt@ast to plagioclase in the hangingwall that is
interstitial. The hangingwall of the non-pegmatbitiéerensky reef show whole rock Mg#s ranging
between 0.73 and 0.77, with the footwall valuesgnag between 0.39 and 0.75 with the values
decreasing towards the chromite stringer. The maywgall of the pegmatoidal Merensky reef show whole
rock Mg#s ranging between 0.68 and 0.77, with tdwvfall values ranging between 0.66 and 0.68 with
the values decreasing towards the top chromitaggri and increasing towards the bottom chromite
stringer. The pegmatoid layer also shows signifigdrigher values of 0.75 — 0.81.
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FIRST LITHOFACIESANALYSIS ON THE GEODYNAMIC SETTING OF A
PALAEOPROTEROZOIC SILICIC LARGE IGNEOUS PROVINCE: T HE ROOIBERG
GROUP, KAAPVAALCRATON, SOUTH AFRICA
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The 2.06 GaRooiberg Group of South Africa, reldtethe greater Bushveld complex forming event, is
one of the unique silicic large igneous provincgklPs) found in the Precambrian rock record. Akin t
the Gawler Range Volcanics (Australia), the Sideadre Occidental (Mexico), the Trans-Pecos volcanic
field (USA), and other silicic dominated LIPs, tReoiberg Group is subaerial, dominated by voluméou
silicic lava flows and formed in an intracontindrgatting. The original extent of the Rooiberg GQrasi
thought to be as much as ~200,000%kof which 50,000-67,000 Khremains after erosion, though
aneruption volume of ~300 000Rras also been proposed.

The Rooiberg Group, overlying the metasedimentsragthvolcanics of the Transvaal Supergroup on the
KaapvaalCraton, can be subdivided into four fororaj which are in stratigraphical order: the
Dullstroom, Damwal, Kwaggasnek and Schrikkloof Fafion. The best outcrop conditions for the
Rooiberg Group can be found in the Loskop Dam amehe Mpumalanga Province, ca. 120 km E of
Pretoria, where three of the four formations carebeountered in the field. After extensive mapgimg
this area, a lithofacies analysis was initiateaider to provide for the first time a properly ctvamed
and detailed set of the lithofacies types thatlmencountered within the Rooiberg Group.

So far and within the scope of the study area (bpstkam), eightlithofacies types have been ideutjfie
ranging from coherent lava flows and massive ttdfsross-bedded sandstones and conglomerates. The
lithofacies types can be grouped into syn-, intend post-eruptive lithofacies associations, thus
illustrating changes in time and space as showrint®rcalated products of effusive and explosive
eruptions, and clastic sediments characterisingdiof relative quiescence. The tectonic situatitthimv

the KaapvaalCraton and the predominance of lawasflis seen as evidence for fissure eruptions in the
Loskop dam area. Thick pyroclastic units elsewlthin the extent of the Rooiberg Group, however,
suggest the existence of larger volcanic featuneb as stratovolcanoes and related explosive engti
probably contemporaneous with the fissure eruptions

The new information gained in the course of thiglgtwill enable the reconstruction of the geodyrami

setting in which the Rooiberg Group formed and thls® help us to understand the conditions under
which SLIPs can form in general.
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Using petrography and pseudosection modellingndrthern Giyani Greenstone Belt (GGB) was studied
so as to classify and quantify its metamorphismee@stone belts are generally elongate, early & lat
Archean preserved continents which formed at pmtticental margins. They comprise intrusive and
extrusive mafic to ultramafic igneous rocks, irfegufelsic volcanics, and cover sedimentary rocks.
Greenstones are generally of low to moderate mefamnmgrade.Greenschists and greenstones are low-
grade metamorphic rocks that contain chlorite natite, epidote and albite, the minerals which talby

typify greenstone belts. However, this is not tlasecin many observed greenstone belts such as the
Barberton and Murchison Greenstone belts, whereammphic grade reaches up to amphibolite facies
conditions.

The GGB reached up to upper amphibolite facies itiond coupled with partial melting. The samples
contain minerals of medium to high grade metamamhsuch as staurolite, anthophyllite, garnet and
sillimanite. These are clearly not greenschisiefaminerals representative of low grade metamerphi
Peak metamorphic conditions reached by the nortts®®B are between 550-650°C and 5.6-6.5 kbar.
Now the question is, “Is it fitting to still calhese terranes “greenstone” belts though some gfttiem

are no longer greenstones?”
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The Bushveld Complex contains cumulus apatite tdviae top of the Upper Zone, and contains high
concentrations of REE (Vantongeren and Mathez, R0l# uppermost 300 m of a borehole (Bierkraal)
have been sampled to investigate apatite abundart@/hole-rock composition in detail. Two cycles of
apatite abundance are recognised, showing a sharease at the base (up to >15 % by mode) and
gradual decrease upward. Apatite abundance caseleith olivine and magnetite proportions, butthei
respective sinking velocities are not consistethwiydraulic equilibrium. Hence, settling and sagtare

not accountable for the formation of apatite-begdycles.

The REE abundances of apatite have been calculatad the assumption that all REE are concentrated
in apatite. Given the large partition coefficienta apatite compared to the other phases predest, t
assumption is considered valid. Using this methdd found that the REE abundance in apatite varies
inversely as a function of modal proportion of @patwith Ce contents in apatite ranging from 560 t
1400 ppm for modal abundances of 16 to 2 %. Thekees are similar to data presented by Vantongeren
and Mathez (2012), who suggested that such difteewere due to liquid immiscibility.

An alternative model is presented here that relatethe trapped liquid shift effect (Barnes, 19843,
applied to incompatible trace elements (Bédard41@awthorn, 1996). In this model the REE in the
trapped liquid surrounding the cumulus grains watrengly partitioned into the primary apatite as th
trapped liquid solidified. Calculations show thapped liquid effect for a liquid with 100 ppm Ceiafn
crystallized apatite with 500 ppm. If the cumulgsite proportion was 2% and the trapped liquid 30%
the final re-equilibrated apatite would contain @3pm Ce. If the cumulus apatite was 16% the irserea

in Ce in the re-equilibrated apatite would only@# ppm. These abundances are consistent with those
calculated from whole-rock analyses in this studg the data of Vantongeren and Mathez (2012).

All other REE behave similarly and can be quarititdy modeled as for Ce, except for Eu. Eu can also
enter plagioclase, and so the assumption thatEl Rartition in to apatite is not valid for Eu. lnding

the partitioning of Eu into plagioclase in thesécakations produces a negative Eu anomaly in th& RE
pattern for apatite, the magnitude of which incesaas the proportion of apatite decreases, exastly
observed in the two data sets.

It is concluded that the trapped liquid effect five redistribution of REE during intercumulus
solidification can best explain the variations buadances observed in apatite from near the tapeof
Bushveld Complex.
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The Pan-African Damaraorogen (Namibia) recordd\tbeproterozoic-early Palaeozoic amalgamation of
West Gondwana, and traces the NS-trending coastakches of the Kaoko and Gariep belts, and the
ENE-trending inland branch of the Damara belt. &#ht issues concerning the genesis of the Damara
belt either as an intracontinental or as an aaeraty orogen remain under debate. An intracratorigin

with exclusively ensialic processes has been stegdemainly by the lack of subduction-related
metamorphism (no eclogites and/or HP metamorphisch @phiolites) and on the basis of isotope
systematics, which would suggest an origin by HTitimg of mafic lower crust (Jung et al., 2002).
However, a subduction scenario would reconciledib@ km ENE-WSW-trendingMatchless amphibolite
belt, where scattered MORB-type pillow basalts aeeorded.In this respect, absence of typical
subduction-related metamorphism could be due tohliseration by later tectono-metamorphic eveAts.
central roleto this debate is played by theGoazmis$ite complex: located NW of the Matchless belt, i
represents the earliest magmatic activity of thenB@norogen, and, according to many authors, its
setting andgeochemical signature would suggestN&yivgsubduction of an oceanic domain (Miller et
al., 2008, and references therein).In order to awprthe knowledge of the Goas complex and constrain
its timing of emplacement, new geochemical datalahdCPMS U-Pb ages on single zircons have been
collected. The suite is composed of two relativahall tholeiitic meta-gabbroic intrusions (Neikh@ewl
Audawib) and by six main calc-alkaline bodies (Oeamb, Okatuwo, Gamikaub, Okongava, Palmental
and Mon Repos) with a widespread distribution frmiatfic to felsic rocks. The meta-gabbroid intrusions
outcrop mainly as OI- and Px-cumulates or as diigldifferentiated products, often altered to
hornblendites, while the main intrusions span frdiorites to granites, or from monzodiorites to quar
monzonites and granites, according to their alkalhtent. The main mineral phases in mafic to
intermediate rocks are PI, Hbl, Bt, Fsp and QtzhwWin, Chl and Ep in various proportions as seaond
minerals, while granitoid rocks are dominated by Rf, PI, Bt and secondary Ms. A more alkaline
character with a potassic signature is recordeBalmental and Mon Repos intrusions. Trace element
abundances show a LFSE enrichment and a markediveegaomaly in Nb, Ta, and Ti. A negative Hf
anomaly is present in the Gamikaub, Palmental ant Mepos bodies. REE patterns show a general
enrichment of LREE during crystallization, togethesth depletion of HREE, compatible with
fractionation of amphibole. The Eu anomaly increagéth decreasing Sr, indicating that plagioclase
played a major role during fractional crystallinati The granitoids are mostly peraluminous, shoant
S-type affinity, and fall in the ‘volcanic-arc’ fgéin tectonic discrimination diagrams. The distitibn of
Th/Ta vs. Yb and Th/Hf vs. Ta/Hf invariably ploee magmas into the ‘active continental margirndfie
New U-Pb ages on metagabbros confirm their eariyp&tion in the Damaran plutonic event (57319 Ma
and 570+6 Ma for Audawib; 567+7 Ma for Neikhoesyt bhey are not much older than other Goas
intrusions, as previously believed. Ages of themiairusions are constrained in a range of circdvih2

(x errors), and reveal that the oldest diorite @gamikaub, 569+8 Ma) is coeval with the metagabbros
Slightly younger are two granodioritic and grangamples from Oamikaub (563+12 Maand 562+8 Ma)
and a diorite from Okatuwo (562+6Ma). The youngages belong to the Mon Repos and Palmental
bodies (respectively 558418 Ma in a quartz monzoaitd 557+10 Ma in a monzonite). Interestingly, the
latter two correspond to the K-rich intrusions,tisat the KO vs. SiQ diagram for the whole Goas suite
shows a noticeable trend from tholeiitic to caladitke to high-K calcalkaline rocks with decreasaugs,

as expected in evolutionary arc magmatic suites. i$bue, however, needs to be further investigaied,

it cannot be excluded that geochemical trends aotbpe signatures represent the result of AFC
processes in a non-subduction setting.

Jung, S., Hoernes, S., Mezger, K. (20@)ntrib Mineral Petrol (2002) 143: 551-56.
Miller, R.Mc. (2008): Geology of Namibia, Vol I-lIiGeol. Surv. Namibia, Windhoek.
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In many granulite facies metamorphic belts, thetitgofluid-absent melting reactions which productg
leucosomes in metapelitic migmatites are well aairséd by the assemblage of peritectic mineralslyred within
the residua from which the melts separated. Thé eoehpositions produced by these reactions aredeelimented
from experimental studies and from melt inclusionghin garnet from metapelitic granulites. Leucosom
compositions typically depart markedly from thoderelts. The main areas of major-element compasdioniss-
match involve KO, NgO and CaO, with the leucosomes commonly having td® and lower NgO:CaO ratios
than the melts, although examples of anomalouglly KO also exist. As the leucosomes form as a conseguzhn
segregation of melt or magma, this compositionassmatch has been interpreted to reflect procedfaging the
leucosomes after their formation. Fractional cijigition of plagioclase in the leucosomes and/gbkand HO
migration out of the leucosomes are the most contyniowoked mechanisms. The leucosomes producedwith
metapelitic granulites of the South Marginal Zorfetlee Limpopo Belt are markedly low in,R and have
Na,O:CaO ratios similar to their source rocks. Anateaf these rocks has occurred via two biotite bieak
reactions which can be modelled as: 1. Bt + Siltz ©PF = Grt + Pf + Melt; and at higher temperature, 2. Bt +
Qtz + Pt = Opx + Pf + Melt. The lower temperature reaction producesnsatic leucosomes which underwent
solid-state deformation before the formation of ulgic patch leucosomes by the nominally higher penature,
lower pressure reaction which destroyed the edidiened fabric. The zircon U:Pb ages for both leawuoes, 2714
+ 6.4 Ma and 2713 £ 5.4 Ma respectively, are withiror identical and there is no evidence for potamorphism
of these rocks. Thus, the magma formed by reactiomppears to have segregated and formed the mealan
solid stromatic veins whilst temperature was insieg and pressure possibly decreasing. As a coasequan
explanation is required for how the magma solidifteiring PT evolution of the rocks that should hesgulted in
increasing magma volume. As the leucosomes predoriinconsist of quartz, plagioclase and minor ggrthe
process that forms the solid leucosomes at highpeemture cannot simply be entrainment of the paiite
plagioclase (P) and garnet produced by reaction 1. and the pftatifn of these crystals from the magma
following segregation and prior to melt escape fithin structure. In this scenario, the quartz inléueosmes is the
consequence of crystallization from the melt onliogo Thus, quartz mode should correlate positivelth K,O
content and N#®/CaO ratio in the leucosomes. No such correlatexist necessitating a mechanism to precipitate
quartz and plagioclase without cooling. The tralement compositions of the leucosomes and resigpaa to
hold the key to identifying this process.LeucosoREEE compositions are characterised by marked peskHiu
anomalies, whilst their residua show no significéiit anomaly. Modelling of trace element behavionder
equilibrium melting followed by precipitationn ofeptectic plagioclase produces leucosomes that lsavaller
positive Eu anomalies and residua with slight pesiEu anomalies. Consequently, we suggest a digegum
melting process that was characterised by a ladkafngruency in the plagioclase behaviour in therse. We
suggest that the outer zones of plagioclase ceystalts completely in the source, with no productid a more
calcic peritectic plagioclase. This produces a @ighan equilibrium amount of Anorthite moleculetle melt and
recovery from this state occurs after melt hasegged into the leucosomes. This process is clesisexd by a lack
of Eu fractionation on melt formation and segremat{batch melting of plagioclase in the source)thwthe
crystallization of relatively An-rich plagioclase the leucosome structures coupled with co-pregtipit of quartz
due to the influence of plagioclase precipitatidnmelt SiG, content. These findings argue that the melt ledves
source instantaneously. The leucosome volumesfisigimily underestimate the volume of melt lost frime rocks.
Individual leucosome volumes do not represent tiiemae of melt or magma present at any one timaéndcality
occupied the leucosome. Rather they form increnigngs melt leaving the source dump its disequillibr
plagioclase load, as well as quartz and entraiagdrhagnesian peritectic minerals, in sites of rmalisfer.
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The Mesoarchean Mozaan Group constitutes thegtrptiically upper part of the Pongola Supergroup in
South Africa and Swaziland. It is characterizeddaypdstone and shale interbedded with minor iron
formation. In the study area of the White Umfoldmlier, the Mozaan Group has experienced a
greenschist grade metamorphic overprint. Major el@nanalyses of shale and sandstone of the Ntombe
Formation have revealed appreciable Mn contentsieder, the origin of Mn enrichment remains poorly
understood. In this work, petrographical, mineralab and geochemical investigations have been
performed to illustrate the variation of Mn contenhrough the Ntombe Formation, to establish the
manganiferous mineral phases and to evaluate tegses involved in Mn enrichment.

A Mn-rich olivine mineral phase has been observeshiale and sandstone of the Ntombe Formation. Its
chemical composition ranges between @vn,5)SiO, and (MnsFes)SiO, close to knebelite
(FeMnSiQ), which is a manganoan variety of fayalite, belaggto the fayalite-tephroite series. The
manganoan fayalite is present as a fracture filiggociated with Mn-rich carbonate ranging between
rhodochrosite-calcite solid solution (probably Makr kutnahorite), and Fe- and Mn-rich phyllosilieat
phases. The olivine variety also occurs as a latenal phase in intergranular space associated Féth
rich pyrophanite, Mn- and Fe-rich silicate and jpdsilicate phases. The manganoan fayalite is a cmmm
mineral phase, found in Mn- and Fe-rich sedimentacks,occurring in a wide range of temperature in
metamorphic and/or hydrothermal context. As parthig study, its formation is thought to have taken
place during fluid-rock interactions associatedhafteration of Mn-rich sedimentary carbonate (e.g.
siderite and ankerite) and Mn-rich metamorphiaati during peak metamorphism experienced by the
Ntombe Formation at ca. 2.6 Ga ago. These proca#lsgged Mn enrichment reaching more than 15 wt.
% MnO.

Such high Mn content represents an uncommon fedturesedimentary rocks of that age. Better
constraining mineral phases associated with Mn #oed processes involved in Mnenrichment are
fundamental, as they allow for a better evaluatibthe potential of Mn deposits in Archaean roaks i

general and in the Pongola Supergroup in particular
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The 132 Ma Parana-Etendeka Large Igneous Proviasebben attributed to the impact of the Tristan
mantle plume and the associated opening of thehSAtlantic Ocean, during the Early Cretaceous
breakup of West Gondwana. On the Namibian siddefift, this is preserved as the extensive bimodal
Etendeka flood volcanics, and the Damaraland IivteuSuite, a series of subvolcanic intrusions waithi
the Damara Orogenic Belt.

The Doros Complex is a relatively small (~4 km X)) mafic layered intrusion fromthe Damaraland
Suite. It consists of a series of stacked layeramaksive or foliated olivine gabbro, with varying
compositions and mineral proportions, cut by gabpemmatite, monzodiorite and dolerite dykes.
Depletedeng of +3.34 to +6.46, moderaféSrf°Sr (0.703970 — 0.709525) and trends in incompatible
trace element ratios indicate that the Doros magmas derived primarily from enriched Tristan plume
melts with a significant component of entrainedldem upper mantle and minor crustal or lithospheri
mantle contamination.

It has previously been suggested by Magstal (2001) that Doros may be the eruptive sourcehef t
Tafelkop basaltic lavas of the Etendeka, due tdr theatively close proximity and the apparent
thickening of the lavas towards Doros. We show thatDoros gabbros also have strong geochemical
affinities with the Tafelkop lavas. These commoatfiees include near-Bulk Silicate Earth initial Sr
ratios and low positiveyg, high and variable Ti/Y, Ti/Zr and Zr/Y and relatly low heavy rare earth
element concentrations. Pb isotopic compositionghef suites overlap antf’Pb trends are almost
identical.Furthermore, trace element modeling of fhoros cumulates from whole-rock chemistry,
assuming equilibrium and a closed system,suggesésemtal magma composition remarkably similar to
the Tafelkop magma type. The Doros-Tafelkop magredes thus represents a set of relatively
uncontaminated, predominantly plume-derived meltsl alerivative cumulates within the Parana-
Etendeka and provides insight into the early staf@sagma generation.
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PETROGRAPHIC EVIDENCE FOR CRYSTAL-LIQUID REACTION A ND DISEQUILIBRIUM,
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Prevec, S.A.Raines, M. and Everitt, S.
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Although the mafic rocks of the Bushveld Complexyéneral, and the Upper Critical Zone in particular
have been extensively studied over the past cgrdutumber of what appear to be fundamental taktur
features have been identified which have not,Hermost part, been interpreted in the context of
magmagenesis. Previous workers have noted comfagioplase relationships (apparently xenocrystic
grains with distinct zoning and morphology relattgeneighbouring grains), and isotopic evidence for
disequilibrium with interpretations ranging fronimpeary magmatic to late hydrated fluid activity.
Textures associated with the Merensky Reef and ligl@de a range of textural features involving the
major silicate phases, plagioclase, orthopyroxemkectinopyroxene. Phenomena such as rounded
inclusions of plagioclase in orthopyroxene, platfiee in plagioclase, rounded orthopyroxene in
subhedral orthopyroxene, all suggest a complex ragigtistory. Of particular interest are rounded
knobs of orthopyrosx.ene Wi'ghi_rlrinterstiti_al the'rkmrystic) clinopyroxene.

by Q“j

Resorbed opx within interstitial cpx, hosted witpiag Discontinuous rim of cpx along plag-opx grain boaryd
laths.

These textures all require that the rocks did nggtallise in situ as an equilibrium assemblagenfeo
single parent magma. This is not, or should notaken as a profound deduction in the sense that
complex crystal-liquid interactions have long beeoposed for mafic magmas, and those of the
Bushveld in particular. Nonetheless, the rocksioomtto be modelled as though they are derived from
crystallisation of known parent magmas (such asf@&@®B1, B2 magmas, among others), when clearly
these rocks are not representative of parent magmaositions, and are in fact mixtures. It is enide
that the mixtures involve magmas which were na&gquilibrium, as early primocrysts have been resibrbe
and then “ended up” hosted within other liquidsh(@i the crystal or the liquid having been transgubto

facilitate this juxtaposition).

Additional textures of interest include discontingaims of clinopyroxene occurring along grain
boundaries between orthopyroxene and plagioclas¢hése are not reaction rims, possible
interpretations include migrated exsolved high-@apene, or migrating slivers of trapped intertlti
liquid. Localised disequilibria associated withvalie-plagioclase grain boundaries, in the form of
immature corona development, are also evidentaamdlypically characteristic of prolonged heatimg o
slow cooling of the host rock.
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We report on new results of a combined FIB/HRTEMestigation of PGE-rich samples from the
Merensky Reef of the Bushveld Complex in South &friChromitites and pegmatiticmelanorite from the
Northam and Rustenburg Platinum mines contain RufRharsenide nanocrystals (< 50 nm in size) as
inclusions in pyrrhotite and pyrite, as well as Rio-rOs, Ru-Rh-Pt-Ir and Ru-Rh-Ptsulphidenanocrystals
in pyrrhotite and pentlandite. Chalcopyrite did matorporate nanometre-sized PGE-bearing minerals
(PGM). These nano-scale PGM inclusions form a nepufation that was hitherto unknown from the
Merensky Reef. The PGM inclusions are found asnigighic, plate-like nanocrystals, but which are
differently oriented with respect to the host bastal sulphide (BMS). In one TEM foil we observeg-R
Rh-Pt-sulphidenanocrystalsexsolved from its peditan matrix with a common crystallographic
orientation that is visible in TEM dark-field imageHowever, this phenomenon is only patchily
developed and ahead of the exsolution front thetlgadite still contains Ru-Rh in solid solution.
Occasionally the PGM inclusions form clusters, digwe flow texture or they are aligned like peantsa
string. These observations are inconsistent withtsmlidus exsolution and suggest that the nan@scal
PGM had already crystallized before solidificatioinithe sulphide melt and the formation of their BMS
hosts. There is evidence from recently performédnatory experiments on silicate melts with adeitiv

of Ru and Pd that discrete Fe-rich Fe-Ru-Pd allogmometre-sized) can indeed crystallize early upon
cooling. These experiments raise the possibiliaf the PGE-bearing nanocrystal inclusions founthén
BMS of the Merensky Reef might represent preseredidts of an early phase of magmatic PGM that
precipitated from the silicate melt and afterwardere collected by the sulphide melt. Combined
FIB/HRTEM techniques open up a window through whibk nano-scale mineral population can be
viewed. PGE previously thought to be present in B&8d solution might actually be an artefact of
inadequate spatial resolution.Application of X-Ragmputed Tomography (XRCT) to the investigation
of mineral assemblages has the potential of releolising metrology of natural materials. The
distribution of mineral aggregates in three dimensiprovides a more rigorous approach to quantati
measurements of textural associations, mineral madd thus their confident interpretation. Minexedi
samples from the Merensky Reef of the Bushveld Gexpave been subject to XRCT analysis and the
results will be presented and discussed. The puweethvolves the collection of X-Ray projections
during rotation of the sample, usually a rock speti or epoxy mount, that results in a series of gre
scale images. The image stack is reconstructedai®® volume that is composed of voxels (3D pixel),
each of which has a grey scale value proportiomaheir X-Ray transmissivity. The latest flat panel
detector provides 16-bit greyscale images with 68+0values, thereby enhancing the resolution of
individual minerals through segmentation. Sinceéheanxel is referenced in X-Y-Z space, the subsefjuen
visualization procedure provides important spatidbrmation that can be utilised for quantitative
petrographic characterization. One of the most pluvdeatures of the XRCT visualization is the
rendering of mineral textures in animated 3D. Maheseparation can be achieved digitally and the
distribution of platinum group minerals (PGM) anakb metal sulphides (BMS) accurately depicted and
guantitatively estimated. Such true volumetric meotlave the potential to supercede the conventional
modal analysis that is restricted to planar sesti@y. rock slabs, thin sections). Voxel analysis h
enabled the confirmation of continuous networkB®IS throughout the Merenskylithologies (pegmatitic
reef, chromitite, pyroxenite), thus providing evide for enhanced permeability. BMS-Chromite and
BMS-Silicate boundaries are highlighted as prefigaknites of PGM location. XRCT is a rapid techumq

to detect PGM in rock samples subject to limitee-preparation, without the need for prolonged assay
procedures or specialized electron microscopy.
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The present erosion surface of the Kaapvaal Crddes not provide a lot of direct evidence of itepulr
structure and composition. Apart from the fact timatch of the craton is hidden below the Karoo cpver
the metamorphic overprint of the exposed rockscslpi reaches greenschist to amphibolite facies.
Exposures of Archaean granulite-facies rocks are amd restricted to a small number of greenstone
belts, the central uplift of the Vredefort Dome,daa few localities in Swaziland. The granulite
occurrences of the northernmost Kaapvaal Crataterdb the Limpopo orogeny. Thus, access to rocks
originating from the deeper Archaean crust of seuttAfrica is very limited, mainly due to the fabat
much of the Kaapvaal Craton has remained geoldgistdble since its consolidation about 3 Ga ago.
Only some of the Swaziland granulite occurrencégedo a younger orogenic event affecting theoecrat
margin at about 2.7 Ga (Hofmann et al., in prep.).

Nevertheless, according to evidence from crustabhihs in kimberlites, granulitic lower crust agps

to be widespread in the Kaapvaal Craton. While iptessresearch on xenoliths has largely focused on
mantle material brought up with the kimberlitesg tbrustal components have attracted much less
attention. Hence, knowledge about the deeper Aesharust and its evolution remains fragmentary.

A current project focuses on xenoliths from kimtiermines of east-central South Africa and Lesotho.
Initial results of petrological studies show thadmy of the metamorphic rock types encountered have
counterparts in surface exposures. Garnet-richufjtags are present as well as quartzo-feldspatiks
with high-temperature deformation fabrics. Ultrdiigmperature (UHT) metamorphism, previously
described from Lace xenoliths (Dawson et al., 1989ppears to have been widespread. Indicators are
sapphirine-quartz and spinel-quartz assemblages UHIT granulites show a range of reaction textures,
mostly of retrograde nature, that allow reconsingctP-T paths to some extent. High-temperature
reaction textures include coronas around peak-nmant minerals, and unmixing of ternary feldspars
and Ti-rich quartz.

Across the southern margin of the Kaapvaal Cratensituation is similar in respect of finding adant
granulitic xenoliths while the closest exposuresthie Natal Metamorphic Province are confined to
amphibolite-facies peak metamorphism. Amongst thestal samples are high-pressure granulites (as
reported by Schmitz & Bowring, 2004). However, Uldianulite, though less common, is also present.
Such a variation in metamorphic pressure-temperatonditions requires an explanation. Evidently,
detailed studies of deep-crustal xenoliths are iakumot only for obtaining information on peak
metamorphism and pressure-temperature historiésnbre generally for understanding the Archaean to
Proterozoic processes of formation and evolutiocooitinental crust in southern Africa.

References:

Schmitz, M.D. &Bowring, S.A. (2004). Lower crustgtanulite formation during Mesoproterozoic Namadigal collisional orogenesis,
southern Africa. South African Journal of Geolo@71261-284.

Dawson, J.B., Harley, S.L., Rudnick, R.L. & IrelafdR. (1997). Equilibration and reaction in Archaequartz-sapphirine granulite xenoliths
from the Lace kimberlite pipe, South Africa. JodrofaMetamorphic Geology 15, 253-266.

48



CATASTROPHIC COMPACTION IN THE UPPER ZONE OF THE BU SHVELD CENTRE
Roberts, R. J.

! Department of Geology, University of Pretoria, 8oéfrica; james.roberts@up.ac.za
Keywords: Upper Zone, Bushveld, compaction, crystallisatiospped liquid

Compaction is a common process in most layeredsiuns, in which the crystallisation front formeg b
in-situ crystallisation collapses under the weight ofdkierlying crystal mush, and trapped liquid, with an
enriched and differentiated character, is forced the overlying crystal mush. This process resilts
increased incompatible trace element content irotteglying crystal pile, and is often consideredéna
constant process operating throughout the crysadillin history of the intrusion. However, in thepdp
Zone of the Bushveld Complex, the behaviour of inpatible trace elements such as Zr implies that the
compaction process in this intrusion was episoditer than constant in nature. In studies of the
Bierkraal borehole, several silicate cycles areartye identifiable, marked by the occurrence of
magnetitite layers at the base and top of eackecyelis at its maximum at the base of the siliqake,

and then shows a systematic decrease with heighthenintrusion, until a minimum is reached
approximately halfway up the cycle. From this padmwards, Zr shows a more traditional increasing
fractional crystallisation trend. This cycle of dfon followed by enrichment is most likely explad as
the result of a catastrophic collapse of the edolyned magnetitite crystallisation front, and the
subsequent expulsion of incompatible-enriched diqoieviously trapped in the magnetite mush. The
trace element abundance in the silicate unit atieeeollapsed magnetite front is thus determinethby
proportion of expelled liquid present, rather thanfractional crystallisation, and can be modelted
such. This process of episodic collapse has nat lebserved in other layered intrusions or in other
portions of the Bushveld Complex, and may be rdla® the processes which lead to the early
crystallisation of large quantities of magnetitite.
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The 1563.02 m deep Moorkopje (MO-1) drill core,lldd on the Northern Limb of the Bushveld
Complex sampled a ~1.3 km section of mainly gabtwitio rocks belonging to the lower Main Zone of
the Complex. The lower Main Zone is characterizggtmumber of interesting features, including very
limited large scale differentiation as exemplifiegl parameters such as the An% of plagioclase, t# M
of pyroxenes and the Modified Differentiation IndéMDI), the near-absence of inverted pigeonite
(which becomes a cumulus phase at much lower lesfethe intrusion at other localities within the
Bushveld Complex), non-cotectic proportions of pbatase : pyroxene, the decoupling of the
differentiation trends of plagioclase and pyroxesra] importantly, significant Sr-isotopic disedilum
between co-existing plagioclase and pyroxene. €htufes of the lower Main Zone as exposed by MO-1
and as presented above were interpreted to hawke$rom the repeated influx of crystal mushesrir

a sub-Bushveld staging chamber that has been Yadabtaminated with melts derived from lower and
upper crustal sources. Nd-Sr isotopic models sugtest the observed isotopic compositions of
plagioclase and co-existing orthopyroxene may hasgelted from a multi-chambered staging chamber,
with plagioclase crystallizing in a part of the off#er contaminated by a larger proportion of lower
crustal material and with orthopyroxene crystafligiin a part of the chamber contaminated by a
proportionately higher amount of upper crustal makeThe composition of the Outer Granite Gneisg a
the Inlandsee Leucogranofels as exposed withinvtiedefort Dome were used as proxies for the upper
and lower crust, respectively. It is proposed Hegtarate plagioclase- and orthopyroxene-chargetieaus
mixed during ascent prior to emplacement into tt@nnBushveld magma chamber to yield rocks of a
gabbronoritic composition.
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The 2.9 Ga Witwatersrand (Wits) basin hosts nunseeauiferous reefs, most of which also containdarg
concentrations of sulphide minerals, primarily fgriThe Ventersdorp Contact Reef (VCR) in the West
Wits area contains rounded and angular pyrite graline pyrites were studied using reflected light
microscope (RLM), scanning electron microscope ($Eparticle induced x-ray emission (PIXE),
electron microprobe (EMP), and laser ablation itidety coupled mass spectrometry (LA-ICP-MS), to
characterize the shapes, textures, inclusions, ichémonations, and overgrowths, as well as theomaj
minor and trace element content of the pyrites. Tdunded porous pyrites have either sponge-like
textures or are massive. These grains host inclsisad arsenopyrite, chalcopyrite, galena, gold, and
zircon. The angular pyrites generally have masgwéures, with inclusions of chalcopyrite, pyrrheti
and gold. The highest concentrations of Ni, Co, Ag, Cu, Zn, Au, Pb, Pt, and Pd were observed in
individual rounded pyrite grains. Nevertheless,rage concentrations of these elements are highteein
angular pyrite grains than in the rounded pyritairgg.The angular pyrite grains contain high average
concentration of 0.08 wt % Co (average of 10 daftatp, ranging from 0.01 to 0.2 wt % Co); and low
average of 0.24 wt % Ni, ranging from 0.09 to 0v89% Ni, and giving low Ni/Co ratio of 3.05.
Comparatively, the rounded pyrite grains gave INgICo ratio of 7.55, but low Co average concendrati

of 0.04 wt % (averaging 8 data points, ranging fi@®3 to 0.09 wt %), and high average of 0.27 wt %
Ni, ranging 0.01 to 0.58 wt % Ni. The Ni/Co rat®therefore about 2.5 times larger for angularteyri
grains than for rounded pyrite types.The data gatheindicates that the angular grains are
hydrothermally formed, whereas rounded grains atstdl in origin.
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The Jamestown Suite occurs in the northern seofitimee Barberton greenstone belt. It consists rnyaifl
an ultramafic sheet, highly depleted in LILEs, @he contacts of with the surrounding granite bath®l
are intensely brecciated. These indications that mbck suite is neither a primary magma, nor
autochthenous, has led to the interpretation thegpresents the deleted mantle portion of an Aaxhe
ophiolite. Near the northern edge of the ultramaficks there is anunusual and enigmatic little exid
body which is highly enriched in nickel (>35% Ni@hole rock), from which 6 new Ni minerals
(silicates, a carbonate and a borate) were deschpele Waal in the late 1960s and early 1970s.fatte
that it is also anomalously enriched in the platirgroup elements (PGE) has led some investigators i
the past, including de Waal himself, to interphet body as the remnant of a paleo-meteorite. Homvave
good case can also be made for a scenario in vthechody is of terrestrial origin and has co-evdlve
with the ultramafic host. Some recent Cr isototadwill be presented, which supports the latted@ho
rather than the former one.
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The Pilanesberg Complex has proved to be of gntatdst not only due to its high proportion of rageth elements
(REE’s), large ion lithophile elements (LILE) andgh field strength elements (HFSE) but also duethte
insufficient data available on the Pilanesberg Aflea Complex.The Mesoproterozoic Pilanesberg Aheli
Complex, emplaced into the Paleoproterozoic Bushv@bmplex, has been reported to have occurrences of
eudialyte group mineralisation (EGM). Lurie (19#8ported eudialyte as an accessory mineral in sbeumf the
major rock types occurring within the complex. Tiresent project aims to characterise the eudiatyteralisation
associated with lujavrites from the Pilanesberglatle complex. The lujavrite studied occurs asranate ring-dike
unit in the southern part of the complex.

Eudialyte, a sodium, calcium, cerium, iron, manganeirconium hydrous silicate, is a complex mihendoich
creates difficulty when trying to analyse it. Cdhafpon of mineral chemical data on eudialytes fralifferent
alkaline complexes around the world indicates thate are two main groups of eudialyte, with théi/Fe ratio
being important. The first group which is richiion is formed by magmatic processes; the secomdarzganese-
rich EGM forms by post-magmatic or hydrothermalgasses. Mitchell and Liferovich (2006) identifieddialyte
within aegirine lujavrites from the Pilanesbergadilke complex; these eudialytes are believed te Hmeen altered
due to hydrothermal processes. The eudialyte migstudied from the Ledig lujavrites in this stuadg rich in iron
and show a magmatic to late-magmatic origin. Téwdyemagmatic origin of eudialytes studied heregghand in
hand with their general association with amphil{&ligure 1A and B), similar to those reported frdme titerature.
Our compilation exercise using mineral chemicabhddtows that early magmatic eudialytes (Figure d€C@) are
associated with specific mineral assemblages, wpdst-magmatic or hydrothermal ones are associaféu
different minerals. Preliminary Ar-Ar isotope stesl have been carried out on the eudialytes frar_#dig region,
resulting in two prominent ages which could posshti® linked to the two processes.
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Figure 1: Some characteristic textures and mineral relatioships seen in the lujavrite from the Pilanesberg &hline
complex. (A) Back-scattered electron image and (B) photomicrograph in plane polarised light of euhdral amphibole
grains with a poikilitic texture. (C) Photomicrograph in plane polarised light and (D) back-scattereelectron image of an
anhedral poikilitic eudialyte grain containing nepheline inclusions.
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Hf isotopes and the ratio of Hf to Hf'"” are powerful indicators of how and when the cifosined
because of the supposed complementary reservoiesirathed continental crust and depleted mantle,
coupled with the strongly incompatible propertiésid Model ages reflect when separation took plate
crustal material from the mantle source. Zircorss widely used in Hf isotope studies because of the
relative ease of measurement and high precisicair@at. Relatively few zircons plot between theetim
integrated depleted mantle curve and that for wewst indicating that pre-existing crust has been
recycled into the mantle for at least the last IBobi years (Hawkswortlet al, 2010); Dhuimeet al,
2011).

The Bushveld Complex has long been known to hasteomg crustal signature (Kruger, 1994) but recent
studies of primitive sequences in the Lower Zoneeh@vealed the existence of early-stage primitive
magmas that gave rise to high-Mg olivines (Fo91h&j are consistent with a primitive mantle soufge.
least two such magmas were present with one havi®§6 MgO, possibly of komatiitic origin, and the
other a precursor to the popular B1 magma with%aigO (Wilson, 2012a; Wilson 2012b; Yadovskaya
et al, 2012). The interaction of crust and mantle sesirmm controlling the parental magmas to the
Bushveld Complex may hold the key to understandsignormous mineral wealth.

As part of this understanding a study has beenuwmiad on Hf isotopes in zircons from the Bushveld
Complex from a range of environments and is prelani to a much more detailed study currently
underway. Zircons were extracted from Critical Zoweks, the Merensky Reef, the Main Zone and
Upper Zone. U-Pb ages, internal zoning patternseral inclusions and Ti-in-zircon thermometry rdvea
that the zircons of all units crystallised at ca05% Ga from quartz-saturated melts at variable
temperatures: Merensky Reef (890°C), Critical advér Main Zone (>850-800°C), and Upper Zone
(>730°C). Despite these variations most zirconsashimilar Li, Y, and REE contents, and Eu/Ru*
Yb/Smy, Nb/Ta ratios, except zircons from the Upper Zdngportant trace element variations within
samples can be explained mostly by post-zircon tir@iteration, which is reflected by diffuse zoning
patterns, dark CL, and high Ca, Li and/or Fe casteRecrystallized melt inclusions in zircon, rdvea
granitic to ultramafic to mafic compositions, anidththat the zircons formed from highly evolved and
diversified intercumulus melts, perhaps in disaéftilm with the surrounding cumulus phases.

The Hf isotope data reveal that most of the magpaasntal to the different Bushveld units were low-
radiogenic, and contained important amounts of naidar crust, which was either assimilated durhmej t
emplacement of Bushveld magmas at 2.06 Ga, andice likely re-molten within the SCLM, where it
resided for up to 1.5 billion years; perhaps renmaih much older, hydrothermally altered oceanigstr
(>85%) and felsic crust (<15%), that became “submllicduring the various stages of amalgamation of
the Kaapvaal Craton at 3.25, 3.0 and 2.7 Ga.
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Bybee, Grant Univ. of the Witwatersrand Ph.D. grant.bybee@wits.ac.za
Cawthorn, Grand Univ. of the Witwatersrand grant.cawthorn@wits.ac.za
Clemens, John Univ. of Stellenbosch jclemens@sun.ac.za
Coetzee, Grace Univ. of the Witwatersrand M.Sc. Mouse88g@gmail.com
Costin, Gelu Rhodes Univ. g.costin@ru.ac.za

Cross, Clayton Univ. of Cape Town M.Sc. crscla002@myuct.ac.za
Deseta, Natalie Univ. of the Witwatersrand Ph.D. Suridae@gmail.com

Dixon, Roger Univ. of Pretoria Ph.D. alchemy@global.co.za
Elsburg, Marlina Univ. of Kwazulu-Natal elburg@ukzn.ac.za

Ferreira, Marnus Univ. of Pretoria M.Sc. ferreira.marnus@gmail.co
Frei, Dirk Stellenbosch Univ. dirkfrei@sun.ac.za

Gauert, Christoph Univ of the Free State gauertcdk@ufs.ac.za
Glynn, Sarah Univ. of the Witwatersrand M.Sc. Sarahglynn22 @gmail.com
Gumsley, Ashley Univ. of Johannesburg M.Sc. agumsley@gmail.com
Harris, Chris Univ. of Cape Town chris.harris@uct.ac.za
Hlaole, Keabetswe Rhodes Univ. NRF - intern kdhlaole@gmail.com
Howarth, Geoffrey Rhodes Univ. Ph.D. £04h0067 @campus.ru.ac.za
Janney, Philip Univ. of Cape Town Phil.janney@uct.ac.za
Jolayemi, Olutola Univ. of Pretoria Ph.D. Tj_tls@yahoo.com
Kennedy, Bianca Univ. of the Free State M.Sc. kennedybia@gmail.com
Klausen, Martin Stellenbosch Univ. Klausen@sun.ac.za
Kramers, Jan Univ. of Johannesburg jkramers@uij.ac.za

Le Roux, Petrus Univ. of Cape Town petrus.leroux@uct.ac.za
Mahmood, Fahad Univ. of Pretoria M.Sc. faadmd@gmail.com

Maila, Ramphelane Univ. of the Witwatersrand Hons. ramphelane.p@gmail.com
Markram, Justine Univ. of the Free State M.Sc. justine.markram@gmail.com
Masango, Samson Univ. of Pretoria M.Sc. Samson.masango@up.ac.z
Mavikane, Khensani Univ. of Pretoria M.Sc. ksImavikane@gmail.com
Mhlanga, Solani Univ. of the Witwatersrand Hons. mhlangas4@gmail.com
Ossa-Ossa, Frantz Univ. of Johannesburg Ph.D. Ossaf@uj.ac.za




Owen-Smith, Trishya Univ. of the Witwatersrand Ph.D. trishya.owen-smith@students.wits.ac.za
Prevec, Steve Rhodes Univ. s.prevec@ru.ac.za
Purchase, Megan Univ of the Free State Ph.D. purchasemd@ufs.ac.za
Reinhardt, Juergen Univ. of KwaZulu-Natal reinhardtj@ukzn.ac.za
Roberts, James Univ. of Pretoria James.roberts@up.ac.za
Roelofse, Freddie Univ of the Free State roelofsef@ufs.ac.za

Royi, Marcia Rhodes Univ. M.Sc. marcia.knock@gmail.com
Schoch, Alva Univ. of the Free State aesc@iafrica.com

Steen, Robert Univ. of Pretoria M.Sc. robsteenl@hotmail.com
Stevens, Gary Stellenbosch Univ. gs@sun.ac.za

Tibane, Victor Univ. of Pretoria M.Sc. victor.tibane@up.ac.za
Tredoux, Marian Univ of he Free State miredoux@ufs.ac.za
Turnbull, Sara Univ. of Johannesburg M.Sc. sarajane136@gmail.com

Wilson, Allan

Univ. of the Witwatersrand

Allan.wilson@wits.ac.za

Some local information:

Reliable taxi companies

Bloem Taxi

Happy Cabbies

MAS cabs

Phalima Shuttle Service

0514333776 /072349 9738

086 14 277 9222
073 8693155/7975443
082 575 1549

Some of the nearby restaurants (see Bloemfontein map in the voyer):
On campus: Thakaneng Bridge and Foodzone Convenience Store
Off campus (all reachable in <10 minutes):

©CoONOUAWNE

10. Bella Casa (supper): Italian

11. Avanti (lunch and supper): Italian
12. Mr Chinese (lunch and supper): guess what?

Coobah (lunch, supper, cocktails): laid back

Burning Spear Spur: you know what to expect

House of Bread (lunch): coffee house

Mimosa shopping mall: many options for both lunch and supper

Mystic Boer (supper - pizzas only): rock music hang-out, mainly SA bands
Oolong Lounge (supper): eastern fusion
Barba’s: pub

Cubafia (supper): cocktail lounge and light meals

. New York (supper): upmarket steakhouse, but not too pricy

13. Waterfront shopping mall: many options for both lunch and supper




