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INTRODUCTION

The year 2015 has been one of consolidation of the PPM Centre and its new coexistence with the DST-NRF
Centre of Excellence for integrated Mineral and Energy Resource Analysis (CIMERA). The division of roles

is clear: one is a Research Centre within the framework of the University of Johannesburg, funded by its
University Research Council, while the other is an inter-university Centre of Excellence, funded nationally. A
win-win situation developed. Two new senior academic posts pledged by UJ in connection with CIMERA were
created, and as a result the Geology Department, and PPM, could welcome two new Staff members in 2015:
Prof Sebastian Tappe, an expert on kimberlites and the Earth’s mantle, and Dr Jérémie Lehmann, a structural
geologist with extensive experience in the Pan African orogenic belts, who both also already contributed to
the PPM brand. Nevertheless, in order not to be a shadow of the larger CIMERA Centre, PPM has had to heed
the call by UJ to some extent, to reinvent itself: taking advantage not only of the UJ culture in this regard, but
also of the fact that URC funded Research Centres have somewhat greater freedom of movement than the
larger DST-NRF funded ones. In this sense the diversification into areas of research not originally the core
focus of PPM (Paleoproterozoic Mineralization) is continuing, encompassing coal petrography, the study of
mobile belts, environmental and medical geology, and work related to hominin evolution. An enormous boost
to research in all these fields will be the establishment of the new laser ablation MC-ICP-MS laboratory, with
the Nu Instruments Plasma Il instrument having been delivered, assembled and successfully tested in October-

November 2015.
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RESEARCH HIGHLIGHTS AND NEWS

In 2015, 6 Msc student registered to
undertake coal related projects at UJ
under the supervision of Prof Wagner.
Most projects use coal petrography
as the main analytical tool. Projects
include: 1) Lateral comparison of coal
composition in Botswana coalfields
through the use of coal petrography (in
collaboration with Analytika Holdings,
Botswana, funded via CIMERA); 2)
Petrographic consideration of the
impact of the Tshipise fault on coal
quality in the Soutpansberg coalfield
(in collaboration with CoalofAfrica;
funded by TESP Eskom grant); 3) A
Chronological Study of the Effect of
Oxidation on Coal in an Underground
Mine (in collaboration with Sasol;
funded by Sasol); 4) Petrographic
study of Waterberg coals during
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Coal Petrography

heating (topic still to be refined) (in
collaboration with Exxaro; funded by
Exxaro); 5) Consideration of Rare Earth
Elements (REE's) associated with coal
and coal ash in South Africa. (funded by
CIMERA); 6) The temporal and spatial
variation of coal quality and mineability,
with the focus on the Mpumalanga
Coalfields (funded by CIMERA).

Other research projects for non-degree
purposes include: 1) Production of

a southern African coal and carbon
petrographic atlas (printing funded by
Coaltech, in collaboration with Wits
and CGS); 2) Successful award of a
ERA-MIN project with an international
consortium for a project “Coal char as a
substituting material of natural graphite
in green energy technologies” (to
commence in 2016). Small consulting

projects requiring petrographic
analyses were also undertaken, as
well as detailed coal petrography for
students registered at other academic
institutions (Wits, UP) and with other
supervisors. These projects included
petrographic assessments of the
Wankie coalfield and the Springbok
Flats coalfield, assessment of the
impact of a dolerite dyke on coal
properties, and shale gas exploration
projects.

In 2016, Prof Wagner received full ICCP
accreditation for single coal analysis
(SCAP), blend coal analysis (CBAP),
and vitrinite reflectance of dispersed
organic matter (DOMVR). She was also
elected onto the ICCP Council as the
new Editor of the ICCP Newsletter.



Installation of the multicollector inductively coupled mass spectrometer

The Nu Instruments Plasma Il machine
was delivered in the first week of
October 2015. The very careful
measurements of the C1 Lab goods

lift taken by Marlina Elburg proved
accurate, and the largest component,
after uncrating, fitted with 2 cm to spare.
Other challenges came up from time

to time, such as a forklift being the only
suitable way to position the magnet (see
figure). The first ion beam was signaled
just a week after start of the assembly,

(MC-LA-ICP-MS)

and there followed a long series of tests
related to the set specifications, which
were all met. Long (maintenance) and
short (user) courses were subsequently
run, with participants from Wits also
taking part in the latter: cooperation
with the Wits School of Geosciences is
an essential part of this isotope project,
as Wits is constructing an untraclean
laboratory. While awaiting the arrival of
the laser the instrument was immediately
put to use for analyses from solutions.

Inportantly, CIMERA agreed to fund the
salary of an instrument scientist to take
care of the laser and MC-ICP-MS combo,
and late in 2015 the interviews took
place and Ms Henriette Ueckermann,

a South African who has gained
extensive experience with this type of
instrumentation in several countries in
Europe, was offered and accepted this
position which is crucial to the success of
the project.

Prof. Marlina Elburg precisely positioning the 450 kg magnet as it is held aloft using a forklift

Medical Geology goes international

As medical geology is not available
as a student research topic in many
countries in Africa, the appeal of

the subject has reached outside our

borders and in 2015 two MSc students
from Kenya, Ms Christa Koki and Mr
Patrick Gevera, have joined Prof.
Mouri's Medical Geology team, both

researching topics related to rural
communities in Kenya.
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The Homo naledi discovery and PPM’s involvement

In September 2015 the discovery and
description of the Homo naledi fossils
from the Rising Star cave system near
Sterkfontein was given worldwide
publicity, and of particular interest was
the conclusion drawn by the team that
this species, although small-brained,
possessed a culture that apparently
involved disposal of the dead.

Although Wits University hosted the
media event, there was significant UJ
involvement in the work. In the Faculty
of Health Sciences, Dr Shahed Nalla
carried out part of the descriptive

and interpretive work on the fossils
themselves. The PPM involvement goes
back to the very beginning. Mr Pedro

Boshoff, a team leader in the systematic
cave exploration programme
conducted by Prof Lee Berger, let
down a camera on a string to where
Rick Hunter and Stephen Tucker had
entered the Dinaledi Chamber. He
realized that a mandible pictured was
possibly hominin, and alerted Prof.
Berger. The connection is that Pedro
Boshoff is also a part-time MSc student
in PPM, studying speleogenesis.

Later, Georgy Belyanin and Tebogo
Makhubela carried out detailed
mineralogical and geochemical studies
on cave earth (‘soil’) in different parts
of the cave system. They found that,
while the floor in most parts of the

A NEW TEXTBOOK PUBLISHED

UNDERSTANDING
MINERALS &

Cairncross, B. and McCarthy, T.S. (2015).

Understanding Minerals & crystals. Struik

system is dominated by fine quartz
sand obviously derived externally, the
froor of the Dinaledi Chamber, where
the fossils were found, is very different:
it consists mainly of fragments of
mudstone derived internally (remnants
of layered mudstone deposits still
adhere to the walls of the chamber),
and is effectively devoid of components
derived from outside the cave. This
became one of the important pieces

of evidence, in the paper on the
geological and taphonomic context,
for the conclusion that the fossils could
not have been transported into their
present position by any natural process.

Nature Random House Struik Natural History

Publishing, Cape Town, 312 pages.

This book first provides an introduction to

chemical bonds within crystals, the reason why
crystals form and the conditions under which

CRYSTALS

they form. It further discusses crystal and mineral
properties, and includes a mineral identification
key based on these. The second part deals with
systematic descriptive mineralogy, detailing over
80 important minerals with excellent illustrative
material. This is an undergraduate textbook as
well as a vademecum for any mineral enthusiast.




RESEARCH PROJECTS AND PROGRESS

Geometallurgy and Economic Geology

A GEOMETALLURGICAL ASSESSMENT OF THE P1 AND P2 UNITS OF THE PLATREEF
AT LONMIN’S AKANANI PROJECT, NORTHERN LIMB, BUSHVELD COMPLEX

G. Boikanyo Motloba, Fanus Viljoen and Bertus Smith

The Akanani prospect is situated in the
Central Sector of the Platreef on the
northern limb of the Bushveld Complex
[1]. Mineralisation is primarily restricted
to the P1 and P2 geological units of the
Platreef at Akanani. Mineralisation in
the P1 Unit is erratic, and occurs over

a wide vertical interval. In contrast, the
overlying P2 unit is more uniformly
mineralised, with generally higher
grades than P1.

Previously published studies of

the Platreef focused mainly on an
understanding of its geology and
mineralogy, with published insights
into its processing behaviour being
comparatively rare. The present study
therefore aims to investigate the
geometallurgical nature of the P1 and

P2 units of the Platreef at Akanani,

with a focus on the influence of various
ore properties (mineralogy, sulphide
grain size, sulphide liberation) on

the recovery of the platinum group
elements (PGE), as well as nickel (Ni),
copper (Cu) and sulphur (S).

Various ore types were sampled. These
include feldspathic, serpentinised and
olivine bearing pyroxenite occurring

in P1 and P2 units. Orthopyroxene,
clinopyroxene and plagioclase are the
dominant primary silicate minerals, with
serpentine the dominant secondary
silicate. Base metal sulphides comprise
dominant pyrrhotite, along with
pentlandite and chalcopyrite. The

size distribution of the sulphides is
variable, with the finest encountered

in the serpentinised pyroxenite, and
the coarsest sulphides occurring in the
feldspathic pyroxenite. Milling times,
required to reduce these ore types to
60% passing 75 micron, are variable,
with feldspathic pyroxenite milling the
fastest, and serpentinised pyroxenite
the slowest. Levels of liberation upon
milling are comparatively poor for

the serpentinised pyroxenite, and
significantly better in the case of the
feldspathic pyroxenite. This is mirrored
by the recovery of the PGE from the
various ore types, with poor recoveries
associated with the serpentinised
pyroxenite and better recoveries
associated with the feldspathic
pyroxenite.
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Figure 1: Cumulative concentrate grade as a function of cumulative recovery, for the samples collected
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from P1 and P2 at Akanani.




A GEOMETALLURGICAL STUDY OF THE MINERALIZED FOOTWALL UNDERLYING
THE BRAKSPRUIT FACIES OF MERENSKY REEF AT THE LONMIN KAREE PT MINE,
BUSHVELD COMPLEX, SOUTH AFRICA

M. Ernest Moitsi, Fanus Viljoen and Mike Knoper

The geological and mineralogical
characteristics as well as the
metallurgical (flotation) response of
mineralised footwall [platinum group
elements (PGE), gold (Au), sulphur (S),
copper (Cu), nickel (Ni)] to Merensky
Reef at the Karee Mine of Lonmin PLC,
was investigated. Local grade of 2-4 g/t
6PGE is encountered in the mineralised
footwall, which compares with a facies
grade of ~7 g/t 6PGE in the overlying
Merensky Reef. The continuity of

this style of mineralisation is poorly
understood, resulting in increased
uncertainty of grades and recovery
prediction in considering processing

of this ore type, leading to a lack of
predictive capability when dealing with
this ore type in processing.

Various geological and metallurgical
parameters such as mineralogy, grain
size distribution, liberation upon
milling, and flotation response, were
determined, and compared to the
overlying Merensky Reef (the Brakspruit
facies type). Base metal sulphides in the
footwall (the likely host of the platinum
group elements) comprise of dominant
pyrrhotite, along with pentlandite and
chalcopyrite. These are finer grained in
the footwall than in the Merensky Reef.

Footwall ore material mills faster than
ore from the Merensky Reef (in order to
achieve a target grind of 60% passing
75 micron, commonly used throughout
the Bushveld Complex for the
processing of Merensky Reef ores [1]).
Liberation of sulphides upon milling

is lower for the footwall than for the
Merensky Reef. The flotation efficiency
is also lower in the footwall than for
Merensky Reef (i.e. lower concentrate
grades are encountered in the initial
stages of flotation) (Figure 1), which

is likely a consequence of the lower
level of liberation of the footwall upon
milling, relative to Merensky Reef.

25,00 5.00
- 450 |
¥ oo ¥ 400 \l
. s 350
E 15.00 g 300
- d 3 250 "
£ 0o ~ £ 200
3 E 1.50 e c
E £.00 310
0.50
0.00 0.00 - - -
[ . &0 &0 £ 100 0 @ a0 60 Y 100
A:S Cumulative Recovery (%] B:Cu Cumulative Recovery (%] = Footwal
7 003 I —&- BK Merensky Reef
;f{: B.00 =] gt_ng
£ z B
E 500 g 00z
4,00 13 i 1\
£ a0 % : ~
3. 2 om |
E 200 4 5
Y 00 4 S om
000 v v T T oo T r T T
a 20 an &0 £ 100 0 20 a0 £ 80 100
C: Ni hﬂmﬁr‘ﬁlﬁﬂmﬁl D. EPGE+AUEWHH‘EN Riscavary (%)
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UNUSUAL MANGANESE ENRICHMENT IN THE MESOARCHEAN MOZAAN GROUP,
PONGOLA SUPERGROUP, SOUTH AFRICA

Frantz Ossa Ossa®' Axel Hofmann®, Olivier Vidal®, Jan D. Kramers®, Georgy Belyanin®,

Barbara Cavalazzi®“.

*Department of Geology, University of Johannesburg, Auckland Park 2006, Johannesburg, South Africa;
bLGCA, UMR 5025, Université Joseph Fourier, 1381 rue de la Piscine, BP 53, F-38041 Grenoble Cedex 09, France;
“Dipartimento di Scienze Biologiche, Geologiche e Ambientali, Universita di Bologna Via Zamboni 67, 40126

An unusual manganese deposit

is described, associated with un-
weathered rocks of the Mesoarchean
Mozaan Group (Fig. 1), Pongola
Supergroup, South Africa. The
observed MnO contents can reach

15 wt.%. These values are interpreted
as resulting from the hydrothermal
alteration of ferruginous shale and BIF
parent rocks, the primary MnO contents

Bologna, ITALY;

of which were as high as 8.53 wt.%.

A detailed mineralogical and
petrographic study shows that

these parent rocks are characterized
by manganoan siderite and other
Mn-Fe-rich mineral phases such as
kutnahorite, Fe-Mn-chlorite, magnetite
and pyrite (e.g. Fig. 2). In the absence
of supergene processes, their thermal
alteration allows a diversification of

mineral assemblages where ferroan
tephroite, calcian rhodochrosite,
rhodochrosite, pyrochroite, jacobsite,
manganite, pyrophanite, cronstedtite,
manganoan Fe-rich chlorite,
manganoan phlogopite, hematite and
pyrite may replace partially or totally
the previous mineral assemblage (e.g.
Fig. 2).
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Fig. 1. Stratigraphic column of drill core TSB07-26 of the lower Mozaan Group and details of the studied successions of the Singeni
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Fig.2. Characterization and relationship between mineral phases in the Mozaan Group. A. Backscattered electron image of carbonate-rich
lamina interlayered with silica- and iron oxide-rich lamina. B. Backscattered electron image of carbonate-rich shale bed characterized by
manganoan siderite (Mn-Sd 2), pyrite (Py) and Fe-rich chlorite (Fe-Chl) in foliation domains. C-D. Backscattered electron image showing
manganoan siderite (Mn-Sd 1&2) associated with kutnahorite (Kut) in image C. E-F. Backscattered electron images of late metamorphic

phases, including Fe-Mn-Chlorite (Fe-Mn-Chl), pyrophanite (Pyr), cronstedtite (Cstd) and rhodochrosite (Rds) partially replacing early
metamorphic phases that include Fe-chlorite (Fe-Chl) and phlogopite (Phl) defining the foliation. G. Backscattered electron image of fracture
fillings characterized by ferroan tephroite (Fe-Teph); rhodochrosite (Rds); cronstedtite (Cstd); manganoan phlogopite (Mn-Phl) and quartz
(Qtz). H. Backscattered electron image showing early carbonate phases, Mn-Sd 2 and kutnahorite (Kut), partially or totally replaced by late
pyrochroite (Pcr) and jacobsite (Jcb).




Thermodynamic modeling performed
on chlorite phases associated with
the described mineral assemblages
illustrates a decrease of average
crystallization temperatures from ca.
310 = 54 °C at early metamorphic
stages to ca. 244 + 41 °C in mineral

phases associated with late fluid
circulation (Fig. 3). This suggests that
an event of retrograde metamorphism
involving fluid circulation or
hydrothermal alteration post-dating
metamorphism could have controlled
mineral transformation processes. Such

a mineral transformation would have
been accompanied by local metal
remobilization allowing a progressive
Mn enrichment from unaltered parent
to altered rocks (Fig. 3).

Tvoe of Major minerals | Minor minerals Temperature
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Fig.3. Synthesis of Mn-rich mineral parageneses and thermal events related to their occurrence

OAr/¥Ar dating suggests that a late,
separate hydrothermal event could
have controlled mineral transformation
and related Mn enrichment between
about 1100 and 1500 Ma ago (Figs.

3 and 4). Ferruginous shale and

BIFs of the Mozaan Group may
represent an exceptional example

for Archean manganese deposits

belonging to the oldest known
examples of Mn deposition. This
study shows for the first time that, in
the absence of supergene processes,
low grade manganese associated
with Mesoarchean sedimentary
formations of the Kaapvaal Craton
could represent a primary constituent
related to the deposition in a shallow

marine environment where oxygenic
photosynthesis would have acted

as a first-order control during Mn
precipitation. Such a hypothesis
opens a new window for a better
constraining of the redox conditions
in seawater, as well as oxygen levels in
the atmosphere-hydrosphere system
during the Archean Eon.
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A PETROGRAPHIC AND GEOCHEMICAL ANALYSIS OF THE KALAHARI MANGANESE
DEPOSIT, NORTHERN CAPE, SOUTH AFRICA

Lauren C. Blignaut, Fanus Viljoen and Harry Tsikos

The largest and most significant deposit
of the + 2220 Ma Kalahari Manganese
Field (KMF) is the 320 km, Kalahari
Manganese Deposit (KMD). The
manganese (Mn) is exploited from three
beds that are interbedded with hematite
lutite and banded iron formation [1].
The northern KMD ores were affected
by hydrothermal alteration, involving
carbonate dissolution and the removal
of CO,, and the introduction of alkali
elements, base metals and iron into

the system [2]. Normal and thrust

faults were important in localising

the alteration system, as they acted

as conduits for hydrothermal fluids

[3]. However, these were not the only
factors that contributed to the alteration
of the ores. Another possibility for

this enrichment involved the flow of
isotopically light fluid throughout large
parts of the KMF, which was related to
the Hotazel/Olifantshoek unconformity
[4]. The Mn is divided among the low-
grade Mamatwan and the high-grade
Wessels-type ores, with the latter being

constrained to the northern part of

the KMD [5]. The lowermost Mn bed

is the thickest and most Mn-rich and,
thus, most favourable for mining [1]. A
thorough understanding of the ore (the
genesis and alteration of the ore, which
includes both the upper and lower ore
bodies, the spatial distribution of the
mineral assemblage, as well as the fluid-
rock interactions) is essential, in order to
optimize exploitation and maintain the
high quality and quantity output of the
ore.

Figure 1: Mineralogical and textural associations of the upper bed. BSE images of N941_14 (A) coarse-grained hematite matrix with inclusions
of lizardite. Braunite-Il with caryopilite (Cp) core with inclusions of apatite. (B) Subhedral hematite patches enclosed in ‘needle-like’ jacobsite
with interstitial lizardite. (C) Fine-grained, needle-like hematite intruding into the jacobsite and manganite grains with lizardite inclusions.
BSE images of the lower bed of (D) N941_21; Mn-calcite and jacobsite patches enclosed by ‘oolitic-type’ textures or layers of variable
hausmannite. (E) N941_21; Mn-calcite veining with lizardite inclusions and an intergrowth of the hausmannite matrix. (F) N94|_21; Mn-calcite
veining with interlayering of differing hausmannite fluid structures or layers, with inclusions of hematite and barite.
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Oxides, carbonates, hydroxides and
silicates dominate the mineralogy of
the Mn beds (Fig. 1). The protolith
and low-grade ores are comprised

of a braunite-kutnohorite-hematite
assemblage, with coarse-grained
carbonate ovoids, lenticles and
laminae. The high-grade ores,
however, are composed of a braunite-
[I-bixbyite-hausmannite assemblage
with minor hausmannite and calcite
textural features. Mn;0,, Fe, 05, CaO,
MgO and Fe,O; dominate, with an
overall increase in Mn;0, and Fe, O,
and a decrease in SiO,, MgO and
CaO with increasing ore grade. The
depletion of these elements indicates

References:

carbonate leaching, as well as the
replacement of braunite by braunite-
I, bixbyite and hausmannite during
the Wessels alteration event [1]. The
upper body contains higher Fe,O5
and SiO, abundances, suggesting a
possible BIF-dominated environment,
whereas higher CaO abundances in
the lower body indicate a possible
carbonate depositional environment.
The trace elements vary significantly
with ore grade and depth. Only Ba,

Sr and B show an evident increase in
concentration from the protolith to the
high-grade ore, suggesting an addition
of these elements by fluid. Boron (B) in
particular is an important component
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of this study, as concentrations >400
ppm are highly detrimental to the
steel quality. B abundances fluctuate
between the Mn beds, but overall
shows a higher average abundance
within the upper bed. B maybe
mineralogically controlled as the
highest concentrations show large
abundances of braunite/braunite-

I, gaudefroyite and bixbyite. Rare
Earth Element (REE) analysis indicates
enrichment in heavy over light REE,
and an overall increase in REE with

an increase in alteration. The REE
signature is similar to that of the
present day deep ocean level seawater.

CLASSIFICATION OF DIAMOND SOURCE ROCKS IN THE WAJRAKARUR KIMBERLITE
FIELD OF SOUTHERN INDIA, USING MINERAL CHEMISTRY

The mostly diamondiferous Wajrakarur
Kimberlite Field (WKF) of Southern
India comprises about 30 kimberlites.
These represent widespread potassic
intracratonic magmatism, emplaced
mostly as pipes in Archean granites
and gneisses. The nomenclature of
these rocks remains controversial and
they have been variously assigned

as kimberlites (Group 1), orangeites,
lamproites and ultramafic lamprophyres.
For the present study, twenty reasonably
fresh kimberlites from the WKF field
were examined in detail, and then
classified using a mineralogical-
genetic classification based on the
UGS classification scheme for igneous
rocks [1,2]. All the pipes exhibit an
inequigranular rock texture, with
macrocrystic and megacrystic olivines
occurring in a finer grained matrix of
phenocrystic olivine, as well as variable
guantities of groundmass spinel,
perovskite, monticellite, carbonate,
phlogopite, clinopyroxene and Ti- rich
garnets. The presence of abundant
olivine (macrocrysts and phenocrysts),
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primary calcite, perovskite, monticellite,
along with the Al- and Ti-poor nature

of phlogopites and diopsides, as

well as the absence of sanidine and
K-richterite, precludes their classification
as lamproite.

The presence or absence of
groundmass clinopyroxene in these
rocks (for example) have been used
to discriminate Group | kimberlites
from orangeites, lamproites and
ultramafic lamprophyres. In the present
study the distinction is based on
mineral compositions. Groundmass
clinopyroxene is abundant in 11 of
the pipes, while it is absent in the
remainder. The 9 pipes which do

not contain clinopyroxene have low
phlogopite abundances, along with
strong Al,O5 enrichment (up to 20
wt. %) in the phlogopite, typical

of Group | kimberlites. Spinels are
mostly aluminous with Cr/(Cr+Al)<50
(molar) and falls into the magnesian
ulvospinel trend (kimberlite trend 1)
on the projected front face of the
reduced spinel prism, again confirming

a classification as Group | kimberlites.
In contrast, one pipe in the Lattavaram
cluster shows an Al and Ti enrichment
trend in phlogopite and diopside which
is typical of ultramafic lamprophyres
(UML). In this instance the spinels are
restricted to the ‘titanomagnetite’
trend (kimberlite trend 2) and are
compositionally similar to those in the
Sarfartoq UMLs of West Greenland.
The presence of amphiboles,

diopside and Ti-Zr rich garnets in

the rock groundmass also supports a
classification as UML.

Clinopyroxene in the remaining 11 pipes
are phenocrystic Al-Ti poor diopsides.
These intrusions are also characterised
by comparatively Al-poor phlogopite
(up to 3 Wt. % Al,O3) which is typical
for orangeites. Spinels are mostly
chromian spinels with compositions
Cr/(Cr+Al)>50, and fall into kimberlite
trend 2' compositions, again typical of
orangeites. Hence it is concluded that
these intrusions are all closely related
to orangeites ('Group Il kimberlites’).
This argument is supported by the



presence of the Cretaceous TK1 pipe radiogenic isotope systematics, it is clear source of orangeite magmatism), was

in the Timmasamudram cluster, which from this kimberlite that metasomatized already in in existence at ~1100 Ma in
has an orangeite affinity [3]. Based on subcontinental lithospheric mantle (the the mantle below the WKF.
References:
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MODE OF URANIUM OCCURRENCE AND DISTRIBUTION IN COALS OF THE
SPRINGBOK FLATS BASIN

. 1,2 2 . 2 . 2
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and Wojciech Przybylowicz
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In a project focusing on the nature of clastic sediments, five boreholes were report for 2014), the nature of the

the remarkably high uranium content drilled that intersected all coal zones. demonstrable uranium mineralization
in coals from the Vryheid Formation While vein-type uranium mineralization in the coal itself (Figure 1) remained a
in the Springbok Flats basin, as well was found in mudrocks overlying mystery.

as the provenance of the associated the uppermost coal zone (see PPM

Figure 1 . Radioactive coal with calcite cleats and lenses of mudstones. Sample 3.2 from Borehole 3
with 1968 ppm U

We have carried out Proton Induced (shown in Fig. 2 for one sample) is syngenetic. This has important
X-ray Emission (PIXE) analysis of demonstrate that U is not present in consequences for any potential

coal using the proton microprobe fractures or cleats, but is uniformly projects envisaging combined coal-
at iThemba LABS in Somerset West distributed in the coal matrix itself and uranium mining, or undeground coal

to address this problem. The results thus it is highly likely that its enrichment ~ gasification.
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Figure 2 . Reflected light microphotograph and PIXE maps (C, S, U, Fe, P, Ca and Mn)
of a coal sample as shown in Fig. 1. Uranium is seen to be disseminated in organic
components in coal and not hosted in a discernible (> 1 pm) mineral phase, or in cleats.



The effect of dolerite intrusions on the shale gas potential of the Ecca Group in
borehole from the central Karoo Basin.

Elijah Adeniyi, Nic Beukes and Michiel de Kock

The shale gas reserve of the Ecca
Group has been estimated to be
between 13Tcf to 485Tcf covering

an area of about 155, 000 km?.
However, these estimates do not

take into account the thermal effect
of voluminous Jurassic-aged igneous
intrusions within the basin. This
research aims to quantify the changes
in mineralogy and chemistry of Ecca
Group mudrocks in proximity to
dolerite intrusions in borehole PP47;
about 1400meters deep, near Phillipolis
in the central part of the Karoo Basin
(S 30.29° E 025.24°). We report on a
suite of analyses that include optical
microscopy, x-ray diffraction (XRD)

on bulk and oriented clay mineral

separates, RockEval pyrolysis, Vitrinite
Reflectance, total organic carbon
content (TOC) and organic carbon
isotopes (613Corg). The mudstones

are poorly sorted and grain sizes
range from clay to silt-sized particles.
The dolerites are medium-grained,
with euhedral rectangular laths of
plagioclase, clinoproxene, poikilitic
orthopyroxene, quartz, and pyrite.
Pyrite is a prominent constituent in the
mudstones close to intrusions. XRD
analyses of mudrock samples reveal
quartz, chlorite, illite, and feldspar as
dominant mineral phases (Figure 1).
lllite crystallinity measure with Kubler
Index increases with depth and in
proximity to dolerite accompanied by a

decrease in chlorite abundance (Figure
2). TOC and 613Corg composition
appear to be mainly controlled by
lithological variation; the shales are
enriched in TOC and 8'3C, relative to
siltstone. There is also an enrichment of
813C,q close to dolerite sills. RockEval
and Vitrinite Reflectance (Figure 3)
analyses indicate the presence of

type Il gas prone kerogen. The initial
results show that the hydrocarbon
transformation in this borehole is
related to both the thermal evolution of
the basin and the impact of the dolerite
intrusions. Samples from the thermal
aureoles of intrusions and from near
multiple closely spaced intrusions have
been most affected.
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Figure 1: XRD diffractograms of the Mudstones Bulk and Oriented Clay Minerals
[<2pm]. HL: Chlorite. I/M: lllite/Mica. OTZ: Quartz. FSP: Feldspar
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Figure 2: BH PP47 Kubler Index (lllite Crystalinity) plotted against Depth and
compared with Western Bokkeveld Outcrops. (After A.V. Csaky) by Rowsell & de
Swardt (1976) The Kl index trends from the anchimetamorphism to metamorphism
boundaries by depth 1. Global trend: 3 to 1.5 index values at the upper vs lower part
of the borehole respectively. 2. Local trend: Kl reduces and increases around dolerite
within the mudstone facies; particularly at the three lower sills

a) Depth: 308.15m b) Depth: 766.64m

Figure 3. Samples 308.15m and 766.64m [far from intrusion]: No structure/orientation, very fine grained
and scattered organic matter, coarser quartz particles and frambiodal pyrite in optical observations.
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| ¢} Depth: 1004.63m
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d} Depth: 1011.25m

Figure 4. Samples 1004.63m and 1011.25m [close to intrusion]: Apparent orientation in organic
matter structure, layered and networked around quartz particles with pyrite inclusions. They possess
significant highly matured organic matter that appears as a solid bitumen network and with values

that are consistent with gas generation zones.

MULTIFACTOR REVIEW OF NATURAL CARBONATE RESOURCES OF MALAWI| FOR

SMALL-SCALE PROCESSING

F. E. D. Senzani and A. F. Mulaba-Bafubiandi

A survey is being undertaken of all

calcite-bearing carbonate occurrences

in Malawi with a view to assess their
potential for small-scale mining. Since

the country is largely underlain by
igneous and metamorphic rocks and
clastic, non-carbonate sediments, the
occurrences are few but a number are

likely to be economically viable. Fig.
1 and 2 show all occurrences and the
major ones, respectively.

Size x CaC03%

& 01-05
& 06-1
3 & 12-17

18-23

Figure 1. Localities of all calcite-
bearing carbonate occurrences in

Malawi.

Figure 2. Main occurrences ranked
according to surface outcrop size x
CaCOg3 content.

Further factors to be considered in projecting economic viability of the deposits are distance from main roads, from the lake

and/or from perennial rivers.




Magmatism, Metamorphism and Tectonics
(and its Chronology)

DETACHMENT FOLDING OF PARTIALLY MOLTEN CRUST IN ACCRETIONARY
OROGENS: NEW MAGMA ENHANCED VERTICAL MASS AND HEAT TRANSFER
MECHANISM
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Hasalova®>, George Belyaninz, and Michel Corsini®
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The role of magma in deformation and

exhumation of partially molten crust in
exhumation of deep orogenic crust is a

a low-grade metamorphic envelope

the late Devonian-early Carboniferous interpreted as different crustal levels.
matter of debate in many accretionary Chandman dome in the Mongolian Its tectonic evolution can be divided
orogens. We use structural, tract of the Central Asian Orogenic into three main stages acting over a
petrological and geochronological

Belt. The dome is made of a high-grade  period of ~ 20 Ma. Horizontal fabric of

observations to examine processes of core of granitoids and migmatites and partially molten rocks and granitoids

. . D2 — early Carboniferous
D1 — late Devonian - early Carboniferous L .
. S i F2 diapir fold, protracted magmatism
influx of underpressured magma in hinge of crustal antiform ] ;

and exhumation of anatectic deep crust

P(kbar)

N

[— ] Flow direction [ Mantling migmatite
E Metamorphic isograds °©
+ crd, + and, + sil '«é [ ] Leucogranite

[ ] o-C undifferentiated g- Granitoid/orthogneiss
D Peripheral metasediment

(Tugrug Fm.) § Il Diorite

Figure 1. Idealized model of origin and evolution of the Chandman massif. (A) Initial stage showing onset
of shortening in upper crustal levels and influx of partially molten crust into future fold core (similar to
initiation of detachment fold of Bonini (2003), Fig. 12). (B) Final structure of the granite-migmatite dome
characterized by vertically extruded partially molten crust and its juxtaposition to upper-crustal rocks.
Lower inset shows cuspate-lobate geometry of migmatite and granitoid interface developed at ~ 350
Ma, and cross-cut by leucogranite dykes at ~ 340 Ma.
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developed as a result of horizontal
deep crustal flow at depth ~ 20 - 25
km. This stage was followed by upright
folding associated with influx of
partially molten crust into fold cores.
Subsequent upward entrainment of
these rocks was accommodated by
magma-lubricated steep transfer zones
coevally with isobaric heating of the
surrounding upper crust at ~ 10 km.
The dome formation is terminated

by brittle expulsion of magma along
vertical dykes parallel to upright

fold axial planes during continuous
cooling. We suggest that this

tectonic evolution is analogous to the
mechanical behavior of salt filling cores
of detachment folds. In our model

the fold core is initially filled by under-
pressurized and buoyant magma that
becomes rapidly overpressurized and
extruded upwards as the fold locks-up

similarly to salt diapirs in fold and-
thrust belts. It is the continuous lateral
shortening that triggers further vertical
extrusion of buoyant magma along
vertical dykes. In our view, detachment
folding model explains well the lateral
alternation of low-grade domains and
migmatite magmatite zones commonly
observed in accretionary orogens
worldwide.

AN AGE FOR THE PILANESBERG COMPLEX, AND INSIGHT INTO ITS MANTLE
ORIGIN: A PRELIMINARY REPORT.

The age of the Pilanesberg Complex
has long been a matter of controversy,
with ages between 1100 and 1400
million years having been reported
from various methods. In a new project
addressing this problem as well as

the petrogenesis and the origin of

Marlina Elburg

the magma, the new laser ablation
multicollector inductively coupled
plasma mass spectrometer (LA-MC-
ICP-MS) that became operational

in the beginning of 2916, has been
utilized. While zircon is absent, titanite
is sufficiently uranium-rich to provide

a date, and multiple analyses allow
the correction for common lead to be
made automatically Fig. 2). Further,
precise 8/Sr/8Sr measurements made
on the same instrument indicate
magma provenance from a primitive
(undepleted) mantle source (Fig. 3).

Figure 1. Thin section picture of sample of Green Foyaite, showing eudialyte,

aenigmatite, aegirine, alkali-feldspar and nepheline.
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Figure 2. Tera-Wasserburg diagram for 43 in situ titanite U-Pb analyses from 5 samples of
White Foyaite, obtained by LA-MC-ICPMS at the UJ Isotope Laboratory, housed in the

Spectrum Analytical Facility.
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the local subcontinental lithospheric mantle and other alkaline complexes (literature data).
The Pilanesberg Complex shows a signature of primitive mantle.



EARLY-MIDDLE JURASSIC MAFIC DYKES FROM THE H.U. SVERDRUPFJELLA,

ANTARCTICA

Mabuela Morake, Mike Knoper, Geoff Grantham, Jan Kramers and Marlina Elburg

The Early to Middle Jurassic break-up
of Gondwana produced large-volume
magmatic events, resulting in large
igneous provinces (LIPs) such as the
Karoo LIP in southern Africa and Ferrar
LIP in East Antarctica. The Early-Middle
Jurassic mafic dykes from Sverdrupfjella
located in western Dronning Maud
Land (WDML), Antarctica, are regarded
as part of the Karoo LIP [1]. These
dykes intrude both the Grunehogna
Province (an Archean basement
fragment in WDML thought to have
been a pre-breakup constituent of

the Kalahari Craton) and the Maud
Province (broadly co-eval with the
Mesoproterozoic Namaqua-Natal
metamorphic province in southern
Africa). The dykes intruding the
Grunehogna Province are considered
on-craton, whereas those intruding

the Maud Province are considered off-
craton.

The geochemistry and geochronology
of these dykes and basalts found in the
Grunehogna Province and the Maud
Province (Vestfjella, Heimefrontfjella
and Kirwanveggen) have been studied

by previous workers [e.g., 1) and have
been categorized into two groups: low-
Ti (TiO2 <2.5%) and high-Ti (TiO >2.5%)
groups. Based on published 40Ar/37Ar
ages of mafic dykes intruding the
Grunehogna Province (on-craton), dyke
emplacement occurred at ~178 Ma
and ~190 Ma [1]. The Vestfjella basalts
(off-craton) have K-Ar ages between
170-230Ma, and plagioclase K-Ar ages
at ~180 Ma [2]. The Kirwanvergen
basalts (off-craton) yielded a K-Ar

age of 172 + 10 Ma [3]. Mafic dykes

in Sverdrupfjella that intrude Early
Jurassic alkaline intrusive bodies
(Straumsvola, Tvora and Jutulréra) show
two 4OAr/3?Ar age peaks: one at 178-
175 Ma (Straumsvola) [4] and another
at 206-204 Ma (Jutulréra) [5]. These
dykes from the H.U. Sverdrupfjella

are characterized by low TiO, and Zr
contents. The dykes from Sverdrupfjella
(off-craton) strike dominantly NNE-
SSW, with dip angles ranging from 60°
to 90°. The strike trends are similar

to equivalent dykes from the on-

craton region of WDML (Grunehogna
Province, Almannryggen area) [1].

Samples collected from the

Sverdrupfjella are fine to medium
grained; the groundmass consists of
plagioclase, augite and minor amounts
of magnetite and ilmenite. Phenocrysts
consist of plagioclase, olivine (with
inclusions of Cr-spinel) and augite, and
pseudomorphs of euhedral olivine and
augite.

Unaltered dyke samples will be used
for further age determination using
40Ar/37Ar data. Rb-Sr and Sm-Nd
isotopic systematics will be used to
evaluate mantle sources and crustal
contamination. Initial 8Sr/86Sr ratios
and Nd epsilon values of unaltered
samples will be used to test models

of derivation and petrogenesis.
Isotopic ratios of 87Sr/86Srr ranging
from 0.703361 t0 0.711183, and

143N d/1*4Nd 180 epsilon values from 1
to -13 [6] would support derivation from
heterogeneous mantle sources with
melts affected by crustal contamination.
Geochemical and geochronological
data for the Early-Middle Jurassic dykes
from Sverdrupfjella will be used to
determine whether there is any overlap
with similar data from the Karoo and
Ferrar LIPs.
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Figure 1. A Karoo-aged dyke intruding banded gneiss

at Sverdrupfella.




PRIMARY MAGMATIC AMPHIBOLE IN ARCHEAN META-PYROXENITE
FROM THE CENTRAL ZONE OF THE LIMPOPO COMPLEX, SOUTH AFRICA
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Although not widely reported,
pyroxenites forming part of layered
ultramafic to mafic intrusions are
known from high-grade metamorphic
terrains. Like other mafic and ultramafic
members, pyroxenites generally
occur as dismembered remains of the
intrusion which was emplaced before
the high-grade metamorphic event(s).
In spite of the overprint events, these
ultramafic intrusions often preserve

the igneous minerals (e.g., olivine,
orthopyroxene, clinopyroxene) in

a granoblastic polygonal textured
framework. On the other hand,
metamorphic minerals (e.g.,
amphibole, garnet), formed during the
overprint event(s), commonly exhibit
textural relations indicative of their
formation after the igneous minerals.
In the less common scenario, the
meta-pyroxenites are characterized by

+ Imp,

granoblastic re-equilibration textures
with 120° triple junction between

the prominent minerals, with no new
metamorphic mineral formed during
the overprint event(s).

Reports on the occurrence of primary
amphiboles from the high-grade
metamorphosed rock units, especially
the earlier ultramafic rocks, of a layered
intrusion are rare; the only available

Figure 1. Representative BSE images illustrating the relation between the various
rock forming minerals in the Sand River meta-pyroxenite. Amp1 — primary amphibole;
22 Ampo- secondary amphibole; Mt1— primary magnetite; Mt — secondary magnetite.



reports are from the Archean (~2.97
Ga) Fiskenaesset layered complex in
southwestern Greenland (Polat et

al., 2012). Here we describe another
example of primary magmatic
amphibole. It was found in a meta-
pyroxenite from the Musina layered
intrusion occurring within the high-
grade metamorphic Central Zone of
the Limpopo Complex in South Africa.
Considering the poly-metamorphic
nature of the study area, detailed
petrographic characterization aided
with a scanning electron microscope
(SEM) was used to understand

the mutual relation between the
different rock forming minerals,
including amphibole, and the effect of
metamorphic overprint events.

The Central Zone of the Limpopo
Complex is comprised of a variety

of deformed supracrustal rocks

(Beit Bridge Complex, with detrital
zircons of >3.8 Ga) and minor mafic

to ultramafic rocks (~3.35 Ga Musina
layered intrusion), which are tectonically
interleaved within voluminous

granitoid orthogneisses (~3-31-

3-28 Ga migmatitic Sand River TTG
gneisses, and various ~2:73-2:60 Ga
granitoid gneisses) [Smit et al., 2011].
The latter Paleoproterozoic tectono-
metamorphic event (~2.0 Ga) is related
to the formation of anatectic intrusions
and granitic pegmatites as well as
reactivation along shear zones. The
meta-pyroxenite reported here forms
part of the Musina layered intrusion.
Both mafic (gabbro) and ultramafic
(pyroxenite-peridotite) rocks of the
intrusion occur as conformable layers
in migmatitic metapelitic gneiss in the
mapped Sand River section.

The studied sample of meta-pyroxenite
shows a uniform granoblastic-
polygonal texture, and is made up
of amphibole (up to 40% modal
proportion), clinopyroxene (~25%),
orthopyroxene (~20%), and olivine
(~10%), with minor magnetite (~3%),
apatite, pyrite and pentlandite. In
terms of modal proportions, it is an
amphibole websterite. The main
minerals — olivine, clinopyroxene,

orthopyroxene and amphibole — occur
as subhedral to anhedral grains. In
terms of inclusion-host relation, rare
rounded olivine was observed within
orthopyroxene (Fig. 1a), rare rounded
orthopyroxene — within olivine,
clinopyroxene and amphibole (Fig.
1b), and amphibole inclusions (with
straight or rounded outline) — within
orthopyroxene, clinopyroxene and
olivine (Figs. 1b, c and d). In addition
to the dominant variety (Ampy),
occurring as polygonal grains as well
as inclusions, a second variety of
amphibole (Amp,) occurs in the meta-
pyroxenite. Amp, dominantly occurs
as small grains replacing clinopyroxene
adjacent to grain margins (Figs. 1d and
e). They also occur as thin rims between
clinopyroxene and Amp; (Fig. 11), and
as rare interstitial grains surrounded

by larger Amp, grains or between
clinopyroxene and Amp;, grains.
Surprisingly, alteration is minimal

in the rock and, in spite of obvious
metamorphic re-equilibration, no new
metamorphic mineral was observed.
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Figure 2. Ca+Na+K (apfu) versus Si (apfu) mineral chemistry based diagram evaluating the primary
versus secondary trend of amphiboles in the Sand River meta-pyroxenite.




Based on their petrographic features
and trends in Fig. 2 we suggest that
the amphiboles occurring as inclusions
and polygonal grains in the Sand River

meta-pyroxenite are primary magmatic.

But their compositions consistently
fall at a slightly different position with
respect to all magmatic amphiboles

compared in figure 2, indicating the
effect of metamorphic re-equilibration.
Thus, our identification of primary
magmatic amphiboles in meta-
pyroxenites, part of the Archean Musina
layered intrusion, implies hydrous
conditions in the Archean. Like the
scenario of the MUintener et al. (2011)

experiments, which simulated natural,
arc magma compositions, possible
derivation in a H,O-rich subduction
setting cannot be discounted as an
analogue for the formation of Archean
layered intrusions and this needs to be
tested by future studies.

Mintener, O., Kelemen, P.B., Grove, T.L., 2001. The role of H,O during crystallization of primitive arc magmas under uppermost mantle conditions and genesis of
igneous pyroxenites: an experimental study. Contributions to Mineralogy and Petrology, 141, 643-658.

Polat, A., Fryer, B.J., Samson, .M., Weisener, C., Peter, W.U., Frei, A.R., Windley, B.F.,, 2012. Geochemistry of ultramafic rocks and hornblendite veins in the
Fiskenaesset layered anorthosite complex, SW Greenland: Evidence for hydrous upper mantle in the Archean. Precambrian Research, 214-215, 124-153.

Smit, C.A., Van Reenen, D.D., Roering, C., Boshoff, R., Perchuk, L.L., 2011. Neoarchean to Paleoproterozoic evolution of the polymetamorphic Central Zone of the
Limpopo Complex. Geological Society of America Memoir, 207, 213-244.

Mineralogy

GEOCHEMICAL CHARACTERISTICS OF BERYL FROM PEGMATITES OF THE ERONGO

VOLCANIC COMPLEX, NAMIBIA

Julieta Lum, Fanus Viljoen and Bruce Cairncross

The granite-hosted pegmatites

of the Erongo Volcanic Complex

in central Namibia are well known

for the occurrence of a number of
mineral types, of much interest to
collectors. A variety of beryl types with
colours ranging from green, yellow
(heliodor), colorless (goshenite) and
blue/greenish blue (aquamarine)

are found in miarolitic cavities within
the pegmatites. This contribution
serves to document and discuss their
phyical appearance, inclusion content,
and their major and trace element
chemistry. To this end, 25 blue beryls,
as well as two green beryls and one
colourless beryl were investigated
using SEM, EMPA and LA-ICP-MS in

order to gain insight into chemical
differences between the various beryl
types, their chromophores, and their
similarities or differences to other beryls
worldwide. The beryls from Erongo

are generally subhedral to euhedral
with a well-formed prismatic habit.
Idiomorphic crystals, characterized by
well developed hexagonal prisms, are
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Fig. 1 Pale aquamarine from Erongo



common. Common associated minerals
include schorl, quartz, muscovite,

alkali feldspar, plagioclase feldspar,

iron oxides, foitite, rossmanite and
cassiterite.

Aquamarines range from pale blue

to deep blue, or greenish blue, with
pronounced colour zoning. The two
green specimens vary in colour from
pale green to pale greenish yellow.
Levels of transparancy vary. One green
beryl is medium green and heavily
included whereas the other specimen
has a pale yellowish green colour.
Transparency is heavily influenced by
cracks, often filled with secondary iron
oxides. Mineral inclusions are common
and include schorl, quartz, muscovite,
feldspar, iron oxides and cassiterite,
clearly reflective of the host pegmatite
mineralogy.

Aquamarine and green beryl contain
iron as the main chromophore while
goshenite is devoid of chromophores.
Increasing colour saturation correlates

with increasing Fe, consistent with

the known chromatic effects of Fe

in blue, yellow and green beryl.
Although optically and chemically
homogeneous specimnes are common,
colour-zoned, optically heterogeneous
crystals are also encountered. These
are characterised by variable Feq;
(0.79-3.19 wt% FeQ), Na (0.09-0.35 wt%
Na,O), and Al (15.99-18.18 wt% Al,O3).
Zoning patterns range from simple
core-to-rim transitions to more complex
sector and/or oscillatory zoning, with
chemical trends which correspond to
previously documented substitutions
for beryl worldwide.

Octahedral cation substitution is

the dominant mechanism for the
incorporation of a variety of minor
and trace elements, e.g. Na, which is
mainly incorporated (over Cs) at the
channels (to maintain charge balance).
Based on charge balance arguments,
some tetrahedral Be-Li substitution

is also indicated. Trace element

concentrations, as determined through
LA-ICP-MS analysis, are variable, with
highest concentrations encountered

in the aquamarines. Cs, Sc, Ga and
Mn are positively correlated with Rb,
consistent with the incorporation of
these elements at the octahedral site
(Sc, Mn and minor Ga) or the channel
site (Cs, Rb), in order to preserve
charge balance. In contrast, Ca, Zn
and Ti do not correlate with Rb, nor
with Cs. This is unexpected, as Ti

and Ca are known to substitute at

the octahedral site in beryl, while Ca
may also enter the 2a channel site.
Consistently low Cr contents in all

the samples examined concur with

Cr not being a chromophore element
for the green beryl examined in the
present study. Overall, major and trace
element contents are similar to those of
other beryls (aquamarines) worldwide,
with no distinctive locality-specific
chemistries observed, when compared
to the worldwide database.

Subrecent and Medical Geology

INVESTIGATING GEOGENIC LEAD CONTAMINATION AND ITS EFFECTS ON HEALTH

IN THE KILIFI AREA, KENYA

Christa Koki', Hassina Mouri' and L. Olaka?

! Department of Geology, University of Johannesburg - APK, South Africa

2 Department of Geology, University of Nairobi, Chiromo Campus, Kenya

According to WHO, lead (Pb) toxicity
accounts for 0.6% of the global disease
burden [7]. Humans are exposed
through food, water and air. Prolonged
exposure affects the nervous, immune
among other body systems [2].
Children are more susceptible to its
poisoning with a potential damage to
the normal brain development [2, 8].
Anthropogenic activities and geogenic
sources release it to the environment.
In the Kilifi area (Fig. 1), sedimentary
rocks of Triassic to Recent age host a
base metal deposit of galena [3]. This
area was heavily mined in the 1970s
and the un-rehabilitated mines remain,
exposing rock tailings to weathering
agents [4]. Chronic diseases such as
rheumatism, anaemia and neuro-
developmental disorders for instance
intellectual disability and epilepsy that

have been associated to heavy metal
contamination in other parts of the
world have been reported in this area
too [1, 5, 8]. A study conducted in 2013
shows that 7.8/1000 people have Active
Convulsive Epilepsy with children
being highly affected [6]. Since lead
toxicity is also known to cause brain
disorders, cardiovascular effects and
nephrotoxicity in kidneys, it is important
to investigate the relationship between
geology and disease prevalence in the
Kilifi area. This is crucial simply because,
over 70% of the locals live below 2 USD
per day relying on the natural resources
and are mainly subsistence farmers.
Notably, the study area comprises

of a health surveillance system (Kilifi
Demographic and Health Surveillance
System KDHSS- Fig. 2), an area about
891Km2, which was established in 2000

and is made up of 15 locations. The
KDHSS database comprises a record
of births, pregnancies, migration
events and deaths. It is maintained
by 4 monthly household visits and
has geographical boundaries set with
reference to the areas served by the
Kilifi District Hospital (KDH) which is
the only in-patient facility offering
pediatric services. This study aims

at investigating the vulnerability of
the Kilifi residents to geogenic lead
contamination through analysing
soil, water and food crop samples for
lead, correlating the analysis results
with health data on chronic diseases
associated with lead/heavy metal
contamination and producing spatial
correlation maps.




Ethiopis

-y

i

Lah#
Turkana
Somal ia
Uganda
Kenya

[}

Lake
Vietaria

-

K
Tanzania

Indian
+
T \ . Deman

we 0 100 200 30 400 ke
== m—— s

Figure 1. Map of Kenya showing the Kilifi District

T
L

KILIFI DEMOGRAPHIG AND
HEALTH SURVEILLANGE
SYSTEM (KDHSS)

LOCAT IDNS MAP

Lagand
# Kilifi District Hospital
i Locations

References:

[1] Alam M.G et al. (2003) Sci Total Environ 308:83-96

[2] Ali S.M et al. (2011) Environ Polln 20: Springer Sci and Business Media B.V
[3] Caswell PV (1956) Geol of Kilifi-Mazeras No 34 Geol. Surv. Kenya

Figure 2. Kilifi Demographic and Health Surveillance System (KDHSS) map

[4] Horkel A.D et al. (1984) Geol and Min Res of the Southern Kenyan Coast. Geol. Surv. 151-159

[5] Newton C. R and Garcia H (2012) Lancet. 380:1193-1201
[6] Ngugi A.C et al. (2013) Lancet Neuro — Elsevier

[7] World Health Organization (2010) Childhood Lead Poisoning WHO Library, 1-74

[8] Von Schirnding Y et al. (2003) Environ Res. 93(3):259-263.

26




(U-TH)/HE DATING OF CACO,; SPELEOTHEMS: A NEW PERSPECTIVE FOR DATING
FOSSIL-BEARING CAVE DEPOSITS

Tebogo V. Makhubela and Jan D. Kramers

Cave mapping and geological studies
in the Cradle of Humankind (CoH)

site have revealed that 81 caves
contain evidence of macrofossils and
15 are known to contain hominin or
archaeological remains from a variety of
ages between 0 and 3 Ma [1]. Deposits
of the CoH have been traditionally
dated on the basis of biostratigraphic
correlation [2], and in spite of recent
advances particularly in U-Pb dating,
dating many fossil-bearing deposits
older than the c. 0.5 Ma limit for U-Th
dating remains a challenge [3,4].

(U,Th)-He dating of fossil aragonites
was first carried out in 1965 [5].
Although the method is used routinely
for apatite thermochronology,
retention of He in calcite was first
demonstrated in 2007 [6] and the

first successful dating of a fault-filling
calcite in 2014 [6]. Given retention of
He, the (U, Th)-He dating offers some

potential advantages over (U, Th)-Pb.
First, sensitivity, because many more
nuclides are produced in the course of
decay (8 for 228U, 7 for 235U and 6 for
232Th), and second, absence of initially
built-in He in samples. In this study we
have explored the dating of calcium
carbonate flowstones, interbedded
with fossil-bearing breccia deposits at
the CoH, using this dating technique.
Sample powders or grains, wrapped in
copper foil, were heated using a laser
to analyze helium using a 3He spike,
after which the sample is removed
from the vacuum chamber, dissolved
and analysed for U and Th by isotope
dilution. For laser heating, a continuous
1064 nm Nd-YAG laser was used which
necessitated carbon coating of the foil
package (Fig. 1). Challenges are the
large release of CO2 (captured on cold
traps) and sometimes hydrocarbons
that impede He ionization, as well as
quantitative recovery of samples after

Figure 1. samples encapsulated in copper foil and carbon coated. Internal sample holder
diameter is 3 mm.

degassing. The method was tested

on well-dated flowstone samples from
Swartkrans, where we have reproduced
within error an age of 1.8 Ma for a
sample dated to 1.816 + 0.041 Ma
using U-Pb [8] and which relates to
clastic sediments in member 1 for
which a similar age (1.80 = 0.09 Ma)
has been obtained using cosmogenic
nuclides burial dating [9]. This and
other preliminary results show that the
method is promising as a technique
that might help radiometrically date
fossil-bearing cave deposits of the
CoH.

Further development will include
constructing a small oven, which

will make it possible to analyse
larger samples (up to about 100 mg)
than is possible using a laser, thus
making it possible to carry out (U, Th)
disequilibrium analyses on samples
after helium extraction.
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Dioxide (CO2) adsorption capacity of amine-grafted poly-succinimide (PSI) adsorbent during CO2 Capture. TCCS-8, Trondheim,
Norway, June 2015.

Delvigne, C., Opfergelt, S., Hofmann, A., Cardinal, D., & André, L. (2015). Si transfers during Archean weathering processes
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Elburg, M., Andersen, T., Jacobs, J., Laufer, A, le Roux, P, Harris, C., Ruppel, A., Krohne, N., Damaske, N. (2015). Spatial and
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2015, p. 384.
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Slip Tectonics in the Ser Rondane Region, Dronning Maud Land, and Lateral Extrusion of the East African-Antarctic Orogen. X
International Symposium on Antarctic Earth Sciences, July 2015, Goa, India.

34



PRESENTATIONS AT LOCAL CONFERENCES,
PUBLIC LECTURES, REPORTS, 2015

Andersen, T., Elburg M. (2015). Zirconium in pyroxene: controlling factors and implications. IMSG conference, Pretoria, January
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Cairncross, B. (2015). Geology as Art: a geological photographic perspective. Faculty of Science Public Lecture, University of
Johannesburg 8th October 2015. INVITED LECTURE.

Cairncross, B. (2015). Pegmatites of Central Namibia: Geology, minerals and gemstones. Witwatersrand Gem & Mineral Club,
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Cairncross, B. (2015). The Kalahari Manganese Field: Discovery, development and divine minerals. Witwatersrand Gem &
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Cairncross, B. and Fraser, A. (2015). Evaluation of the Council for Geoscience collection on public display in Ditsong Museum
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(2015). Pan-African magmatism in Ser Rondane (East Antarctica): 150 Ma of crustal recycling? IMSG conference, Pretoria, January
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Hlongwane, S., Mphaphuli, M., Sebola M—J., Drennan, G. 2015. Structural and weathering effects on coal quality in the
Soutpansberg and Tuli coalfields. Limpopo Minerals Conference and Trade Show. 10-12 November 2015, Park Hotel, Mokopane,
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Matiane, A., Wagner, N. 2015. Consideration of rare earth elements associated with coal and coal ash in South Africa. Fossil
Fuel Foundation 20th South African Conference on research in Coal Science and Technology, 24 — 25 November, 2015,
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Mphaphuli, M., Wagner, N. 2015. Petrographic consideration of the impact of the Tshipise fault on coal quality in the
Soutpansberg coalfield. Fossil Fuel Foundation 20th South African Conference on research in Coal Science and Technology, 24 —
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Nendouvhada, N., Wagner, N. 2015. Lateral comparison of coal composition in the Botswana coalfields through the use of
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Premlall, K and Wagner, N.J., 2015. LABORATORY EXPERIMENTS TO DETERMINE THE FEASIBILITY OF CYCLIC CO2
INJECTION IN SA COALS TO EVALUATE CH4 DESORPTION FOR ECBM POTENTIAL, 3rd African Public Officials Energy and
Environment Conference (APOEEC) HOST(S): Centre for Energy and Electric Power (Tshwane University of Technology Station);
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Africa.
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Lisborn Mangwane and Baldwin Tshivhiahuvhi: Technical assistants, Daniel Selepe: Technical assistant, field vehicle
thin section laboratory. maintenance.

Thuso Ramaliba: Laboratory Herbert Gugwane: Technical Diana Khoza: Finance and transport.
Assistant, thin section assistant, rock preparation
laboratory. laboratory.
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Elaine Minnaar:
Departmental Secretary.

Hennie Jonker: Finance Herbert Leteane:
and field schools. Technical assistant.
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Date: Thursday, 27 October 2016
Place: University of Johannesburg, Kingsway Campus, C1 Lab lecture room 215

Programme of talks also to be announced closer to the date
Time: 13.00 - 18.00, followed by drinks and snacks
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Argon extraction and mass Electron microprobe Laser ablation ICP-MS Laser ablation multicollector
spectrometer ICP-MS

SQUID magnetometer with Solution ICP-MS X ray diffraction X ray fluorescence
sample magazine




