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Application to the REI fund
Fellows Dinner
Geology of sites of antiquity in Greece

35th IGC - It’s over. 

Congratulations! 

Thank  you,  

from the LOC.



Palaeo-Agulhas Construction poster (Centre fold p 32 & 33)

A visualization of the Palaeo-Agulhas Plain off Mossel Bay some 60 000 years ago 
during a weak cold phase (glacial). In the distant background is the ridgeline of the 
current coastline some 30 km away, and the snow-capped Outeniqua Mountains. The 
vast and monotonous plain is drained by a languid, meandering Gouritz River which 
has formed extensive wetlands behind the barrier of coastal dunes. 

The plain is underlain by fertile soils which support a dense and productive grassland 
which is home to large herds of grazing mammals. These include several extinct forms 
such as a longhorn buffalo, giant eland, giant Cape zebra, giant hartebeest and 
bluebuck, as well as springbok, waterbuck, zebra and other typical plains game of the 
African tropical grasslands.

The midground shows a group of modern humans at a campsite on a sandy, limestone 
ridge beneath a large white milkwood tree. On the left, children are collecting fire wood 
from the dune thicket and protea veld, while two men return from a hunt with bluebuck 
(centre), and two young women are offloading their harvest of intertidal shellfish. 

In the foreground, young women are decorating their faces with ochre, prepared using 
a grinding stone and stored in a perlemoen shell. Nearby, a girl is making a necklace 
of shells. The women on the right, backed by the huge horn of the longhorn buffalo, 
are preparing for cooking the corms of geophytes collected in the surrounding veld. By 
contemporary Cape standards, this was a highly productive landscape yielding large 
amounts of protein, fat and carbohydrate for human consumption. However, harvesting 
these resources would have required advanced cognitive skills. Thus the technology used 
by these people was very advanced, comprising for example, small blades fashioned 

from cores of heat-treated silcrete rock that were used as spear tips. 

Painting by Maggie Newman.

Poster comissioned by the Centre for Coastal Palaeoscience at Nelson Mandela 
Metropolitan University, and the text was written by Prof RM Cowling, Director of the 
Centre.
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from the editor’s desk
Times are tight. Traditionally, the after 
dinner speech for the Fellows of the 
Geological Society of South Africa is 
delivered by a prominent member of 
the mining community and preferably 
includes an optimistic assessment of 
the contribution that mining is making 
to the economy. Before 2008 this 
was an easy sell, with the message 
that the Chinese economy needed to 
grow, and would sustain a demand 
for South African commodities for the 
foreseeable future. We all know what 
happened next. Consequently, for 
some years now an optimistic vision of 
the South African mining industry has 

become ever more difficult to communicate. This year 
the emphasis shifted. Instead of dwelling on South 
Africa’s mineral wealth, the Fellows Committee invited 
Prof Bruce Rubidge of the Evolutionary Studies Institute  
at the University of the Witwatersrand to deliver an 
after dinner speech on our palaeontological wealth. 

Bruce reviewed the long history of research that has 
established that the Karoo contains a unparalleled  
record of the transition from clearly reptilian fossils to 
skulls that are on the path toward true mammals. Until 
recently those skulls were regarded as the ancestors of 
mammals so were referred to as mammal-like reptiles 
rather than true mammals. This is now beginning 
to change.  Bruce referred to ground-breaking 
application of technology which now indicates that the 
Burgersdorp Formation contains skulls which record a 
profound change in the evolution of reptiles. Dr Julien 
Benoit, together with his colleagues from the University 
of the Witwatersrand, Professors Paul Manger and 
Bruce Rubidge has shown that the opening leading to 
the ‘third eye’ in reptiles has closed in skulls from the 
Burgersdorp Formation. This they relate to a genetic 
mutation which also resulted in the appearance of 
mammary glands and body hair coverage. These 
are distinctive features of true mammals rather than 
mammal-like reptiles. Profound genetic mutations such 
as this do not appear very often. 

A mutation of comparable magnitude happened in 
monkeys some twenty million years ago, when a 
mutated gene, GLUD2 appeared and affected the way 
the brain develops in apes. The mechanism underlying 
these episodes of major genetic mutation now appears 
to be whole genome duplication. In honour of the 
biologist Susumo Ohno, who first recognised this 
once controversial mechanism, duplicated genes are 
now termed ohnologs. Ohnologs in the human and 
ape genome are shared with bony fish, sea squirts, 
lancelets, sea urchins, flies and finally, worms. Worms 
are representative of the first animals. Although the 
fossil record of sea squirts, lancelets, sea urchins and 
flies is currently vague, convincing fossil evidence of 
multicellular eukaryotes is found near a �.56 billion 
year old ash in the Gaoyuzhuang Formation in China. 
This recent discovery is impressively close in time 
to quite independent molecular evidence that the 
three-way split of multicellular eukaryotes into plants, 
fungi and animals took place at �576±88 Ma. As 
discussed at the 35th IGC in Cape Town, Chinese 
rocks that are a couple of hundred million years 
older than the Gaoyuzhuang Formation are currently 
revealing evidence for the appearance of unicellular 
eukaryotes.

Single-celled eukaryotes are already very complex 
creatures, containing at least 4 000 genes. This large 
number points to a long prehistory. Direct evidence 
of this prehistory will be difficult to trace in the fossil 
record because the size of the creature is related to the 
size of its genome. Whole genome duplication then 
means that the size of even the largest of creatures 
will halve as one follows back through progressive 
episodes of whole genome duplication. This means 
that fossils will become smaller, and ever more difficult 
to identify. However the fact that all the essential 
metabolic processes were already in place in the 
first single-celled eukaryotes, means that the stepwise 
appearance of these metabolic processes can also 
be used to recognise the new ecosystems that arose 
after episodes of whole genome duplication. The 
rocks of the Kaapvaal craton, ranging from the early 
Proterozoic Waterberg Group to the early Archean 
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executive managers

Craig Smith

As we head into the final month of 20�6, I think we 
can safely say that it has been an eventful year – and 
it’s not over yet. I know that not all of you were able 
to attend the 35th International Geological Congress, 
but be assured that the event was a success. Yes, 
there were operational issues at times but the vast 
majority of delegates enjoyed the event. There is a 
still a great deal of winding up work going on behind 
the scenes, and this will continue well into 20�7. We 
have to get all the bills paid, and the closure report 
needs to be completed. Financially, the meeting will 
generate a surplus which has to be managed into the 
future. The intention is to use the surplus for the benefit 
of earth sciences in the years to come, and sometime 
in 20�7 we will be making announcements as to how 
this will happen.

Onverwacht Group may preserve the best evidence 
of these episodes.

The strongly oxidised rocks of the Waterberg are very 
poor candidates for preserving fossils so it may be a 
long time before technology advances to the point 
that fossils will be found here. Slightly more promising 
are rocks of the Pretoria Group where pyrites may 
preserve records of ecosystems where sulphate 
reduction was important. The dolomites of the late 
Archean Campbell Rand and Malmani Subgroups are 
already well known sites for the preservation of fossil 
cyanobacteria in the ‘Transvaal sea’. These stromatolites 
may have evolved from ancestors which arose in 
fresh-water rivers and lakes. The first appearance of 
these earlier cyanobacteria may be recorded in the 
fluvial and lacustrine stromatolites of the Wolkberg 
Group. Microbial induced sedimentary structures in  
the middle Archean Pongola Supergroup are similar 
to structures formed by cyanobacteria, but there is no 
evidence that these released oxygen. Instead these 
structures may preserve evidence for photosynthesis 
which did not involve oxygen. In the same time frame 
the gold deposits of the Witwatersrand Supergroup 
are associated with carbon which is widely accepted 
to be of biological origin. 

The involvement of eukaryotes in the Wits to Waterberg 
interval is difficult to discern. However the size of 
spheroidal microfossils in the early Archean Moodies 
Group, all of 300 micrometres in diameter, is too 
large to easily attribute to bacteria and is more likely 
to be an ancient example of an ancestral eukaryote. 
The Onverwacht Group has long been famous 
for the variety of features which are interpreted as 
evidence for the very earliest signs of complex life 
on earth.   At this very early stage in the evolution of 
life, great difficulty attends conclusive demonstration 
that any single feature is clearly biogenic. However 
the ongoing advances in technology and the cross-
disciplinary approach which are exemplified in the 
interpretation of the skulls of the 240 million year 
old Burgersdorp Formation will surely one day lead 
to unambiguous evidence of the evolution of life in 
the 3500 million year old rocks of the Onverwacht 
Group. Of course, without the rocks which contain 
the hard evidence this would not be possible. When 
one asks, then, whether the paleontological wealth of 
South Africa’s rocks can be compared to its mineral 
wealth, the answer is clear. Undoubtedly.

Chris Hatton
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The membership of the GSSA is now being sent the 

20�7 dues notices, and as in previous years if you pay 

before the end of January you can pay at the 20�6 

rates. As noted in the last Geobulletin, the South African 

Journal of Geology (SAJG) will be provided in print 

format to those who request it, but at greater cost than 

those who opt for digital. The digital version has been 

the ‘journal of record’ for some time and is accessible 

to all members through Geoscience World via a link 

on the GSSA website. Postage costs in particular have 

become excessive, and postal deliveries are erratic 

at best, while printing costs are escalating as well. 

In addition, the right thing to do is to ‘go green’ and 

reduce our carbon footprint.

The Fellows Dinner and two Professional Meetings, 

Target Generation and the Exploration Showcase, 

were staged successfully on November �0 and ��.  

The rationale behind a ‘trifecta of events’ in two days 

was to allow attendance of two or three events by 

delegates from outside Johannesburg at lower cost and 

less travel, and this seems to have been well received 

by attendees. We would like to hear from Members 

as to whether they think this should be continued, and 

perhaps expanded.

There was some optimism at the Exploration Showcase 

about where we are in the resource cycle, evidenced 

by recent upticks in some commodity prices as well as 

the share prices of some of our listed companies. But 

there is also every chance that South Africa will once 

again miss out on cyclic upturns because of the lack of 

transparency in the exploration rights application and 

awarding process. If this is solved there is likely to be a 

very significant increase in investment into the resource 

sector, which will greatly benefit the earth science 

community. South Africa is, after all, well endowed 

with mineral wealth with a great deal of exploration 

potential not currently being realized.

We head into the end of the year with a great deal of 

uncertainty in our political and economic environment, 

including how our universities deal with the current 

student unrest, the outcome of the political turmoil 

resulting from the state capture saga, the turmoil 

surrounding what appears to be an unaffordable 

nuclear build program, and whether or not South 

Africa will be downgraded to junk status by the rating 

agencies. None of these issues is unsolvable and I 

expect South Africa to come through these crises as the 

country has done in the past. A factor South Africa has 

no control over is the effect of policy changes by the 

Trump presidency in the US, which will undoubtedly be 

significant. This will likely start to unfold only in the first 

half of 20�7.

It is with great sadness that we announce the passing 

of Ray Maloka, who was a member of the GSSA 

Council for the last several years. He also sat on 

the SACNASP Council for an extended period, and 

headed the committee that assessed SACNASP 

registration applications in geology and earth science.  

If you registered with SACNASP in the Geological 

Science or Earth Science fields of practice in the 

last ten years, it is highly likely that Ray personally 

handled your assessment. Ray had a huge impact on 

geology in South Africa, even though his contribution 

was in large part done in the background without 

much public recognition, which he never sought. Ray 

will be missed.

As we head into the year end, please travel safely and 

have a happy and peaceful holiday. All the best to 

our Members from the GSSA staff in Johannesburg and 

Cape Town.

Craig Smith 

Roger Key, 
recipient of the Jubilee 

medal, on the right, 
with Willem van Biljon, 
left, and Mike Watkeys, 

centre.
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EVENT

IMSG (Igneous and Metamorphic Studies Group – GSSA supported event)

Excursion to Hartebeeshoek Radio Astronomy Observatory (to be confirmed)

Drilling Methods in Johannesburg

AAPG Distinguished Lecturer (in association with AAPG; 
March �3 Cape Town and March �4 Johannesburg)

Gold Day

Valuation of Mineral Properties

Advanced Structural Geology (to be confirmed)

Compliance and Reporting for Competent Persons

Geological Skills for the Young Professional

Geometallurgy

Geoheritage Strategy (to be confirmed)

Drilling Methods in Johannesburg

Ore-forming Process and Mineralisation Systems

REI Colloquium

Fellows Dinner

Technology Day and African Exploration Showcase

DATE

�5th-�8th January

�7 February

22 – 24 February 

�3-�4 March

3� March

5 May

2 June

23 June 

27 - 29 July

�8 August

� September

27 - 29 September
     
20 October

27 October

9 November

8 - 9 November
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It is not possible to stage an event 
of this importance without sponsorship, 

and we would like to recognize those 
in Government and Industry 

for their assistance. 

THANKS 

“All on the 35IGC local organising committee thank 
all our existing sponsors for their tremendous and 

on-going support 
(see http://www.35igc.org/Verso/45/Sponsors 

for a list of contributors).
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letters
Climate Change

Vostok ice-cores show an apparent correlation between 
concentrations of carbon dioxide (CO2) in trapped air 
bubbles, representing the palaeo-atmosphere, and 
oceanic temperatures derived from oxygen isotope 
ratios. 

“The fact that CO2 is a greenhouse gas suggests that 
an increase in CO2 caused an increase in temperature 
rather than the other way around” (C. Hatton).

 It is a basic fact in chemistry that the solubility of gases 
(e.g. CO2) in liquids (e.g. water) decreases with rising 
temperature of the liquid. Oceans are vast reservoirs 
of CO2 and major contributors to atmospheric CO2 
(Wikipedia). Warming oceans release CO2 to the 
atmosphere. This explains the reported observation 
in ice-cores that temperature peaks lead CO2 peaks 
by 200-800 years. Ice-cores provide indisputable 
evidence of natural climate fluctuations, and of 
fluctuations in atmospheric CO2 prior to the fossil-fuel 
burning era.

Application of the Greenhouse Theory to the Earth, 
whose atmosphere is not an enclosed system, is 
questionable. Heat absorbed at the Earth-surface from 
solar radiation is radiated through the atmosphere 
back to space. Part of this radiated heat is absorbed 
by greenhouse gases.  Radiation from the Earth-surface 
cannot cause any part of the atmosphere to become 
warmer than the heat-source. [Heat flows from warmer 
to colder surroundings - second law of thermodynamics]. 
The cooler atmosphere cannot radiate heat to a warmer 
Earth-surface by the postulated back radiation, which 
implies that energy is created, contrary to the first law 
of thermodynamics. Heat radiation from CO2 and other 
molecules can only be to colder surroundings.

Increasing atmospheric CO2 - blamed on ‘carbon’ 
emission and ignoring major contributions from 
ocean-outgassing, volcanoes and decomposing 
vegetation - became noticeable by �900. The rising 
global temperature since �900 was a continuation 
of the cyclical uptrend following the Little Ice Age (ca 
�850). From �938 (Lamb) to �977 global temperatures 

To the Editor

Thank you GSSA for your Contributions to 35 IGC

The 35th International Geological Congress (IGC) has 
come and gone, seemingly in a flash. After six years 
of planning and hard work, everything came together 
in the end and judging by the many positive comments 
we received, all this effort was worthwhile.

The organisation of the Congress was a huge task and 
a great team effort and I would, as Co-president of the 
35th IGC Local Organising Committee (LOC), like to 
thank the Geological Society of South Africa (GSSA) 
for their considerable contribution to the event. 

The GSSA together with the Council for Geoscience 
(CGS) were organising partners of the Congress and 
many members have played important roles in the 
build up to 35 IGC.

Jeanette Mc Gill as Co President of the LOC and as 
a board member of CGS has contributed significantly 
while Craig Smith’s continued input as chair of the 
finance committee over a six year period has been 
invaluable. Chris Hatton ensured excellent coverage of 
Congress news in Geobulletin while Genevieve Pearson 
served as the chair of the Geoheritage committee.  Lully, 
Marliese and Sally have as always assisted in many 
aspects, not least of which was the sale of Congress 
publications from the outstanding GSSA stand at the 
Congress. Many other members have been involved 
in various aspects of the organisation of the Congress 
and we thank them, as well as those members who 
attended the event, for their support.

The Congress was a once in a lifetime event with a 
variety of projects, a fitting legacy of the Congress, 
having been spawned from it. Geoheritage, Geotourism 
and student support projects figure prominently and we 
invite members of the GSSA to perpetuate the spirit of 
35 IGC by becoming involved in taking these initiatives 
forward.
Yours sincerely
Richard Viljoen
Co-president 35 IGC  Local Organizing Committee
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decreased and news-media covered speculation on 
an approaching ice age.  Global warming held sway 
during the final two decades of the millennium. Since 
�998 there was the global warming hiatus, which 
elicited explanations from climate ‘scientists’, e.g. the 
burning of Chinese coal. NASA recently eliminated the 
hiatus by changing historic temperature data (Google: 
climate data tampering). Since �850 global warming 
co-incident with rising CO2 was limited to two periods 
(�900-�938 and �977-�998), disproving a statistical 
correlation. 

Greenhouse properties of gases can only be 

determined under controlled laboratory conditions 

at �00% concentration. The effect of CO2 (0.04%) 

is insignificant amongst all the variables that affect 

climate. Radiation is one mechanism of heat transfer. 

Others are convection (wind), conduction and latent 

heat.  

Isostatic land rise on the English coast indicated by 

elevated harbors and global sea-level rise related 

Tertiary climate change (le Roux 2012)

THE COUNCIL FOR GEOSCIENCE 
WILL BE HOSTING A TWO-DAY MINI 

CONFERENCE UNDER THE BANNER  
“GEOSCIENCE FOR A CHANGING WORLD”

DATE: 2–3 March 2017

VENUE: Council for Geoscience, Auditorium

The CGS Conference will bring together national and international 

Within the CGS’s broad geological mandate special emphasis will be placed 

on: prospectivity mapping; marine geological mapping; seismic microzonation; 

renowned experts will participate as keynote presenters and scientists from the CGS 

conference the CGS hopes to provide to its stakeholders an insight into all the nationally 

will also be held dealing with prospectivity mapping, marine geological mapping and seabed 

mineral exploration; seismic microzonation of Johannesburg and global events in the South African 

Follow the website for new developments:
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CGS 2016_ Annual Conference 2017_ Geobulletin Advert.indd   1 2016/11/16   11:53:44 AM

to melting continental ice are different ball games. 

Projected future sea-level rises are hypothetical as 

NASA now admits that Antarctic ice has increased 

significantly since �992 (rats leaving a sinking ship?).  

 Neither CO2-levels nor recent temperature fluctuations, 

with related sea-level changes, are unprecedented 

(graph). In fact, modern fluctuations are trifling 

compared to those of the Pleistocene. With undeniable 

proof of climate fluctations in the geological history, it is 

irrational to insist that the most recent climatic changes 

are any different and attributable to mankind. 

Reference:

Lamb, H.H., �968. The changing climate. Selected 

papers. Methuen.

Graph: le Roux, J.P., 20�2. A review of Tertiary climate 

change in southern South America and the Antarctic  

Peninsula. Part �: Oceanic conditions. Sedimentary 

Geology, 247-248. Elsevier. 

   

Deon le Roux

Reply

Deon le Roux argues that “Warming oceans release CO2 

to the atmosphere”. However Shackleton (2000) has 

demonstrated that temperature rise and increasing CO2 

preceded melting of the ice sheets. To me this suggests 

that CO2 causes a rapid increase in temperature which 

is then followed by melting of the ice sheets and later 

warming of the oceans. In contrast le Roux accepts 

arguments that “that temperature peaks lead CO2 peaks 

by 200-800 years”. The temperature and CO2 peaks 

in the Vostok data cannot be statistically distinguished 

and an interpretation that CO2 peaks lead temperature 

peaks is equally plausible; I remain perfectly satisfied 

that “The fact that CO2 is a greenhouse gas suggests that 

an increase in CO2 caused an increase in temperature 

rather than the other way around”.

le Roux and I agree that “Ice-cores provide indisputable 

evidence of natural climate fluctuations, and of 

fluctuations in atmospheric CO2 prior to the fossil-fuel 

burning era.” Humans huddled in their caves at the end 

of the last ice age very probably had nothing to do with 
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the increase in CO2 from 200 to 250 ppmv and the 

associated 2°C increase in the 5000 years before the 

start of the Holocene. That increase in CO2 is far more 

likely to be the result of degassing from the bowels 

of the earth. The Intergovernmental Panel on Climate 

Change is probably guilty of underestimating the 

contribution of subterranean gases to climate change, 

but that should not obscure the fact that in the 400 000 

years before the Industrial Revolution CO2 never rose 

above 300 ppmv; since then it has gone above 400 

ppmv (and counting). I retain the view expressed in the 

previous Geobulletin, burning fossil fuel is not a good 

way to generate energy. 

Reference:

Nicholas J. Shackleton (2000)The �00,000-Year Ice-

Age Cycle Identified and Found to Lag Temperature, 

Carbon Dioxide, and Orbital Eccentricity. Science 

289, �897-�902.

“At the �00,000-year period, atmospheric carbon 

dioxide, Vostok air temperature, and deep-water 

temperature are in phase with orbital eccentricity, 

whereas ice volume lags these three variables.”

Chris Hatton
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APPLICATIONS 
TO THE

RESEARCH, EDUCATION AND INVESTMENT (REI) FUND 
OF THE GSSA

!! CLOSURE DATE FOR APPLICATIONS: 31 JANUARY 2017 !!

The GSSA Research, Education and Investment Fund (REI Fund – formerly known as the GSSA Trust Fund) is 
inviting applications from GSSA paid up-members (including post-graduate student members) for grants from 
the Fund, to be received at the GSSA office not later than 31 January 2017. Applications can be made using 
the prescribed application form available on the GSSA web site (www.gssa.org.za) or by letter supported by 
separate documentation including a short description of the project, brief motivation for research and funding 
requested, a budget describing how funds will be used, and a letter of support from research supervisor (in 
cases where the applicants are post-graduate students). The completed application form and all supporting 
documentation should be forwarded to any of the following addresses:

      Postal: GSSA Secretariat  E-mail: info@gssa.org.za
    P O Box 6�809   Fax: 0�� 492 337�
    Marshalltown 2�07

To be received no later than 31 January 2017

Grants can be applied for to support a variety of Earth Science applications, e.g. to offset analytical and/or 
publication expenses with regard to research projects, to promote Earth Science awareness through geotourism, 
geoheritage and geo-education, to attend local and international conferences relevant to particular research 
projects, and to present research results, for travel grants, or for other worthwhile purposes related to the Earth 
Sciences. Expenses related to (annual) registration, text books, accommodation, etc. required at Higher Education 
institutions are not covered.

In particular we welcome applications from post graduate student members and would appreciate it if Heads 
of Departments at Higher Education Institutions and their staff would inform their students of this opportunity. 
Grants are usually limited to R20 000 per application but well-motivated applications for larger amounts are also 
welcome. All applications will be judged on merit and/or the importance to the Society in promoting its image. 
Note that grants are only awarded to members/student members in good standing.

Applications are screened by the REI Fund Committee during February with input and ratification by the GSSA 
Management Committee and Council, respectively. In evaluating the applications and recommendations, the 
Committee considers the merit of each application, and depending on the amount of money available for that 
year, makes a final decision on the allocation of grants for that year. The decision of the Committee is final 
and no further correspondence on the matter will be entertained. By following this procedure it is anticipated 
that applicants will be informed by early to mid-March 20�7 whether or not their applications are successful. 
Recommendations made by the Committee require Council approval, which may delay notifications.

The current members of the REI Fund Committee are: Reinie Meyer (Chairman), Frank Gregory, Rob Ingram 
(Treasurer), Derek Kyle, Richard Viljoen, Mike Wilson and two office bearers of the Society who have ex officio 
status, namely the President (Jeannette McGill) and the Executive Manager (Craig Smith).
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35th International Geological Congress

Cape Town, South Africa

35IGC is behind us!  And South Africa successfully 
staged the event.  While there were the inevitable 
behind-the-scenes hiccups, by and large the meeting, 
the exhibition and the field trips were highly successful, 
with the majority of delegates’ comments being highly 
positive.  The wind down of the meeting affairs will carry 
on into 20�7, with finalisation of the Congress finances, 
posting of abstracts by the American Geological 
Institute (AGI) on the GeoRef portal, preparation of 
the Proceedings report, and preparing the strategy for 

35th IGC
the use of any surplus funds.  It may surprise some, 
but a meeting of this size and importance does not 
cease operations with the handover to the organising 
committee of the 36th IGC in India at the closing 
ceremony.  It has a life of its own that was initiated 
in 2008 with the winning of the bid; this is not closed 
out quickly.

The following are a few preliminary numbers that may 
interest our readers, as well as putting the Congress 
into perspective.  These statistics will not be final until 
completion of the Proceedings Report. 

Approximate Budget (excludes delegate travel and accommodation) ..................... R60 million

Number of contractor and subcontractor companies engaged ................................ 20

Employee numbers of contractors and subcontractors in Congress week ................ 450

Number of student volunteers ...................................................................................... �40

Number of delegates supported by Geohost programs ............................................ �70

Net cost to GSSA (excluding management time costs) .............................................. R300,000 (est) 

Newly published books launched at Congress .......................................................... 2

Books sold or distributed at GSSA Stand ................................................................... 2500 (est)

Countries represented by delegates ........................................................................... �20

Registered Delegates ................................................................................................... 4052

Registered Accompanying Delegates ......................................................................... �92

Average number of parallel sessions during week .................................................... 35

Number of exhibitors ................................................................................................... �05

Number of 3X3 meter exhibition stands used ............................................................ 200

Total number of abstracts submitted ............................................................................ 5�30

Total number of accepted posters ............................................................................... ��62

Plenary talks ................................................................................................................. �0

Keynote talks ................................................................................................................ �57

Number of workshops and short courses ................................................................... 28

Total number of accepted oral presentations ............................................................. 2309

Total number removed from program (registered but unpaid) ................................... 9�4

Total number rejected at submission ........................................................................... �77

Field excursion participants (including ex-SA trips) .................................................... 844

Percentage of delegates who participated in a field trip .......................................... 20.8%
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Field trip budget ........................................................................................................... R7 million

Number of field trips .................................................................................................... 4�

Field trip medical injuries (relatively minor – stiches required) .................................. �

Field trip – number of mechanical problems with vehicles ........................................ 0

Hospitalization of delegates to Congress (day only) ................................................. �

Number of delegates attending Congress Dinner ..................................................... 800

Crimes against delegates in Cape Town (muggings) ................................................. 3

Biggest single event bar tab at Convention Centre .................................................... R279,000

Other achievements at the Congress include:
- Launch of the spectacular University of Cape Town 

Mantle Room Display (a professionally produced 
travelling ‘museum’ highlighting the research 
collection of kimberlite xenoliths collected by Prof JJ 
Gurney, co-workers and students over the past 50 
years; see cover photo for an example).

- Program set and published daily in both hard copy 
and digital app with touch screen program finder in 

corridors and broadcast of key events to exhibition 
hall. 

- Possibly the first major meeting to use a ‘kill switch’ 
on speakers exceeding allotted speaking time.  
Other organizations were assessing effectiveness; 
experiment deemed successful!  

Craig Smith

November, 20�6
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The annual GSSA Fellows Dinner was held on �0th 

November 20�6 at the Woodmead branch of the 

Johannesburg Country Club. A splendid time was had 

by all. 

Of the new fellows who were announced, a significant 

number attended the function and had this honour 

conferred. 

The guest speaker Prof Bruce Rubidge of the Evolutionary 

Studies Institute at Wits University presented a slide 

augmented presentation entitled: THE INTERNATIONAL 

SIGNIFICANCE OF SOUTH AFRICA’S PALAEOSCIENCE 

RECORD IN A CHANGING WORLD.  

Southern Africa has a truly remarkable fossil heritage 

to the extent that it is not possible to write a textbook 

on the evolution of life on Earth without extensively 

referring to the South African fossil record. Humankind 

evolved as a part of the biodiversity of Africa 

before dispersing around the world. Our country’s 

expansive fossil-bearing rock record enables the 

study of biodiversity trends through time in response 

to changes in continental positioning and climate, as 

well as to understand biotic extinctions and recoveries. 

Research on the evolution of life allows us not only the 

understanding of the past, but also to make predictions 

about our future. Humanity is in a period of radical 

technological change in a time when, for the first time 

in our history, there are more people living in urban 

than rural environments, and we are now reliant on 

technology. The evolution of new technologies creates 

new opportunities in all sorts of ways. South Africa’s 

remarkable geographic advantage in palaeoscience 

offers new opportunities for heritage tourism and job 

creation. 

Bruce Rubidge, 

Evolutionary Studies Institute, 

University of the Witwatersrand.

fellows dinner
As usual the networking was a significant part of the 

evening and many good contacts and friends were 

reunited.....

The Fellows Committee will now be in recess until the 

new year, so wishing you and yours all the best for the 

Holiday Season and the very best for the new year 

20�7. 

Gordon Chunnett

Chair: Fellows Committee

GSSA AWARDS 2015 as presented in 

2016 

Awards of Honour

DRAPER MEMORIAL MEDAL

The Draper Memorial Medal is the highest scientific 

award of the Geological Society, and was instituted 

in �932 in honour of Dr David Draper, one of the 

founding fathers of the Geological Society in �895.  

It is awarded annually to pay tribute to exceptional 

contributions to the advancement of South African 

geology.  

The 2015 award was made to Dr. Richard Dingle.  

Richard Dingle founded the Joint UCT/Geological 

Survey Marine Geoscience Unit in �967, at UCT.

The seafloor from the border of Mozambique to the 

border of Angola, out to a depth of about �000m was 

surveyed marine-geologically, for the first time in a 

systematic way.  

From the late Jurassic (very roughly �50 million years 

ago) the ancient continental mass of Gondwana began 

to split, creating the Atlantic and Indian oceans. This 
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left the Agulhus Bank off the tip of southern Africa in a 

central “cross roads” location between warm and cold 

waters, a situation that persists to the modern day.

Richard was able to show that mid Cretaceous South 

African ostracod faunas were similar to those of the 

Falklands, indicating the presence of an Agulhus Bank/

Falkland Plateau prior to the plates separating and 

creating the present day Atlantic Ocean.

It will be seen from his Publication List (over �00 

publications) that Richard Dingle was capable of a 

wide range of marine-geological research from seismic-

profiling to bathymetry (echo-sounder data), but his 

own field of specialization is micropalaeontology, 

specifically the microscopic arthropods called 

Ostracoda, which have shells like bivalves but the 

organism has eyes and legs.  

DES PRETORIUS MEMORIAL AWARD

The Des Pretorius Memorial Award was introduced 

by the Geological Society during �998 in memory 

and in recognition of the pioneering work of the late 

Professor Des Pretorius, for work in economic geology 

to geologists working in Africa. It was not actually 

awarded until 2004.  

This year the Des Pretorius award was made to Dr 

Frederick J. (Sam) Sawkins. Sam was probably most 

known as a geoscientist and author of the book “Metal 

Deposits in relation to Plate Tectonics”.  

Sam became a member of the Society of Economic 

Geologists in �972, a Senior Fellow in 2005, and 

then Honorary Fellow in 20�4, the later for rendering 

extraordinary service to SEG or to the science and 

practice of economic geology. 

Sam’s work included a great many papers and he could 

qualify equally for ether the Draper and or the Des 

Pretorius’ awards as his work is initially academic and 

led to the better understanding of the various deposit 

styles and their tectonic relationships (Draper), but is 

also very relevant to the industry, especially exploration 

and the economic geologist (Des Pretorius).

Sadly Sam passed away recently, but was aware of the 

award of honour being bestowed on him. 

SCIENTIFIC AWARDS

Jubilee Medal

The Jubilee Medal of the Geological Society was 

instituted in �945 to commemorate the 50th anniversary 

of the Society.  It is awarded annually for a paper of 

particular merit published in the South African Journal 

of Geology (SAJG) or in Special Publications of the 

Society.  

The Jubilee Medal for 20�5 was awarded to: 

Key, Cotterill & Moore: The Zambezi River: an archive of 

tectonic events linked to the amalgamation and disruption 

of Gondwana and subsequent evolution of the African 

Plate, was adjudged as the best paper for 20�5. 

STUDENT AWARDS

The Society gives awards to students on an annual 

basis, including the John Handley award, the 

Corstorphine Medal, the Haughton award, and the 

SACNASP award.  

Corstorphine Medal and John Handley Award

The John Handley Award was introduced by the 

Geological Society during 2002/2003 to recognize 

the best MSc thesis awarded at a South African 

University in the year prior to the award.  

This year the John Handley Award was awarded to 

Matthew Mayne of Stellenbosch University. 

The Corstorphine Medal was instituted in �927 to 

commemorate George Corstorphine’s exceptional 

services to South African geology, and recognizes 

an MSc thesis with exceptional merit, worthy of 

international recognition. It is not necessarily awarded 

in any given year.  In some years, under exceptional 

circumstances, dual awards may be conferred, and this 

is the case for 20�4.  
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The Corstorphine Medal for this year was presented 

to Sameera Mohamed of Pretoria University under the 

guidance of Prof Walty Altermann. 

SACNASP AWARD

The Society in conjunction with SACNASP, periodically 

awards a prize for the best fourth year student in the 

earth science, irrespective of whether a thesis has been 

produced. The award is presented on the basis of the 

final year mark and scholastic achievement.  

This year the South African Council for Natural Scientific 

Professions (SACNASP) award was presented to Jean 

Loock of Stellenbosch University under the supervision 

of Prof A.N. Roychoudhury.

The Haughton Award 

The Haughton award is made annually to recognize a 

meritorious Honours thesis produced at a South African 

University in the year prior to the award.  

The Haughton award for 2015 was conferred on 

Kreesan Palan of UKZN under the guidance of Prof 

Andrew Green. 

The cash award of R2500 was deposited into their 

accounts.

Link to view images of the Fellows dinner event:

https://www.dropbox.com/sh/7n704twv88oa2v9/

AAAPnvmmdM3RYrJ3TTAdNe49a?dl=0
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STELLENBOSCH UNIVERSITY

In this issue, Stellenbosch presents two student-
focussed items. The first is hearty congratulations 
to Jean Loock who won ‘best oral presentation’ (The 
seasonal distribution and controls of bioactive trace 
elements cadmium and cobalt in the southern ocean, 
Atlantic sector) and Ryan Cloete who won ‘best poster 
presentation’ (The distribution and controls of bioactive 
trace elements (Cu and Zn) in the Atlantic Sector of the 
Southern Ocean) at the 34th Scientific Committee on 
Antarctic Research conference held in Kuala Lumpur, 
Malaysia in late August (just missing the previous 
reporting cycle). Their presentations were based on 
their Master’s degree work at Stellenbosch, and were 
in competition with all other post-graduate students. 
The photograph below shows the three Stellenbosch 
students who attended the conference, 
 
Ismael is also an MSc student and presented his work 
on atmospheric dust deposition as a source of trace 
metals in the Southern Ocean. 

John Clemens

Kaukurauee `Ismael’ Kangueehi, Ryan Cloete and Jean Loock

The second contribution is a special report on an 
interesting educational experiment involving the 
Johannesburg Stock Exchange.

Putting the “Economic” into Mineral Economics: Using 
the JSE investment trading platform as an educational 
tool for Honours-level geology students.

Third-year geology graduate students who enter into their 
Honours year should do so with a good understanding 
of economic geology. That is, they should be able to 
explain the modified paleo-placer model for the Wits, 
they may be able to reproduce the Lowell-Guilbert 
model for alteration mineral assemblages around 
porphyry deposits, and the more studious will be able 
to explain the classification of different volcanogenic 
massive sulphide deposits. They should also understand 
a bit about the laws of supply and demand, as applied 
to mineral commodities. Most, however, will not have 
had any practical applied experience in the economic 
aspects of economic geology.

Between March and September 20�6, this gap in their 
education was addressed using the Johannesburg 



Volume 59 ~ Number FOUR ~ DECEMBER 2016

        geobulletin   DECEMBER 2016        �7

U
N

IV
E

R
S

IT
Y

 N
E

W
S

Stock Exchange (JSE) University Investment Challenge 
as a platform (more specifically, the Inter-University 
Economic Geology Investment Competition- trial version 
1.0). Although there was some initial interest from the 
University of the Western Cape, eventually it was 
eleven teams from the Universities of Cape Town and 
Stellenbosch that entered into the competition. After a 
brief introduction into the fundamentals of share trading, 
students were given the assignment of maximising their 
fantasy profits by investing R�M in mineral resource 
companies listed on the JSE – like a giant game of 
monopoly for adult geologists, but without Eloff Street 
(because it’s probably been renamed*). For each 
investment decision, students needed to investigate 
and understand the relevant commodity cycle, the local 
and international influences on the share price and the 
performance and structure of the resource company 
in which they were choosing to invest (e.g. market 
capitalisation, recent quarterly earnings reports, etc.). 
At the end, an inter-university, oral report-back session 
would be held and students would share their learnings, 
experiences and investment strategies.

The aptly-named UCT team “The Schists” (Katlego 
Ramahala, Nonkululeko Buthelezi, Jessica von der 
Meden and Sarah Pein) were the best-performing 
geology team, finishing the nation-wide competition in 
6th position overall and growing their R�M investment 
to R�.206M. This is especially remarkable given that 
the assignment necessarily limited the share trades that 
could be made to mineral resource companies only 

(i.e. just 72 of the ~360 companies listed on the JSE). 
The second-best-performing geology team “Blood, 
Sweat and Beers” from Stellenbosch (Aidan Bagley, 
Jonathan Gloyn-Jones and Sabine Henry) gained 
5�st position overall. They diversified their investment 
approach and attained good returns through short-
term gold investments. Coming in third place, and also 
from Stellenbosch University, were the “Dynamites” 
(Andrea Molifie and Boitumelo Kolwane) who reached 
65th overall. They invested largely in companies listed 
on the JSE best-share list and were able to recover well 
from early losses incurred through investing in Tawana 
Resources (delisted from JSE during the competition!).

The Inter-University Economic Geology Investment 
Competition- trial version 1.0 has been extolled as 
a great success by all the students who took part. 
In the words of Aaron Adler, from team “Something 
Gneiss” (UCT), who at one stage placed 9th overall, 
“I did indeed enjoy the challenge, as it exposed me 
to many new fields of study and showed me the far 
reaching effects of geology.” The students themselves 
must be congratulated for the enthusiasm and vigour 
with which they tackled the task. It is hoped that the 
experiential learning associated with this approach will 
have prepared them well for when they start to earn 
and invest their own money as valuable contributors to 
the future SA minerals industry.

It is anticipated that the NON-trial version 1.0 will 
run in 20�7. It is planned that this event should be as 

Andrea Molifie and 
Boitumelo Kolwane 
preparing to impress 
classmates with their 
wisely-chosen investment 
strategies, which resulted 
in their placing of 65th 
overall in the JSE 
investment challenge.
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Overall position

6

5�

65

87

���

20�

320

330

534

578

6�4

68�

Team name

The Schists

Blood, Sweat and Beers

Dynamites

RMC

Control (no investments)

Something Gneiss

Pyrites

Juvenile Success Enterprise

Dolfyne

MEA Miners

Formation

The Gold Standards

University

UCT

Stellenbosch

Stellenbosch

Stellenbosch

UCT

UCT

Stellenbosch

Stellenbosch

Stellenbosch

Stellenbosch

UCT

Growth

20.6� %

7.56 %

6.8� %

5.75 %

5.48 %

4.73 %

3.�8 %

2.97 %

-0.4� %

-�.96 %

-3.�8 %

-6.56 %

Sabine Henry, 
Jonathan Gloyn-Jones 

and Aidan Bagley 
describe how political 

instability can strongly 
affect investor confidence 

and negatively impact 
on the performance 

(share prices) of mineral 
resource companies.

inclusive as possible and invitations for participation 
will be extended to all of SA’s tertiary Earth Science 
departments. If you wish to be involved in 20�7, or 
if are an industry partner that would like to sponsor 
prizes or a floating trophy, please contact the author 
at bvon@sun.ac.za.
 
*The author lectures economic geology at Stellenbosch 
University and acknowledges that he has no knowledge 

of the Johannesburg streets, except that he wants 
to own five hotels on Eloff and that his token should 
be the top hat. The author would also like to thank 
Lynette Greyling for encouraging the UCT scholars and 
Ralph Speirs and the team at the JSE for allowing the 
geologists to piggy-back on their exciting and well-run 
competition.

Bjorn von der Heyden
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UNIVERSITY OF THE FREE STATE

The past year was busy as usual with undergraduate 

and honours students embarking on numerous field trips 

across the country and with staff members travelling 

both locally and abroad. Staff members and students 

presented their work at several conferences including 

Precious Metals 20�5 (Cornwall, UK, May 20�5), 

the Society for Geology Applied to Mineral Deposits 

conference (Nancy, France, August 20�5), Goldschmidt 

20�5 (Prague, Czech Republic, August 20�5), the Layered 

Intrusions Research Group Meeting (Potsdam, Germany, 

August 20�5), the Igneous and Metamorphic Studies 

Group Meeting (University of Cape Town, January 

20�6), the 35th International Geological Congress 

(Cape Town, August-September 20�6) and the �3th 

International Ni-Cu-PGE Symposium (Perth, Australia, 

September 20�6). Chris Gauert and Freddie Roelofse 

also attended a workshop in August 20�5 organised 

by the International Continental Scientific Drilling 

Programme at the Deutsches GeoForschungsZentrum 

(Potsdam, Germany), to discuss matters related to a 

potential drilling project in the Bushveld Complex.

A total of 72 degrees were awarded by the Department 

over the course of 20�5; with 4� students receiving BSc 

degrees, 25 honours degrees, � an MSc degree, and 

5 Master’s degrees in Mineral Resource Management. 

The Department was responsible for the presentation 

of six undergraduate and three honours programmes, 

as well as the master’s degree in Mineral Resource 

Management (MRM), and supervised the continued 

research of 46 students in the MRM programme, 9 MSc 

candidates and 5 PhD candidates over the course of 

20�5. The MMRM-degree is in the process of being 

phased out, and the first intake of 8 students into the 

new MSc (Mineral Resource Management) programme 

took place in July 20�6.   

Willem van der Westhuizen retired at the end of 20�5 

after being associated with the department for more than 

40 years. Gerard Germs was appointed as affiliated 

associate professor and two post-doctoral researchers, 

Matthew Huber and Elizaveta Kovaleva joined the 

Department during the course of 20�5, with the latter 

winning the prize for the best presentation by a PhD 

student at the 20�6 Igneous and Metamorphic Studies 

Group Meeting hosted by the University of Cape Town. 

The department was saddened by the loss of Johann 

Claassen and Chris Gauert, who decided to pursue 

greener pastures, and excited by the appointment 

of Robert Hansen as lecturer in environmental 

geochemistry. 

Bianca Kennedy, MSc student of Marian Tredoux, 

was awarded the 20�5 Corstorphine Medal and the 

Staff and students at 
the 35th International 
Geological Congress
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John Handley award of the Geological Society of 

South Africa for her dissertation entitled “Investigation 

of the possibility of platinum-group element clusters in 

magmatic systems using synthetic sulphide melts”. Bianca 

shared these two awards with Michael Hartnady of the 

University of Cape Town.

Several Geotalks were presented over the past year on 

a variety of topics including: 

i)    the use of portable XRF equipment in geology (Stuart 

Bateman); 
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ii)   mineral exploration in Greenland (Jock Harmer); 

iii) the development of the Kakamas terrane (Jan van 

Bever Donker); and 

iv) radio-active waste disposal at Vaalputs (Marco 

Andreoli). Colin Rice of Colin Rice Exploration 

and Training presented a one-day “Introduction to 

Drilling” course to the department’s honours students 

in April. 

Until next time.

Freddie Roelofse

Honours students at 
an alluvial diamond 

mine on their 2015 
mineralogy fieldtrip

Honours students studying 
stromatolites in a dolomite 

quarry on their 2015 
mineralogy fieldtrip
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book review
Microminerals of the Bushveld Complex in South 

Africa by Maria T. Atanasova, Bruce Cairncross and 

Wolfgang R. Windisch

Book Review: P.J.A. Bosch

The Bushveld Complex in South Africa is world 

renowned as a mineralized layered igneous complex 

containing Platinum and Chromium and other Rare 

Earth Elements but only a few people are aware of 

the multitude of various secondary minerals that were 

formed in the oxidized zone of the Complex due to 

chemical weathering of the pre-existing minerals, 

leaching and subsequent re-deposition.  It may therefore 

come as a welcome surprise when you page through 

the book to find that you are immersed into a world of 

microminerals where the lines between the inorganic 

and living become blurred. You will find similarities 

to spectacular starburst fireworks, snow flake crystals, 

sea urchins needles, hedgehog spikes, multicoloured 

lichen, cotton-wool orbs on delicate needles, warted 

stalagmites and stalactites, clusters of giant cubes and 

hexagonal quartz from forbidden planets, bunches of 

proliferous Echeveria roses, coral branches, sponges 

and anemones on tropical reefs and ancient markings 

on shiny metallic castle walls. This is just the tip of the 

iceberg in an attempt to describe the myriad of shapes, 

textures and colours from the world of microminerals. 

The book is 29, 5 cm tall, 20.5 cm wide and 3 cm 

thick with 437 pages. It is absolutely jam-packed with 

tables, figures, locality and thematic maps, modern 

and historic photographs of the localities, 472 black 

and white SEM images as well as 475 vibrant, digitally 

prepared colour photographs of the minerals under the 

reflective microscope.

This book is the sixth addition to the Popular Geoscience 

Series published by the Council for Geoscience 

(CGS). The previous books are: Tswaing Meteorite 

Crater  ̶  An introduction to the Natural and Cultural 

History of the Tswaing Region including a Description 

of the Hiking Trail by Reimold, W.U., Brandt, D., De 

Jong, R & Hancox, J (�999), A first Introduction to the 

geology of the Bushveld Complex and those aspects 

of South African Geology that relate to it, by Eales, 

H.V (200�), The Building Stones of Cape Town, by 

Cole, D.I. (2002), Meteorite Impact! (3 rd. Edition by 

Reimold W.U. and Gibson, R.L. (2005) and lastly The 

Bushveld Complex, An Introduction to the Geology 

and setting of the Bushveld Complex, Second Edition, 

by Eales, H.V (20�4).

This book is the culmination of the combined and 

unique effort and skills of the writers over nearly a 

decade that will be very hard to repeat. Maria T. 

Atanasova is a professional mineralogist and the 

Head of Mineralogy at the Council for Geoscience 

where she does research on mineral structures and 
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properties with the aid of specialized analytical and 

optical facilities. Most of the microminerals illustrated 

in the book were identified or confirmed by her using 

specialized analytical methods including Scanning 

Electron Microscope (SEM) and X-Ray diffraction 

(XRD) and the book includes many SEM photographs 

and EDS spectrums from her work. Bruce Cairncross 

is a Professor of Geology at the University of 

Johannesburg and is an expert on Southern African 

minerals and rocks. He is a seasoned writer as 

confirmed by the nine books he has written or co-

authored and also his numerous publications in 

popular and scientific journals. Wolfgang (Wolf) 

R. Windisch is an expert micromineral collector 

and photographer who has amassed a spectacular 

collection of over �2 000 specimens, mostly self-

collected, from all over Southern Africa.  Wolfgang’s 

expertly stored and cataloged collection as well as 

his magnificent colour photographs forms the basis of 

this book on microminerals of the Bushveld Complex.  

The publication and editorial team of the Council for 

Geoscience is credited with linguistic editing, the 

layout and helping with the printing of the book.

The book contains thirteen chapters and a 

comprehensive glossary at the end. In the first 

chapter the reader is provided with an introduction 

to microminerals and the Bushveld Igneous Complex 

and the following twelve chapters’ covers the history, 

geology and the microminerals found around 

thirteen different localities in the Bushveld Complex. 

The introduction provides a general geological 

overview of the Bushveld Complex and explains 

how the secondary mineralization of the Bushveld 

Complex resulted in the formation of the magnitude 

of microminerals. Microminerals and micromounts 

are explained as well as where to look for them and 

how to do micromounting. The identification and 

importance of proper documentation of microminerals 

is explained and the cost of building a collection and 

the possible value of microminerals are discussed.  

The collection of Wolf Windisch is introduced with 

photographs showcasing his impressive home-made 

cabinets for storing the micromount specimens. He 

also discusses how he goes about collecting in the 

field and preparing the microminerals for mounting 

and digital photographing under the microscope. 

Finally the chapter provides a list of 35 minerals that 

were reported   for the first time in South Africa during 

this study and also a list of localities visited during 

the study. The localities, which are also the heading 

of the chapters are Argent, Boekenhouthoek, Buffalo 

Fluorspar Mine, Edendale, Houtenbek, Kruisrivier, 

Kwaggafontein, Marlin Norite Quarry, Slipfontein 

(Big Ben Mine), Stavoren, Tooyskraal, Vaalkop Dam 

and Vergenoeg.

As mentioned every one of Twelve Chapters are 

devoted to a specific locality with the exception of 

Chapter �0 where Slipfontein (Big Ben Mine) and 

Tooiskraal are discussed in the same chapter.  Most 

Chapters are divided into sections that discuss the 

history and locality of the related mining activity, the 

geological setting and the microminerals found at the 

locality. Information regarding the history and locality 

for the related mining activity were not provided in 

a separate section for Kwaggasfontein (Chapter 8), 

Marlin Norite Quarry (Chapter 9) and Vaalkop Dam 

(Chapter �2). The history of the mining activities and the 

localities of the sample areas are amply explained with 

the aid of various historical geological maps, sketches, 

cross-sections and classical historical as well as 

vibrant modern colour photographs from the area. The 

geological setting of each of the localities are shown 

with colourful �: �25 000 scale maps and legends 

with the exception of Tooyskraal and Slipfontein which 

occur on a �:230 000 scale map compilation.  

The microminerals found at every locality are tabled 

with their chemical composition, the source of the 

information as well as an indication whether the 

occurrence was confirmed during this study or whether 

it is a totally new mineral found during this study.  

This is followed by a description and spectacular 

photographs of some of the individual minerals found 

at the locality. The description of the minerals shows 

their International Mineralogical Association (IMA) 

status, their general occurrence and association with 
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related minerals and their mode of occurrence at the 

specific locality. Structural models of the minerals are 

also shown as well as EDS spectrums that confirmed 

the type of mineral and other element contaminations 

or mineral intergrowths. Excellent black and white, 

well-annotated Scanning Electron Microscope (SEM) 

images of the minerals, some at different enlargements 

of areas on the same specimen provides even more 

detailed images of the minerals. The dazzling colour 

photographs of the microminerals were mostly taken 

with a digital camera on board a reflective microscope.   

They provide bright,  clear, sharp images where all the 

parts of the minerals are in focus and the quality is 

such that you can almost feel the texture of the minerals 

for example the  woolliness of some crystal balls, the 

sharp spikes of mineral needles and the smooth edges 

of prisms. The amount of time and energy spent on 

these photos must be enormous considering that most 

of the photos do not represent a single snap shot but 

various images taken  with varying focus points which 

was digitally overlain and compiled with the aid of  

special  computer programs. 

Maps on a �:2,350 000 scale, showing the 

geochemical distribution of various elements in the 

soil above the Bushveld Complex, are included with 

the �2 chapters. The reason for the inclusion of these 

maps is discussed under “Secondary mineralization” 

in Chapter � (Introduction), but why the maps are 

attributed to specific chapters (localities) is not clear. 

Investigation of the soil geochemical maps and the 

type of microminerals from the various localities in the 

book mostly show a strong correlation, however some 

trace elements attributed to a specific chapter (locality) 

also showed a strong correlation with microminerals in 

some of the other locations. The relationships between 

the occurrences of microminerals related to the 

distribution of soils might have been more obvious and 

clear if the maps were placed together with the section 

on “Secondary mineralization” in the introduction, 

with reference to the soil geochemical maps at the 

various locality discussions. Also, if these maps were 

placed together, it would have made comparison of the 

distribution of these elements in the soil, easier.

Every mineral collector, not only of microminerals, 

should seriously consider adding this book to their 

collection because  if they  do not have the  time 

or resources to collect and photograph the minerals 

themselves, this book affords them easy, quick 

access  to look at some of the best specimens and 

photographs of microminerals in the world. The book 

should encourage general mineral collectors to be 

aware of the possible presence of microminerals at 

their normal “hunting” grounds. Although collectors of 

normal mineral specimens would probably seriously 

consider adding microminerals to their collections, 

the need for specialized equipment and sometimes 

expensive analytical methods to identify the minerals, 

might be a stumbling block. However, micromineral 

collecting has a large potential for luring new 

micromineral “hunters” as more types of minerals may 

be added to the list of some localities, new localities 

may be investigated and it is highly possible to even 

find minerals not previously known to science. Only 

a relatively small portion of the Bushveld Igneous 

Complex was sampled and there remain large portions 

of the area which might yet yield new microminerals, 

for example the discovery lately that the Northern 

Limb of the Bushveld Complex extends further to the 

north. In addition there are many other areas in South 

Africa which are mineral-rich, have gossans and 

shows above normal concentrations of some elements 

in the soil.

This book would be a prized addition to your 

coffee-table book collection due to its high aesthetic 

qualities and also as a welcome source to aid in 

the identification of microminerals. Interested people 

should be warned that the book had a limited printing 

run and might become sought after Africana! The 

price of the book at R�000, 00 appears to be to 

high but considering the amount of work and quality 

of the photographs and information it is real value 

for money. This book is a must for every Bushveld 

Complex geologist, international geologists interested 

in and researching layered igneous complexes, 

mineralogist’s and people generally interested in the 

geo-heritage of the area.

Pieter Bosch
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SIGC field trip
IGC Field Trip to the Eastern Limb of the Bushveld 

Complex August 2016 (Pre-7)

The group of 32 geologists representing approximately 
a dozen countries and six continents commenced 
the six-day field excursion to the Eastern Limb of the 
Bushveld Complex on 22nd August. Despite blustery 
conditions and a dust-laden sky for the first two days, 
the remaining four days yielded near perfect field 
conditions. The excursion was focussed on examining 
all five zones of the Rustenburg Layered Suite (RLS), 
together with the floor and roof rocks and associated 
sills. The principle emphasis, however, was directed 
at the intricately layered Critical Zone and the 
economically mineralized chromitite and PGE reefs. 

Of the many highlights of the excursion, the visit 
organized by Bennie Cilliers, Jacolene De Klerk, 
and Sifuso Mthethwa at the Marula Mine (Impala 
Platinum) to the old workings on the Merensky Reef at 
Winnaarshoek, as well as examining sections in the 
core shed was probably the most abiding memory.   
The visit to the open pit of the De Grooteboom chromite 
mine, organized and supported by Casper Van Wyk 
a principal of the company, as well as Moose Kruger 
who described the geology of the chromitite layers and 
kindly brought some representative drill-core, was also 
greatly enjoyed, not only for the exposures in a clean 
face but also for the cessation of operations during 
our visit. The support from Wimpie Britz and Nkateko 
Machumele at Modikwe Mine who assisted and 

Visiting the core shed at the Marula Mine, Impala Platinum.  

Front row (from left): Bin Wan; Taro Kabashima; Hongfu Zhang; Xiaoqui Zhang; Cong Zhang; Sifiso Mthethwa (Impala); Jingsui 

Yang; Jian-shen Qiu; Qin Wang; Dmitry Konopelko; Elena Adreeva; Dongmei Tang; Jian-Shea Qiu; Fahui Xiong; Nkateko Machumele 

(Modikwe Mine). 

 

Back row (from left); Roger Scoon; Ke Pang; Kui Yan; Masanori Shimojo; Janina Wiszniewska; Jim Austin (holding sign); Morgan 

Blades; Ilka Kleinhanns; Kyoung Yang; Dainne Silveira; Elizabeth Mashishi (Impala); Joachim Krause; Venetia Pitsi (Impala); Bob Kay; 

Tobias Hofig; Percy Siaga; Stuart Hill; Arijit Ray; Suzanne Kay; Bennie Cilliers (Impala).  Photograph by Jacolene De Klerk.
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guided us with visits to the UG3 at Maandagshoek, the 
Onverwacht Pipe, and drill-core sections of the UG2 
at the mine core shed is also gratefully acknowledged.  
The IGC committee and the excursion leader (RNS) 
express our gratitude to the above as well as to all the 
staff at Gethlane Lodge where we were extremely well 
looked after for all six nights, to the drivers, Johannes 
Khumalo and Simon Netshipise who negotiated some 
difficult off-road driving with the Springbok Atlas buses, 
and also to Gail Theron of Grosvenor Travel. RNS 
would personally like to thank all the delegates who 
made the experience so rewarding and particularly for 
the barrage of questions that kept me on my toes. 
 
DAY 1: 

After the pickup at ORT, the participants enjoyed 
the views of one of the other great minerals fields 
of South Africa with headgears, old sand dumps 
and slimes dams associated with gold mining on the 
Witwatersrand Supergroup (2.8 Ga) visible on the 
eastern outskirts of Johannesburg. The occurrence of 
some of the world’s most extensive coal fields on the 
high interior plateau (elevations of �700-�800 m) in 
the vicinity of Witbank, where most of the electricity 

Typical view of the 
Eastern Limb in 

late winter with the 
Springbok Atlas buses on 

the far left.  
Photograph by Qin Wang.

generated in South Africa is obtained from generating 
stations linked to mines located on near-horizontal 
Permian strata was also discussed. The route north of 
Middleburg also exposed the group to sites of many 
of the huge plants that upgrade and process Bushveld 
ores, e.g., ferrochrome, high grade chromium-steel, pig 
iron, and vanadium.   Felsites of the Rooiberg Group, a 
significant component of the roof rocks to the RLS were 
examined in road cuttings at Loskop Dam.   Views of the 
Tauteshoogte Escarpment (Upper Zone and a capping 
of felsite) Rooiberg Group and the long drive along the 
Steelpoort Valley provided the first experience to many 
of the rugged scenery and immense size of the Eastern 
Limb.  The final part of the drive to Gethlane Lodge, 
our base for all six days, involved skirting the rugged 
“Burgersfort Bulge”, prior to cutting across hornfels of 
the Silverton Formation. 

DAY 2: 

The entire day was spent in the Northern Sector where 
participants were introduced to the importance of 
recognizing structural complexities including occurrence 
of the Lower Zone in discrete subchambers.    Stops 
were made to examine sills of micropyroxenite (syn-

Rheomorphic breccia 
with dark blocks of 

Marginal Zone embedded 
in a pinkish matrix 

(quartz-rich granophyre) 
probably derived from 

partial melting of the 
impure quartzite floor, 

Hendriksplaats 
(Day 2; Stop 1). 
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grained noritic and micropyroxenite) with disharmonic 
folds and xenoliths of calc-silicates encouraged 
considerable debate. A visit to the De Grooteboom 
Mine, operated by the Boulder Group, where the 

MG chromitite layers are exploited from an open pit 
was greatly appreciated.  The three chromitite layers 
primarily being extracted, MG� (Cr2O3: 4�.9%; Cr/
Fe: �.553), MG2 (Cr2O3: 40.3%; Cr/Fe: �.365), and 
MG3 Cr2O3: 35.9%; Cr/Fe: �.3�2), together with the 
subordinate MG4 (Cr2O3: 3�.5%; Cr/Fe: �.�96) - 
whole-rock analyses provided by the mine – contain 
substantial PGE that may in the future be produced 
from concentrates. The closure of the one pit for the 
duration of our visit provided a unique opportunity to 
not only examine the superb layering but also sample 

Examining some of the 
ultramafic rocks that 
comprise the rugged 
topography typical 
of the Lower Zone, 
Mecklenburg 
(Day 2; Stop 6).

Bushveld), amphibolite (pre-Bushveld) and peridotite, 
as described and defined by Martin Sharpe in his 
�982 guidebook and articles, as well as the classic 
migmatite in the contact zone at Hendriksplaats. The 
long drive northward along the R37 provided extensive 
views of the classic layering of the Critical Zone with 
mine workings, at Mooihoek and Groothoek, for 
example, associated with the LG6 chromitite layer.  
Due to security issue the famous Olifants River traverse 
could not be undertaken; the Lower Zone, including 
magnesite veins in a layer of dunite and olivine-bearing 
bronzitite was examined at Mecklenburg. The highlight 
of the afternoon was a visit to the Mooihoek Pipe, the 
first economic discovery of PGE in South Africa (made 
by Hans Merensky in �924).  The weathered dunite (or 
birbirite) is enclosed by a far larger and more irregular 
rim of much darker wehrlite and clinopyroxenite 
pegmatite, the latter including downward-tapering 
apophyses indicative of magmatic replacement 
(scalloped contacts) of the leuconorite wall rocks.  The 
term magmatic replacement, possibly originally coined 
by Percy Wagner (�929) was subjected to considerable 
debate and appears not to be generally accepted.   

DAY 3:  

The first stop in a traverse of the Southern Sector was 
at De Grooteboom, at the crest of the Dwarsriver Pass 
where an exposure of Marginal Zone migmatite (fine-

Folding of 
fine-grained 
norite and 
micropyroxenite, 
Marginal Zone, 
De Grooteboom 
(Day 3; Stop 1).
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the chromitite seams in situ. The pit included a face 
in which the MG�, MG2, and MG3 chromitite layers 
were exposed together with a downward-tapering, 
discordant body of iron-rich ultramafic pegmatite (IRUP).  
The IRUPs are associated with dense, iron-rich melts 
derived from within the RLS that drained downward 
and replaced earlier-formed cumulate layers. In this 
area of the Eastern Limb, many of the IRUPs, such as 
the example observed in the open pit, have probably 
drained downward (exploiting syn-Bushveld structures) 
from giant sheet-like bodies that cap the flat-topped 
hills.

Primary layering 
with chromitite 

layers (MG1-MG3) 
(right) disrupted 
by a downward-

tapering, discordant 
body of IRUP 
(foreground), 

De Grooteboom 
open pit 

(Day 3; Stop 2).

The favourite lunch stop of the excursion was, 
predictably, the Dwarsrivier National Monument, 
one of the most famous geological localities in South 
Africa. The exposure of the thick UG� chromitite layer 
together with the thin, bifurcating layers that penetrate 
the anorthosite footwall is remarkable.  The main layer 
is thickest in the southern part of the exposure (west 
of river) and can be seen to initiate the bifurcation 
by the presence of a thin wedge of anorthosite that 
creates two layers of approximately equal thickness. 
The upper layer remains intact, but the lower layer 
divides, initially into two relatively thick layers, then 
repeatedly bifurcates into more and more, and 

Lunch at the 
Dwarsrivier 

National Monument.  
Participants, including 

Moose Kruger (far 
right) who joined us for 

the day, but excluding 
Bob Kay who is 

standing, are sitting on 
a dip slope with relict 
patches of chromitite 

(one of the footwall 
layers to the UG1) 

(Day 3; Stop 3).
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thinner and thinner, layers and stringers. Most of the 
bifurcation is seen to occur in a northward direction 
although some layers and stringers also rejoin the 
primary layer. The thin chromitite stringers reveal 
evidence of both brittle and ductile deformation, the 
latter suggesting migration of interstitial melt. Other 
features of note are partially-resorbed xenoliths 
of anorthosite within the chromitite and dendritic-
shaped mottles of pyroxene in the anorthosite. A 
hypothesis of injection of chromite-charged magma 
accompanied by a major seismic event to produce 
syn-deformational features triggered considerable 
debate.  The origin of the dendritic mottles due to 

The chaotic footwall con-
tact of the UG1 chromitite 
includes dendritic mottles 
of pyroxene within the 
underlying anorthosite, 
Dwarsrivier National 
Monument 
(Day 3; Stop 3).

partial (disequilibrium) melting of the anorthosite as 
described in a �998 article by Andrew Mitchell also 
provoked some lively exchanges of views.  
 
The afternoon was completed with a brief visit to 
the Kennedy’s Vale locality to examine the massive 
vanadiferous Ti-magnetite ore with this unusual, zoned 
discordant body, as well as field exposures of a 
pipe-like body of IRUP at Spitskop.  The IRUP forms 
a small, rounded hill, which together with the red soil 
and abundant magnetite float is characteristic of these 
resistant rocks.   

The first group to visit 
the glory hole at the On-
verwacht Pipe.  Third 
from the left (back) is 
Volker Steinbach who is 
absent from the group 
photograph at Marula.  
Visible in the face are the 
reticular magnesite veins 
within the buff-coloured 
magnesian dunite (centre) 
and a dark brown wedge 
of hortonolite dunite 
pegmatite (right) 
(Day 4; Stop 3). 



	 30        geobulletin   DECEMBER 2016

A
R

T
IC

L
E

S

DAY 4: 

The day included a traverse of the UG3 chromitite 
at Maandagshoek, a classic example of the unusual 
layering that characterizes the upper part of the 
Critical Zone, e.g. anorthosite (footwall), chromitite, 
and feldspathic orthopyroxenite (hangingwall), as well 
as an opportunity to example drill-core sections of the 
UG2 Reef at the Modikwe Mine, a joint venture between 
African Rainbow and Anglo Platinum. The afternoon 
was spent walking traverses of the Onverwacht Pipe, 
one of only four PGE-rich pipes ever located. The 
semi-concentric zoning of a large, irregular body 
of magnesian dunite (Fo83-82), an outer envelope of 
harzburgite, and a core-zone of hortonolite dunite and 
wehrlite pegmatite (Fo50-44) was appreciated by all. 
The site of the glory hole with the prominent magnesite 
veins forming a reticulate pattern defining primary 
joints in the magnesian dunite as well as the small 
protuberances and veins of hortonolite dunite and 
wehrlite pegmatite is as spectacular as ever. We also 
discussed the occurrence of the LG7 on the northern 
flanks of the pipe where the chromitite can be seen 
to be disrupted and the orthopyroxenite wall rocks 
converted to harzburgite.

DAY 5: 

The entire day was spent under the hospitality of Bennie 
Cilliers and his team at the Modikwe Mine of Impala 
Platinum. The old workings on the Merensky Reef at 
Winnaarshoek were developed by Hans Merensky’ 

Lydenburg Platinum Ltd in �925 and refurbished by 
Platexco Inc. in �997. The Merensky Reef in this area is 
constrained to a section of feldspathic orthopyroxenite 
that averages 2-3 m in thickness with two chromitite 
stringers located �.8 m apart. The three styles of reef 
identified in the 2007 article by Andrew Mitchell and 
RNS were examined in channel samples spaced at 5 
m intervals along a drive. Despite the gross relative 
uniformity on a property-wide scale, channel samples 
display remarkable variations in petrology, mineralogy 
and grade distribution. These features are reconciled 
with a hypothesis whereby the “Reef” formed through 
a sequence of sill-like injections of new magmas into 
a partially crystalline substrate, an explanation that is 
consistent with the irregular nature of the hangingwall 
contact and the bimodal nature of the unit i.e. the 
occurrence of a basal component of pyroxenite and 
an upper of anorthosite with no evidence of fractional 
crystallization. These observations were supported by 
a surface traverse along the superb outcrop where field 
relationships are particularly compelling. 

The lunch stop in the core shed at the Marula was 
greatly appreciated as the mine provided an excellent 
picnic lunch and went to considerable effort to lay out 
sections of drill-core. Cores included the economically 
important interval that hosts the Merensky and UG2 
Reefs but also long stratigraphic sections of the Critical 
Zone (LG� through MG4 chromitite layers), the entire 
Main Zone – including some of the remarkably-complex 
anorthosite marker layers – and a section of the Upper 
Zone that included most of the 25 Ti-magnetite layers 

Sampling the mine 
dumps for Merensky 

Reef, old workings at 
Winnaarshoek.  View 

looking north-east 
towards the Marula 

Mine (UG2) with 
the mountains of the 

metamorphic aureole 
in the background.  

Photograph by Qin Wang 
(Day 5; Stop 1).



Volume 59 ~ Number FOUR ~ DECEMBER 2016

        geobulletin   DECEMBER 2016        3�

A
R

T
IC

L
E

S

The entrance to the Tsate 
Memorial is marked 
by large boulders of 
gabbronoritic rocks of the 
Lower Main Zone 
(Day 5; Stop 3).

found in the Eastern Limb. The group was fascinated 
by the complexity of the layering, and agreed that the 
Upper Critical Zone in particular is a unique sequence 
that is still poorly understood. The day was completed 
with a drive into the Tsate Valley to examine exposures 
of gabbro from the Lower Main Zone – including views 
of the Main Mottled anorthosite, which crops out as 
prominent slabs in the hill faces – and a visit to the 
Memorial to commemorate the battle of Sekhukhune in 
�879.  
 
DAY 6: 

The final day was spent examining exposures of the 
Upper Zone at Magnet Heights, to the west of the old 
Steel Bridge. The Main Magnetite layer is exposed in 
a number or rock pavements and ledges carved out 
by a tributary of the Steelpoort River. The average 

thickness of this layer is 2 m and the V2O5content 
is typically �.8%. The massive nature is clearly 
apparent although textural features are emphasized 
on weathered surfaces. The Ti-magnetite is coarsely 
crystalline due to annealing and expulsion of interstitial 
material and exsolved grains of ilmenite and ulvospinel 
are etched into weathered grains. Silvery crystals of 
granular ilmenite and small oikocrysts of interstitial 
plagioclase also occur. The contact with the footwall 
mottled anorthosite is sharp – this layer may include 
disseminated base-metal sulphides – whereas that with 
the hangingwall anorthosite is gradational. A short 
traverse to examine upper layers �-3 as well as the 
interlayered magnetite gabbro was also included.

Photographs by RNS unless otherwise acknowledged.
Submitted by R N Scoon, November 20�6
rnscoon@iafrica.com

The 2m-wide Main 
Magnetite layer is 
underlain by a prominent 
layer of anorthosite in the 
Upper Zone at Magnet 
Heights 
(Day 6; Stop 1).
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IGC Field Trip to Northern Tanzania, September 2016

The group of a dozen geologists and spouses from 
countries as far afield as Australia, France, Norway, 
and the USA commenced the ten-day field excursion 
to northern Tanzania on 4th September. Despite a 
poor start with five delegates stuck at Nairobi airport 
for the first day, and problems with lost bags, the 
remainder of the excursion proceeded smoothly with 
good field conditions. The excursion was focussed on 
examining the geology of national parks, reserves, and 
conservation areas in a part of East Africa famous for 
some of the greatest concentrations of wildlife.  

The IGC committee and the leader (RNS) express our 
gratitude to the guides and drivers Ray and Onesmo 
who negotiated the appalling Tanzanian roads with 

IGC field trip

Excursion Route.

great skill and endurance and also to John Addison 
and his staff of Wild Frontiers who organized the 
excursion and looked after us with a high degree of 
professionalism. Local guides, including Samwely 
Lesekar who led his on hikes in the vicinity of Lake 
Natron and Jackson Tito, the senior scientific advisor 
at Oldupai Gorge who gave us an excellent overview 
of the geology and paleoanthropology of the area are 
also gratefully acknowledged. Of the many highlights 
of the excursion, the barren wastes of the Rift Valley 
in the vicinity of Lake Natron surrounded by giant 
volcanoes was possibly the most rewarding.

The geological framework of East Africa is dominated 
by two groups of rocks, the crystalline Basement and the 
East African Rift System (EARS). The Basement includes 
sections of the Central African Craton, a stable block 
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of mostly Archaean-age rocks, and the Mozambique 
Belt, the latter being an extensive Neoproterozoic 
north-south trending belt. The Basement Complexes 
were subjected to various phase of uplift and erosion 
between the Jurassic and the Palaeocene (break-up of 
Gondwana).  Rifting and volcanism associated with the 
EARS started during the Oligocene Epoch at around 

Lake Natron looking east 
towards the Gelai Volcano.

Simplified 
Stratigraphic Column 
for the Gregory Rift 
Valley and surrounding 
areas of East Africa

30 Ma and resulted in regional domes considerably 
higher than the older, Gondwana- related land 
surfaces. Volcanism in northern Tanzania is mostly of 
Pliocene-Pleistocene age, as described by J B Dawson 
in a detailed overview published in 2008. Rifting and 
volcanism associated with the EARS has persisted into 
the Holocene.  
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DAYS 1 & 2: 

Despite its small size, the Arusha National Park is 
one of the most spectacular in East Africa.  The park 
is dominated by Mount Meru (4,560 m), a huge 
stratovolcano that rises more than 3,000 m above the 
plateau to the north of the regional town of Arusha. 
The volcano includes a giant caldera that developed 
around 8,000 BP during a catastrophic sector collapse 
that also produced the Momella event, one of the 
world’s largest debris avalanche deposits (volume 
of approximately �8 km3). The caldera includes a 
giant cone of ash and cinder that lasted erupted in 
�9�0.  The excursion included hikes in the caldera, an 
opportunity to enjoy the montane forest that envelopes 
the lower and middle slopes, as well as drives around 
the Momella Lakes where we were fortunate to see 
large flocks of greater and lesser flamingo. 

DAYS 3 & 4: 

The Ngorongoro Conservation Area is an enormous 
area that covers a large range of ecosystems. The 
principle feature is the Ngorongoro Highlands, a 
large, extinct volcanic complex with an area of 90 
km north-south and 80 km west-east. The highlands 
contains one of the natural wonders of the world, the 
Ngorongoro Caldera (22 by �8 km), part of the giant 
Ngorongoro volcano (2.5-2.0� Ma) with a diameter 
of 35 km. The drive through the caldera with lunch 
at the scenic Ngoitokitok hot springs was rewarded 
with an opportunity to view large herds of game 
and a variety of birds. The group observed that the 
south-western component of the caldera floor, which is 
covered by ash from Oldoinyo Lengai, supported the 
largest herds in the dry season. The afternoon included 
a hike into the Empakaai Caldera, the most northerly 
of the volcanoes in the highlands. The thickly forested 
caldera walls consist of trachybasalts in the lower part 
and nephelinite and phonolite in the upper part and 
the caldera includes a brackish lake with Pleistocene-
and Holocene-age sediments.

DAY 5: 

This included a morning visit into the Lake Manyara 
National Park which is dominated by a finger-shaped, 

shallow lake typical of the region. Evaporation exceeds 
inflow and most lakes are saline and alkaline. The park 
nestles below a steep, thickly forested escarpment 
of the Rift Valley in one of the most scenic areas of 
northern Tanzania. The afternoon involved a long drive 
to Lake Natron which occurs in a hot (temperatures are 
regularly over 40 degrees C), desolate section of the 
Gregory Rift where vegetation is sparse and rainfall 
erratic.  

DAY 6:

The trek to the summit of Oldoinyo Lengai is generally 
completed in one day as there are no huts or 
established camp sites. Even with a pre-dawn start the 
ascent is strenuous (three participants attempted this 
and attained the summit after around 6 hours) and a 
guide is needed as the flanks of the cone reveal a radial 
erosion feature with steeply-incised, U-shaped gullies. 
The highlight used to be entering the active, northern 
summit crater, but this no longer possible. Additional 
treks include a walk onto the salt flats that surround 
Lake Natron, the waterfalls of the Engare Sero Gorge 
and fossilized footprints. The salt flats contain small 
freshwater streams and ponds that provide a variety of 
environments for aquatic birds. The extreme alkalinity 
is ascribed to high rates of evaporation and erosion of 
the juxtaposed volcanic cones that enclose the lake.  
The anomalous natrocarbonatite magmas (Oldoinyo 
Lengai and Kerimasi) react rapidly with meteoric waters 
and release huge quantities of sodium carbonate. The 
Pleistocene-age Gelai is a massive alkaline basaltic 
volcanic cone located on the south-eastern shores 
of Lake Natron. The fossilized footprints - they are 
preserved in an ash layer close to the surface - are of 
Homo sapiens preserved in volcanic ash derived from 
Oldoinyo Lengai. They have been dated at �20,000 
years but this needs re-assessing on the basis of local 
knowledge of Masaai guides (noting presence of cattle 
prints and historical movement of the Masaai people) as 
well as the relative age of Oldoinyo Lengai. The gorge 
includes excellent exposures of the volcanism related 
to the Ngorongoro Volcanic Complex. Three principle 
features can be observed: thick beds of basaltic and 
nephelinite lavas and ashes together with irregular 
debris flow deposits. The opportunity to swim under 
the waterfall and wade through the freshwater stream 
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Footprints of Homo 
sapiens preserved in 
volcanic ash derived 
from Oldoinyo Lengai, 
near Lake Natron.

national park that covers an area of some �4,763 
square km. The dominant feature of the park is the 
seemingly endless plains that extend some �00-�50 
km westward and northward from the Ngorongoro 
Highlands toward Lake Victoria and the Kenyan 
border. The night was spent at the Lobo Lodge which is 
set around and upon a small koppie of Archaean-age 
granite with giant boulders.  

Hike into the Engare 
Sero Gorge included 
scrambling on the 
volcanic cliffs and 
wading through the 
stream.

flowing from the Ngorongoro Highlands was enjoyed 
by some, as was the scramble along the cliffs. 

DAY 7:

Another long drive, this time up the western escarpment 
of the Rift valley and through the Loliondo wilderness 
area onto the Serengeti plains. Large areas within the 
Serengeti Plains are contained within a world-famous 
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Hike into the 
Engare Sero Gorge.

Examining the carvings 
at the Gong Rock, 

Serengeti National 
Park.

different geological terranes within the area.  The 
dominant feature is the Archaean-age Central African 
or Tanzanian Craton. North-west trending belts of 
greenstones (2,8�0-2,630 Ma) include metamorphosed 
volcanic and metasedimentary rocks that are severely 
deformed and exhibit a schistose appearance. They 
crop out in low, bush-covered ridges or (more typically) 
are observed in river crossings, such as the Mbalageti 
River. The greenstones are enclosed by coalesced 
plutons of granite-gneiss (2,720-2,560 Ma) that crop 
out in clusters of koppies, such as the Moru and Simba 
koppies. We made a short hike on several koppies 

DAY 8: 

This provided an opportunity for a full-day game drive 
and the unique chance to see large herds of wildebeest 
and zebra crossing the Mara River, in the northern 
extremity of the park, on their southward leg of the 
migration.   

DAY 9:  

The drive south from Lobo Lodge towards the Seronera 
region provided an opportunity to examine the 
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At the discovery site of 
Zinjanthropus, Oldupai 
Gorge.

including the Gong Rocks where the Masaai have 
created hollows for ritual purposes. The Ikorongo Group 
is a localized sedimentary basin (NeoProterozoic-
Cambrian) which we observed in fault-bounded hill 
slopes and around the Sopa Lodge. Large parts of the 
eastern Serengeti Plains are covered by thin layers of 
Holocene-age ash derived from Oldoinyo Lengai.   

DAY 10: 

Exiting the Serengeti via the Naabi gate provided the 
opportunity to examine a koppie comprised of granite-
gneiss associated with the Neoproterozoic Mozambique 
Belt. Quartzite and mica schist of the same system crop 
out next to the low level bridge over the Oldupai River 
en route to Oldupai Gorge. Oldupai is synonymous 
with the husband and wife anthropological team of 
Louis and Mary Leakey with finds including the major 
discovery of Paranthropus boisei (the original name 
Zinjanthropus - “Nutcracker Man”) in �958.  We were 
fortunate to be guided into the gorge and visit both the 
Zinjanthropus and Australopithecus habilis (or Homo 
habilis “handy man”)  discovery sites and obtain an 
overview of the stratigraphy including the Naabi 
Ignimbrite (�.9 Ma) in the river bed.   Examination of 
a new trench in Bed I revealed the relative hardness 

of the tuff layers (ash from Ngorongoro) as well as 
the abundance of animal fossils. The ash from Lengai 
has also created the “Shifting Sands”, a popular tourist 
destination located near the gorge where isolated 
Barchan dunes of coarse-grained black volcanic ash 
occur. The afternoon included a long drive to the 
Laetoli site where a 27 m-long trail of footprints made 
by Australopithecus afarensis (3.6 Ma) and discovered 
by Paul Adell in �978 were described and interpreted 
by Mary Leakey in �98�. The footprints - which are 
preserved in tephra of the Laetoli Beds – are covered 
by an extensive structure which is only removed for 
important visitors. We didn’t classify. A hike into the 
badlands of the adjacent river bed, however, was of 
interest as the deeply-eroded volcanic ashes contain 
numerous animal fossils. An overnight at the sumptuous 
Lake Manyara Lodge perched on the top of the 
escarpment overlooking the Rift was a fitting end to a 
long day.

Photographs by RNS

Submitted by R N Scoon, 
November 20�6
rnscoon@iafrica.com
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Sam Sawkins passed away quietly in his home in 
Urbanna, Virginia on Thursday, October 6. He is 
survived by his wife, “Ginny,” his children, Peter 
Sawkins and Annemarie Sawkins, Ginny’s son, Dan 
Stephano,  his two beloved grandchildren, Emma and 
Cate, and his much loved dog and constant companion 
“Larry,”  also known as Lawrence of Urbannia.
 
Born in �935 in Cape Town, South Africa to Arthur and 
Louise Sawkins, Sam grew up in Cape Town where he 
attended Bishops Diocesan College (high school) and 
the University of Cape Town.
  
As a young man, Sam travelled from Cape Town 
to Cairo and lived in the bush for months at a time. 
From Africa he moved to England where he attended 
the London School of Mines, and then to Princeton 
University where he earned his Ph.D. in economic 
geology. He later earned a post-doctorate degree at 
the University of Durham, England. Sam later lived in 
Lima, Peru before moving to Minneapolis, Minnesota 
in �968 to raise his family and take a position at the 
University of Minnesota where he was a Professor in the 
Department of Geology and Geophysics until �99�.
 
Sam co-authored the influential and critically acclaimed 
textbook The Evolving Earth, and the highly lauded 
Metal Deposits in Relation to Plate Tectonics, along 
with over 50 articles in various professional journals. 
An avid rugby player and fan, he started the University 
of Minnesota Rugby Club in �969, and coached its 
teams to many championships. 
 
After taking early retirement, Sam moved to Hampton, 
VA to fulfill his passion for sailing, eventually logging 
over 26,000 miles of blue water sailing, including a 
trans-Atlantic sail. While in Hampton, he met Ginny, his 
true sailing partner, with whom he sailed throughout the 
Caribbean, Chesapeake and parts of the Pacific. They 
married in �998 and moved to Urbanna to live on the 

Frederick John Sawkins † 

banks of the Rappahannock River. While in Urbanna 
Sam was active with the local Rotary Club and was 
a Board member of the Deltaville Maritime Museum 
where he participated in many programs. He took 
great pleasure attending “Great Decisions”, an annual 
program and lecture series, always contributing to the 
discussion at hand. He tutored local students, entertained  
many local organizations with presentations of his 
sailing adventures and trips to Africa including many 
his personal accounts of hair-raising safaris. Sam was 
a fixture at the local library and spent many quiet hours 
there. Never one to ignore important facts relating to 
the world’s energy and environmental problems, Sam 
regularly contributed to local editorial pages of local 
and regional newspapers. His commitment to science 
never stopped and his legacy in the field of science 
and physics will not soon be forgotten.

In August Sam was awarded special recognition by 
the Geological Society of South Africa (GSSA) at 
the Geological Society’s 35th International Congress 
held in Cape Town. In recognition for his lifelong 
contributions in the field of economic geology and its 
relation to plate tectonics, he received the Des Pretorius 
Memorial Medal recognizing his many achievements 
in economic geology, an award for which he was most 
proud.
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Sam was an adventurer, an intellect full of boundless 
curiosity, a man of principle and a fierce advocate for 
the earth and its battle to endure economic, population 
and climate challenges. As was his wish, his body 
has been donated to science. A memorial gathering 
will take place on the Chesapeake Bay aboard the 
F.D. Crockett, Deltaville, Virginia in the fall of 20�7.  
Contributions to Rappahannock Community College 
(for science education), Warsaw, Va., the Middlesex 

County Public Library, Urbanna, Va., the Deltaville 
Maritime Museum, and the Middlesex County Animal 
Shelter, Saluda, Va. would please him very much.

He will be greatly missed by all who knew him.  
In loving memory.

Ginny Sawkins

Keith Alan Viewing, 1931 – 2016

PhD, DIC, C.Eng., Hon. FIMM, FGS, FSAZ

Born on 20th June �93� at Little Bookham, Surrey, 
England, Professor Keith Viewing died in Rome, Italy 
on Saturday 3rd September 20�6 aged 85. He 
leaves his wife, Frouwke (née Bierling), son, Seabury 
and daughter, Pia to whom sincere condolences are 
extended.  

Keith went to Tiffin Boy’s School at Kingston-on-Thames 
and Chelsea Polytechnic before proceeding in �949 
to King’s College, Durham University where at age 2� 
he obtained his BSc (Honours) degree in geology in 
�952. At Chelsea it was Dr W.F. Fleet who noticed 
Keith’s absorbing interest in geology, and it was he who 
imparted on Keith his enduring sense of enthusiasm.   

In �952 Keith joined the Selection Trust Group and 
proceeded to Northern Rhodesia as a junior geologist 
where, based at Mufulira Mine, he spent the next two 
years prospecting for copper over large parts of what 
was known as the Big Concession. Claustrophobic 
logging in deep, inter-joined pits was rewarded by the 
discovery of the Baluba West copper ore-body.  His 
training in mine geology was at the Chibaluma copper-
cobalt mine, and in mid-�955 he was transferred to 
the Roan Antelope Mine as acting chief geologist.  
To widen his experience relating to a variety of ore 
deposits Keith opted to be moved with RST Exploration 
to a new unit in Southern Rhodesia. Following the 
discovery of the Perseverance nickel deposit he 
resigned in �960 to join the Applied Geochemistry 
Research Group under the influence of John Webb at 
the Royal School of Mines, Imperial College following 

Keith Alan Viewing † 

which he was awarded a Beit Trust Fellowship in �96�.  
However, Keith had met Frouwke, an analyst in the 
Geochemistry Department, and they were married 
on 6th August �960. With �0 months of camping 
and field analysis in the remote Sula Mountains and 
Kangari Hills of Sierra Leone behind him, Keith’s PhD 
thesis on the Regional geochemical patterns related 
to mineralisation in central Sierra Leone described the 
first effective regional multi-element geochemical map 
in that tropical rainforest environment.  Consistent with 
the Beit Trust terms Keith and Frouwke returned to RST in 
Southern Rhodesia in October �963, and he remained 
with the group for a further four years, working on 
prospects such as the Kanyemba gold mine, Lutope tin 
and Prylin kyanite claims before disbandment followed 
the nationalization of Zambian copper mines. 
 
Declining a transfer to Botswana, Keith entered into 
a three-year contract with the Ministry of Mines in 
Salisbury as Special Projects Officer in Head Office.  
Responsibility was to recommend the exploitation of 
dormant, high-risk mines. A feasibility exercise of the 
Shamrocke copper deposit was successful and the 
mine was developed and operated by Lonrho until 
closed after �972.  

Photo: 
Seabury Viewing, 
2015
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Chamber of Mines Journal

In �969 Keith resigned with permission to be 
appointed as the inaugural Director of the Institute of 
Mining Research, a new R & D department supported 
by the Ministry of Mines and by the mining industry 
through the Chamber of Mines, but administered by 
the University College of Rhodesia. This post was 
held for 20 years, ten prior to independence in �980, 
and ten subsequently. The Institute was unique for a 
multidisciplinary group of �4 research staff supported 
by 23 technicians, secretaries and librarians, carried 
out contract investigations in several geological, 
mining and metallurgical-related disciplines. There was 
considerable flexibility and at first work concentrated 
on ferrochromium alloys and the smelting of nickel 
and platinum group metal concentrates. Depending 
on the background and experience of research staff, 
geological work mainly concerned gold mineralization 
and industrial mineral development, but included 
base metals and coal analysis in a specially adapted 
laboratory.  As time progressed the team had the support 
of two mineralogists with access to electron-microprobe, 
energy dispersive analysis and X-ray diffraction 
facilities, and of a very effective chemical analysis 
laboratory equipped with atomic absorption spectro-

photometry and X-ray fluorescence capabilities. Multi-
element geochemical mapping became a mainstream 
activity as experience gained from Sierra Leone was 
applied to three large-scale areas in the country and 
then to high-density urban situations where levels of 
metal pollution could be bench-marked. A dedicated 
flotation laboratory provided key support for defining 
the most appropriate methods of mineral processing 
for many large and small mining companies and a 
study in geo-mechanics earned the award of a Silver 
Medal from the Institution of Mining and Metallurgy.  
Towards the end of Keith’s tenure, studies in Minerals 
Economics gained emphasis to address policy issues 
for Zimbabwe and to review the mining industries 
established elsewhere in the region.  

In addition to industry-directed research, Keith and his 
team mentored a number of Masters and PhD students, 
all of whom went on to make significant contributions to 
Zimbabwe’s mining industry. Many ultimately reached 
senior management levels in major mining companies 
and government departments. 

Keith researched the effect of the Draft Law of the 
Sea on the nickel mining industry of Zimbabwe, and 
in �980 he chaired the Mineral Resources section of 
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the International Economic Resources Conference 
on Zimbabwe at a time when he also chaired the 
Zimbabwe Branch of the Institute of Mining and 
Metallurgy.  His geochemical orientation survey across 
granites of the Chinamora Batholith north of Harare 
was an important aspect of the Granite ’7� symposium 
whilst in �982 Keith contributed substantially by 
availing his institute and its personnel to the success of 
the major international conference GOLD ’82, events 
that showcased Zimbabwe as an important investment 
destination. In �987 the IMM-sponsored African 
Mining conference in Harare involved Keith greatly 
and allowed a review of Zimbabwe’s mining industry 
to be aired.  

For many years Keith gave a two-week course on 
applied geochemistry to MSc students in Mineral 
Exploration at Rhodes University in Grahamstown.  
He served on the Scientific Council of Zimbabwe and 
became Chairman for the National Committee on 
Remote Sensing.  Keith was on the Natural Resources 
Board for �4 years from �970 during which time his 
suggestion was accepted that an annual mine dump 
competition be judged for conservation at large and 
small mines alike.   

In �989 Keith joined Anglo American Corporation 
Zimbabwe as Consulting Geologist, retiring in 
�993, aged 62. His responsibilities included the 
mineral reserves and geo-mechanics at four separate 
nickel mines, three chromite-mining centres, in the 
investigation of smelter fluxes and at a gold mine, and 
he directed the prospecting operations of Prospecting 
Ventures Limited.  

From �993 to 2008, through his company Cerminco, 
he was a minerals consultant in sub-Saharan Africa.  
He also assisted his son in the export of industrial 
minerals for the ceramics industry in Europe and he 
developed clays and glazes that helped to make his 
and Frouwke’s personal interest in pottery unique.  
Later he was a director of G&W Industrial Minerals, a 
subsidiary of the Industrial Development Corporation.  
The mineral reserves for three important commodities, 
high-grade glass sand from Somabhula, pure limestone, 
and phosphate from Dorowa were severely depleted, 
but significant improvements were made and these 

operations continued. An unusual consultancy was 
to visit and advise on the degassing of Lake Nyos in 
Cameroon following the �986 disaster brought about 
by the overnight escape of accumulated CO2 to the 
surrounding environment.    

Keith had a lifelong interest in sailing and he built in all 
�4 wooden craft of various size and design, the biggest 
being a �0 metre-long Warham catamaran, which he 
and Frouwke sailed on Lake Kariba, and the smallest 
being two optimists, in which his son and daughter 
learnt to sail. In �995 Keith bought a 26ft wooden 
boat and trailer, which he kept at Rossiter Yachts yard 
in Christchurch on the south coast of England. This was 
used as summer accommodation in the UK, but Keith 
also sallied forth to the Channel Islands, accompanied 
tall ships in the Brest 2000 Parade, and sailed the 
Mediterranean, which included a visit to the caldera 
harbour of Santorini in the southern Aegean Sea.  

In 2008 Keith and Frouwke moved in retirement to the 
small village of Sacrofano north of Rome in Italy. Just 
to the west of the town is the circular caldera lago de 
Bracciano, so Keith took with him to Italy his home-
built Scilly Island boat so as not to lose his hand to 
sailing.  Whilst in Italy earthquakes were experienced, 
Keith found time to witness an eruption of Mount Etna 
and he wrote copiously on the history of mining in 
Zimbabwe.  

Following �9 years on the Council for Science and 
Technology, Keith became a founder Fellow of the 
Academy of Sciences of Zimbabwe. He was either 
Secretary or Chairman of the Institute of Mining and 
Metallurgy, Zimbabwe Section for �4 years, was an 
Overseas Member of Council for 6 years and Senior 
Vice-President IMM London for 3 years, being made an 
Honorary Fellow of that institution in �984.  He served 
as a Council Member of the Geological Society of 
South Africa, was Chairman to the Branch in Rhodesia, 
and he became a Founder Member of the Geological 
Society of Zimbabwe in �98�, an institution with which 
he enjoyed Honorary Membership coincident with that 
of the student’s Mennell Society. In recognition of his 
involvement in so many ways Keith was awarded full 
Professorship by the University of Zimbabwe.  The Keith 
Viewing Award is for the best adjudged presentation 
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given at the Annual Summer Symposium of the 
Geological Society of Zimbabwe and is conferred at 
the society’s AGM in the February following. As such 
the contribution that Keith Viewing made to applied 
geology in Zimbabwe and elsewhere is remembered 
and appreciated as is the support and encouragement 
he gave to all he thought were worth their salt.  

Compiled by Tim Broderick from notes left by Keith 
Viewing, and contributions from Pia Viewing, Bob 

Foster, Rei Fernandes, Martin Prendergast, John 

Hollaway, Brent Barber and Tim Broderick. 

Peter Elvor Matthews † 

Professor P E Matthews 

24 April 1924 - 23 July 2016

Peter Elvor Matthews was born on 24th of April �924 
in Haselmere, Surrey, England and passed away in 
peace on 23rd of July 20�6 in Durban, South Africa.

Peter spent his early childhood in Colombo Sri 
Lanka and from the age of 6, he attended Haddon 
Hill Preparatory School in Newa Eliya in the central, 
mountainous region of Sri Lanka. In �935, at the age 
of ��, he, together with his sister Joan, went to Friends’ 
School (now Walden School) in Saffron Walden, just 
south of Cambridge in England. In �939, aged �5, 
he and his sister returned by ship to Colombo for the 
summer holidays. With World War 2 approaching, his 
parents decided the children should remain in Sri Lanka 
and Peter completed his schooling at the Lawrence 
Memorial School at Lovedale near Ootacamund in 
the Nilgiri hills of southern India. This was a school 
specially created for boys like Peter who were stranded 
because of the War. There he completed his O-levels 
(Cambridge School Certificate) and in �942 his A-
levels (Cambridge Higher Certificate) in English and 
History, with Mathematics as a subsidiary subject.

Peter graduated from high school at age �8 in the midst 
of the Second World War, and decided to join the 
Royal Air Force, which he did in January �943. He 
was posted to Southern Rhodesia (now Zimbabwe) for 
training and in July �944 was appointed as a flying 
instructor. He flew the Oxford twin engine trainer, the 
Tiger Moth and the Hurricane, among other aircraft, 
and totaled 834 hours of flying.

Peter was demobilised from the RAF in September 
�946 and was offered a place at Magdalene College, 

Cambridge University, to study English and Philosophy, 
but he declined because he would have had to wait 
at least a year to accommodate returning servicemen. 
This prompted a decision to emigrate to South Africa 
and study there. Peter was accepted by the Universities 
of Cape Town, Wits and Natal; he chose Natal 
because it offered him a place in residence. He started 
his studies on the Pietermaritzburg campus, but moved 
to the Durban campus following the relocation of the 
Department of Geology to that city. Peter obtained a 
BSc in Geology (first class and Certificate of Merit), and 
Chemistry, with Mathematics for non-degree purposes, 
and a First Class BSc Honours in Geology in �950. 
In addition to his Honours studies, Peter managed to 
complete the field work in the Valley of a Thousand 
Hills towards an MSc thesis. He submitted the research 
before leaving South Africa to join the British colonial 
service in Uganda in February �95�. The thesis was 
accepted for the MSc degree soon afterwards but, 
by regulation, the degree could not be conferred until 
�952!

As part of his memoirs, Peter recalls a field excursion 
led by Professor L C King to Gaborone in Botswana 
as follows: The excursion was outstanding, we visited 
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a Wits gold mine, a Rustenburg platinum mine, 
the Pretoria and Kimberley diamond mines, and 
manganese, iron and asbestos mines in the NE Cape 
around Prieska. Other than mines we visited areas 
famous for discoveries of  the skulls of early (hominoid) 
man such as the Sterkfontein limestone caves in the  
Transvaal and Taung in the NE Cape. In Gaborone, 
we were entertained by Wayland, the remarkable 
and delightfully eccentric Director of the Botswana 
Geological Survey. Peter’s memoirs also note: There 
were only three other students, all third year, on this 
trip, they were John McCarthy, John Martin and Arie 
Scheppers.
 
Peter worked in Uganda from �95�-53, and a highlight 
was an expedition to the Ruwenzori, the Mountains of 
the Moon. He returned to South Africa in �954 and 
started his academic career as a temporary lecturer 
at Rhodes University in Grahamstown. In the same 
year he was appointed as a permanent Lecturer in 
the Department of Geology at the University of Natal, 
Durban and retired as Professor from that Department 
in �989. Peter’s memoirs carry the following comment 
about his career in academia: “an appointment to a 
University Lectureship is the next best thing to inheriting 
a fortune”.

Peter obtained his PhD in �958, on the geology of the 
Tugela valley and a paper based on this study published 

At the Sterkfontein caves. 
From l to r: John 
McCarthy, John Martin, 
Peter  and  Arie Scheepers

in the South African Journal of Geology in �959 was 
awarded the Jubilee Medal of the Geological Society 
of South Africa in �960. He was promoted to Senior 
Lecturer in �959, to Associate Professor in �973 and 
to Full Professor in �983 becoming one of the first ad 
hominem professors at the University of Natal. After 
his retirement, from �990-98, Peter was an Honorary 
Research Associate at UND, and a temporary lecturer 
at the University of Durban-Westville until �994.

Following his PhD, Peter was awarded a Nuffield 
Foundation Fellowship for post-doctoral study, in 
�96�, at Imperial College, University of London. In his 
memoirs, he notes: In 1961 the geology department at 
Imperial College was generally regarded as the best 
in Britain and perhaps, in Europe. Among the leading 
academics were Prof. H H Reid, John and Janet Sutton, 
Gilbert Wilson, John Ramsay, Neville Price and John 
Cosgrove all mainly in Structural Geology. They were 
an extremely pleasant and stimulating group. The 
whole situation for me was an academic banquet a la 
Plato’s Symposium.

During his time at Imperial College, Peter was able 
to enhance his understanding of orogenesis through 
fieldtrips to the Palaeozoic Caledonian belt in Scotland, 
Norway and Sweden; the Permo-Carboniferous 
Variscan belt in the Belgian Ardennes, Wales and 
Devon /Cornwall and the Alpine belt in Switzerland, 
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Southern France, Austria, Italy, Spain and Andorra. It 
is no surprise therefore that, as a structural geologist of 
repute, he was invited to serve on the editorial board of 
Tectonophysics and did so for over twenty years (�969-
89). Peter was an expert on the geology of KZN with 
a particular interest in the Natal Belt and the Pongola 
Supergroup. His �972 Letter to Nature was a seminal 
paper in that it was the first to explain the geology 
of the Natal Belt, as exposed in the Tugela Valley, 
using the concept of plate tectonics. The paper stands 
today as a testimony to his insight as a researcher (the 

application of Plate Tectonics to Precambrian rocks and 
processes was not supported by most South African 
based geoscientists until much later), as well as his 
understanding of the Precambrian geology of northern 
KZN. In �98�, Peter and Guy Charlesworth published 
a geological map of the northern part of the Natal 
Belt based on research by the group at UND that still 
serves as the primary source of geological information 
on that region.

Peter Matthews was an acclaimed lecturer, an admired 

postgraduate supervisor and a valued colleague who 

had many friends in the university community. His 

wife, Jacqueline, was an associate professor in the 

Department of Business Administration, at UND, and 

his son, Alan, is a senior lecturer in physics at UKZN. 

Two of his sons (Colin and Marc), two daughters-in-law 

(Tania and Geraldine), and a grandson (Sean) studied 

at the University of Natal. Peter Matthews died on 

Saturday 23 July 20�6, at the age of 92, with family 

at his side.

Compiled by Steve McCourt 

(Geological Sciences, UKZN) 

with support from Alan Matthews

Professor Peter 
Matthews with Steve 

Mccourt, Tugela 
Terrane, Natal Belt 

circa 1997

1988: Peter Matthews 
and his trusty steed, 
together they covered 

over 100,000km 
unravelling the 

geological structure of 
northern KwaZulu-

Natal
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BARYTE FROM THE WITWATERSRAND GOLDFIELD

Kusasalethu Mine (Elandsrand Mine), Carletonville, 

West Wits Line

Bruce Cairncross 

Department of Geology, University of Johannesburg

This “Mineral Scene” describes an historic 

mineralogical discovery made some time ago in �997 

but it is worthwhile retelling here, particularly for 

those geologists working on the Witwatersrand gold 

mines. These mines are not well known for producing 

museum-quality mineral specimens although from time 

to time some quartz and associated sulphides (galena/

sphalerite/ pyrrhotite) are encountered.

During mid-July �997 Brenda Rademeyer, then 

geologist at the Elandsrand mine in the Carletonville 

district (now Kusasalethu, owned by Harmony), made 

a discovery that was mineralogically most noteworthy 

(Cairncross and Rademeyer, 200�). She encountered 

a cavity 2,650 metres below surface during mining 

operations in the Ventersdorp Contact Reef. The cavity 

was �.3 X �.0 X 3 metres in size and located near a 

dyke. There was a large amount of brecciated rubble in 

the cavity and at first it appeared to contain only a few 

broken quartz crystals. However, on further inspection, 

Brenda and her team found several interesting and 

aesthetic specimens comprising quartz, pyrite, baryte, 

galena, pyrrhotite, sphalerite and kerogen. 

While working in the cavity, they exposed what 

appeared to be a fairly large crystal surface. After 

carefully cleaning away the surrounding muck, they 

exposed a large crystal that at first was thought to be 

attached to the wall of the cavity, but on removing the 

crystal, it transpired that it was a “floater”, i.e., completely 

terminated all around the edges with no visible point 

of attachment. It therefore crystallized while floating 

in what would have been the original fluid trapped in 

the cavity. It turned out that this specimen measures 70 

cm X 30 cm, weighs 64 kilograms and is a euhedral 

baryte crystal (see photo) and it was removed intact. 

But in addition, there was a second even larger crystal. 

This was 85 cm long and 25.5 X �4.4 cm across and 

weighs 76.5 kg! Unfortunately because of its size, the 

larger crystal broke along cleavage planes into three 

Elandsrand baryte The 
second largest barite 
recovered. The specimen 
is a “floater”, doubly 
terminated and measures 
70 cm in length and 30 cm 
across the base and weighs 
64 kilograms. Note the 
attached galena crystals. 
Pieces of matrix and 
small quartz crystals are 
imbedded in the specimen. 
The crystal is (was?) on 
display at the Kusasalethu 
mine offices. 
Bruce Cairncross 
photograph.
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media monitor
MINING AND EXPLORATION NEWS

Copper

Ivanhoe Mines has completed an independently 

verified, initial mineral resource estimate for the 

high-grade Kakula discovery at the Kamoa copper 

project near Kolwezi in the DRC. The 60 km2 Kakula 

exploration area is approximately �0 km southwest of 

Kamoa’s initial mine development, currently under way 

at the Kansoko Sud discovery. More than 3� 000 m 

of drilling to date has delineated �92 Mt of Indicated 

Resources at 3.45% copper, containing �4.6 billion 

pounds of copper at a �% Cu cut-off. At a 2% copper 

cut-off, Indicated Resources total ��5 Mt at 4.80%. 

Large areas of the resource have average grades 

in excess of 6%. The combined Indicated Mineral 

Resources at Kamoa-Kakula total 944 Mt at 2.83% 

(�% Cu cut-off, making the project the largest copper 

discovery ever made on the African continent, and 

ranking it among the �0 largest copper deposits in the 

world. Significantly, the mineralisation at both Kakula 

and Kansoko continue to remain open for expansion in 

M
IN

E
R

A
L
 S

C
E

N
E

pieces, but these could be fitted back together once it 

was brought to surface.

Removing these two crystals and transporting them to 

surface without damage was an arduous task, bearing 

in mind they were a dead weight of �40.5 kg. Brenda 

and assistants made make-shift stretchers knocked 

together from wooden stope planks and wrapped 

the giant crystals in bags and jackets. It was a 2.5 

kilometre journey over rough underground terrain. 

Finally they were brought to surface and cleaned and 

could be examined properly. At this point, another Wits 

geologist, Tim Hewitt, must also take some credit in this 

story as he contacted me to tell me about the discovery 

and arranged to bring the unbroken specimen to 

me to photograph and then have it returned to the 

mine offices. After the specimens were documented 

and photographed they were put on display at the 

Kusasalethu mine offices. 

What is the mineralogical significance of this discovery? 

These are the world’s largest known euhedral baryte 

crystals, and this from a Witwatersrand gold mine!

Reference

Cairncross, B., and Rademeyer, B., (200�) Large barite 

crystals from the Elandsrand gold mine, South Africa. 

The Mineralogical Record 32(3) �77-�80.
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numerous directions. The drilling programme has been 

expanded to 60 000 m and will continue into 20�7, 

and a preliminary economic assessment for a 4 Mt/a 

mine and concentrator is in progress. 

Gold

Gold Fields plans to invest US$�.4 billion (operating 

and capital expenditure) to extend the life of mine of 

the Damang gold mine in Ghana by eight years from 

20�7 to 2024. The project entails a major cutback to 

the eastern and western walls of the Damang pit in 

order to resume mining the higher grade core of the 

main Damang orebody. This will increase the Proven 

and Probable Reserves by 72% to �.68 million ounces. 

A total of �65 Mt will be mined over the life of mine, 

with 32 Mt processed at an average  grade of �.65 

g/t, resulting in a total gold production of �.56 million 

ounces.

The ongoing deep extension drilling program at Resolute 

Mining’s Syama gold mine in Mali has opened up a 
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completely new zone of mineralisation south of, and 

apparently separated from, the main Syama orebody. 

Significant results include �9 m at 2.6 g/t Au from 

273m and �8 m at 3.0 g/t Au from 372 m. Further 

diamond drilling is planned to follow up this result 

with the ambition of confirming a major extension of 

mineralisation along the Syama Shear to the south of 

the existing orebody, as well as to extend the current 

resource at depth. Resolute has started development of 

the decline for the underground mine at Syama, which 

is expected to boost gold production to 250 000 

ounces per year based on the current underground 

Probable Reserves of 23.9 Mt at 2.8 g/t.

INDUSTRIAL MINERALS

Australian Vanadium Ltd (AVL) has secured an option 

to acquire a minimum 50.03% interest in the Blesberg 

lithium-tantalum project in South Africa’s Northern 

Cape Province. Blesberg is one of the largest known 

mineralised pegmatite deposits in the Northern 

Cape pegmatite belt, with an exposed length of 

over 700 m and width varying between 9 and 42 

m. The pegmatite has been mined sporadically on a 

small scale since �925 for beryl, bismuth, tantalite-

columbite, spodumene, feldspar, and mica, but 

historical information about production is very limited, 

and the depth potential is unknown. A sample of a 

�50 t feldspar shipment from the �960s was reported 

to assay �.74% Li2O, but lithium was not considered in 

previous exploration and mining. AVL intends to carry 

out an initial exploration programme consisting of 3D 

modelling, reverse circulation or diamond drilling, and 

mapping and sampling of additional pegmatite zones 

across the prospecting right area.

Tawana Resources entered into an agreement to 

buy the mining rights to the Uis pegmatite tailings 

stockpile in Namibia. The stockpile contains an 

estimated 20 Mt of tailings from one of the world’s 

largest pegmatite tin mines, which operated between 

�924 and �990. Limited auger sampling to date 

has indicated lithium grades of up to 0.95% LiO2. 

Tawana plans to conduct conducting a �500 m air-

core drilling programme to test the lithium grades 

and to provide samples for mineralogical and 

metallurgical characterisation.

Australian mineral sands producer Iluka Resources has 

made a ₤2�6 million all-cash offer for London-listed 

Sierra Rutile. The acquisition will approximately double 

Iluka’s rutile resource base. Sierra Rutile is an established 

supplier to the high-grade chloride feedstock markets, 

with operations located in southwestern Sierra Leone. 

The company currently produces �30 kt of rutile per 

annum, with expansion potential up to 240 kt per 

annum. The deposit has a JORC-compliant resource of 

over 900 Mt at 0.94% rutile (Measured, Indicated, and 

Inferred, as of September 20�3), making it one of the 

world’s largest natural rutile deposits. 

Iron ore

Rio Tinto is selling its 46.6% stake in the giant Simandou 

iron ore project in Guinea to Chinalco in a deal that 

will be worth US$�.�–�.3 billion. The buyout will give 

Chinalco a majority ownership of 87.9% per cent, 

with the Guinea government holding 7.5% and the 

International Finance Corporation (World Bank) 4.6%. 

Rio has spent more than US3 billion on Simandou to 

date, but the project will require a huge investment in 

infrastructure, including a 650 km railway line and a 

port.

Nickel

Botswana state-owned copper and nickel company 

BCL Limited pulled out of a US$279 deal to acquire a 

50% interest in South African nickel producer Nkomati 

Nickel after being placed in provisional liquidation. 

In 20�4, Norilsk agreed to sell its African operations, 

comprising a 50% participating interest in the Nkomati 

nickel mine and an 85% stake in Tati Nickel in 

Botswana, to BCL for US$337 million in cash. Norilsk 

said in a statement that it would ‘defend its interests 

under the transaction in courts with jurisdiction over the 

matter.’ The other 50 percent of Nkomati is owned by 

African Rainbow Minerals.
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PLATINUM GROUP ELEMENTS

Anglo American Platinum has agreed to sell 

approximately �6.7 million PGM ounces of Merensky 

and UG2 resources within the Amandelbult mining 

right to Northam Platinum for R�.0 billion in cash. The 

resources, which adjoin the western side of Northam’s 

Zondereinde mine, are outside Amandelbult’s long-

term life-of-mine plan, and can be accessed from 

Zondereinde’s existing infrastructure in a short time 

with limited capital expenditure. The transaction will 

extend Zondereinde’s economic life-of-mine to beyond 

30 years and reduce the average mining depth. In 

exchange for associated surface rights, Anglo Platinum 

will obtain a portion of the Zondereinde mining right 

that Northam has no plans to mine, which will give 

Amadelbult flexibility for the placement of future mining 

infrastructure. 

Platinum Group Metals Ltd announced positive results 

from an independent pre-feasibility study on the 

Waterberg PGM joint venture with the Japan, Oil, 

Gas and Metals National Corporation (JOGMEC). 

The study incorporates a fully mechanised 600 kt/

month underground operation with a planned steady-

state production of 744 000 ounces of platinum, 

palladium, rhodium, and gold (4E) per annum plus 

23 million pounds of nickel and copper from an initial 

Probable Mineral Reserve of �2.3 million 4E ounces.

The capital cost to full production is estimated at 

US$�060 million. Waterberg is expected to be one of 

the largest and lowest cash cost PGM operations, with 

on-site life-of-mine average cash costs of US$248 per 

4E ounce, including by-product credits.

Other Geoscience News

A new analysis of the topography of the central 

Andes has shown that the uplift of the Earth’s second 

highest continental plateau was driven partly by 

crustal thickening due to the intrusion of magma from 

below. The Altiplano-Puna plateau is a high (4500 

m), dry region in the central Andes that includes parts 
Location map of the 

Altiplano-Puna Volcanic 
Complex in the Central 

Andes (after Perkins, 
J.P.et al. Surface uplift in 
the Central Andes driven 

by growth of the Altiplano 
Puna Magma Body. 

Nature Communications, 
25 Oct. 2016).
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of Argentina, Bolivia, and Chile, with vast plains 

punctuated by spectacular volcanoes. In a study 

published in Nature Communications [DOI: �0.�038/

ncomms�3�85], geoscientists from the University of 

California Santa Cruz, University of Arizona, and 

Oregon State University used remote sensing data 

and topographic modelling techniques to reveal an 

enormous dome in the plateau, about � km high and 

hundreds of kilometres across, which sits immediately 

above the largest imaged magma body on Earth. 

A previous seismic study by researchers from the 

University of Arizona and the University of Alaska 

Fairbanks, published in 20�4 in Earth and Planetary 

Science Letters [DOI: �0.�0�6/j.epsl.20�4.07.022], 

delineated an immense (500 000 km3) low-velocity 

zone at �0–20 km depth, containing up to 25% 

partial melt. This is ten times the volume of the magma 

bodies underlying the extensively studied Yellowstone 

volcanic field in the USA. 

The new study, which provides an independent 

verification of the volume and extent of the intrusion, 

shows that about one-fifth of the height of the central 

Andes can be attributed to magmatic thickening. 

The rate of magma addition over the past �� million 

years is calculated to be similar to those associated 

with intra-oceanic volcanic arcs and spreading ridges. 

In a study published recently in Earth and Planetary 

Science Letters [DOI: �0.�0�6/j.epsl.20�6.�0.023], 

a multinational team of researchers combined deep 

electrical conductivity measurements with laboratory 

conductivity and petrological experiments to show that 

the partial melt has an unusually high water content, 

up to �0 wt.%. Similar conductive anomalies occur 

beneath the Cascades and the Taupo volcanic zone, 

suggesting that the ponding and differentiation of 

super-hydrous andesitic melts may be a key step in the 

formation and growth of continental crust.

The Altiplano-Puna region has been volcanically 

active since about �� million years ago, with several 

supervolcanoes producing massive ignimbrite eruptions 

and creating a large complex of collapsed calderas. 

The last super-eruption occurred nearly 2.9 million 

years ago, but volcanic and geothermal activity has 

persisted until the present day. Interferometric synthetic 

aperture radar (InSAR) satellite surveys of surface 

deformation since the �990s show that the dome is 

continuing to rise at a relatively rapid rate in a few 

places. At Uturuncu volcano in Bolivia, located in the 

centre of the dome, the rate of uplift is about �–2 cm 

per year over a 70 km area, suggesting that magma is 

currently intruding into the system. 

Antony Cowey

Uturunco volcano 
in southwestern 
Bolivia (Volcano 
World, Oregon State 
University).
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THE gEoTravEllErTHE gEoTravEllEr
Sites of Anyiquity
     Greece By roger Scoon

GEOLOGY OF SITES OF ANTIQUITY IN GREECE:
Acropolis, Delphi, Olympia, and Thermopylae

Many famous sites of antiquity in mainland Greece occur 

in areas where active geological processes are reshaping 

the landscape. A key component is tectonic activity 

associated with the eastern Mediterranean, a complex 

region of microplates sandwiched between the African and 

Eurasian plates.  Sea level changes since the Pleistocene 

Ice Ages and unusually rapid rates of sedimentation in 

some localities are additional factors. Some of the sites 

described here are UNESCO World Heritage sites, e.g., 

Acropolis (1987), Delphi (1987) and Olympia (1989).  

Others, such as the Plains of Marathon and the Pass at 

Thermopylae are known for events that helped shaped 

European history.

An interpretation of the microplates identified within the 

Eastern Mediterranean, one of the most tectonically active 

areas on Earth is shown in the attached map.  Robertson 

and Mountrakis (2006) observed that this area is a key 

region for understanding fundamental tectonic processes.  

Microplates are separated by major sutures that splay 

with a pronounced curvilinear between the Hellenic and 

Anatolian microplates. A notable example is the North 

Anatolian Fault (NAF). The unusual shape is ascribed 

by Okay and Tüysüz (1999) to the sinuous form of the 

Hellenic (or Crete) trench. The Aegean Sea is part of an 

extensional basin estimated to be migrating southward 

at 50mm/year. The subduction of the African Plate on 

the 500 km-long Hellenic Trench has resulted in a chain 

of volcanic islands, including Santorini. The Ionian Sea, 

which occurs west of the Hellenic microplate, is a large 

basin (the deepest point of 5,267 m) underlain by the 

northward continuation of the Hellenic Trench. 

Tectonic map of the 
Eastern Mediterranean 

showing position of 
Greek (or Hellenic) and 
Anatolian microplates 

relative to the Eurasian 
and African plates.  Map 
from Tectonic Summary 
of Greece by the USGS.
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The mainland of Greece is segregated into northwest-

southeast trending tectonic zones that are linked to 

the Alpine massifs of central and south-eastern Europe. 

Each zone is complex as they may contain remnants of 

ancient continental fragments, islands, oceanic ridges, 

and ocean floors. The boundaries of tectonic zones on 

the map are not defined as they are very complex and 

there is little consensus as to whether they are bounded 

by regional faults, thrusts or nappes. A key process was, 

however, compression during the Alpine orogeny. Most 

tectonic zones are aligned subparallel to coastlines and 

near-shore archipelagos, a characteristic that together 

with more recent sea-level changes accounts for the 

extreme irregularity of the Greek coastline.  An additional 

fundamental component of tectonism affecting mainland 

of Greece is the occurrence of major Neogene-age 

grabens that are still active. Grabens have shaped the 

irregular coastlines, for example the Gulf of Corinth and 

the North and South Euboean Gulfs.

The Acropolis is situated in the heart of central Athens, a 

major European metropolis. Most of the city is located in a 

large topographic basin underlain by relatively soft Upper 

Cretaceous marls and sandstones. The city is ringed to 

the north by mountains that include the Parnissos Range 

(Mount Parnitha has a height of 1,413 m) composed 

of younger, but considerably more resistant limestone.  

A similar, Upper Cretaceous-age limestone also forms 

small hills in the interior of the city. The most well known 

interior hills are the 150 m-high Acropolis (“hill city”), 

the thickly wooded 278 m-high Lycabettus Hill, and the 

147 m-high Philopappos Hill. The latter includes the 

Hill of the Nymphs. There is debate as to whether the 

interior hills and outlying mountains are erosional relicts 

of a contiguous formation or discrete tectonic blocks. The 

flat-topped nature of some interior hills is in part ascribed 

to near-horizontal layering, although the Acropolis was 

levelled by an artificial fill some 14 m thick.  Parts of the 

Tectonic map of Greece 
showing sites referred 
to in the text. Tectonic 
zones are probably 
contiguous between 
the Hellenic and 
Anatolian microplates, 
despite different terrane 
descriptions e.g., 
Pelagonian (Greece) and 
Menderes (Turkey). 

The conical-shaped 
Lycabettus Hill is an 
erosional relict of 
resistant limestone 
that towers above 
downtown Athens. 
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city are also underlain by Neogene-age clays and sands.  

These were significant in historical times for manufacture 

of bricks and pottery. Areas of the city situated on the 

unconsolidated clays and sands are far more prone to 

earthquake damage.  

The grey, blocky limestone in the interior hills of Athens 

is prominently jointed and includes fissures filled with 

marl or crystalline calcite as well as large caves. The 

Acropolis includes freshwater springs, e.g., Klepsydra 

which was known since Neolithic times and occurs within 

a prominent cave located at the contact with the less 

permeable marls and sandstones. Springs were probably 

more productive in classical times as infiltration has been 

effected by land use changes.   

The antiquities of the Acropolis, including the 5thC BC 

Parthenon, have foundations of limestone carved directly 

onto rocky outcrops.  Limestone was derived from sites 

including the Hill of the Nymphs (the Acropolis was 

not defaced by quarries) and Piraeus.  Most of the well 

known monuments, however, are constructed of marble 

derived from Mount Penteli (1,109 m), part of a 20-

km long range of hills situated north-east of Athens. 

Two main types were sourced, a grey upper layer (the 

colouration is ascribed to minute flakes of graphite) and 

The Parthenon and 
other monumental 

buildings of the 
Acropolis, Athens, occur 
on an erosional relict of 
limestone that overlies 
less resistant marl and 

sandstone. Many of the 
springs described by 

classical scholars occur 
on the contact at the 

base of the hill. Mount 
Parnitha is just visible in 

the background.

Part of the retaining 
wall of the Theatre of 

Dionysus, Acropolis 
Hill, consists of blocks 
of limestone breccia.
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a white, relatively pure lower layer (known as “Pentelic 

Marble”).   The ancient quarries on Mount Penteli have 

in part been incorporated into modern operations. The 

auditorium of the Theatre of Dionysus (5thC BC- 5thC 

AD), the most important of the sites on the southern 

slopes of the Acropolis, includes a retaining wall rebuilt 

using limestone (derived from Piraeus) and artificial 

blocks of conglomerate (or breccia).  

Additional sites to visit in Athens and vicinity are the 

National Garden Shaft and the Plain of Marathon. The 

former, part of the ventilation for the underground rail 

system located in the centre of the city has exposed 

a channel of the 6thC BC Peisistratean Aqueduct.  

Marathon, where the famous battle of 490 BC occurred 

between the Greeks and Persians is located approximately 

40 km north-east of Athens.  The area is part of a coastal 

plain located between the Parnissos Range and the South 

Euboean Gulf.  Burial grounds include a large limestone 

tumulus.

The antiquity of Delphi, the second most visited 

historical site on the mainland of Greece, is an extensive 

archaeological complex located some 180 km to the 

north-west of Athens. The modern village of Delphi 

clings precipitously to the south-western slopes of the 

Parnassus Mountains.  Mount Parnassus (2,457 m) is the 

primary skiing centre in Greece; the continental climate 

is sufficiently extreme as to produce snow-covered slopes 

in winter that contrast with the hot, dry summers. The 

twin peaks of the Phiadriades lie above the town, with 

the startlingly blue waters of the Gulf of Corinth located 

hundreds of metre lower.   

The Parnassus Mountains occur within the Pelagonian 

Tectonic Zone which is dominated by thick sequences 

of Triassic, Jurassic, Cretaceous, and Palaeocene-age 

limestone. Three erosional cycles are recognized in which 

the tropical climate resulted in deposition of thin layers of 

bauxite. (This area of Greece is a significant producer of 

aluminium.) The Parnassus Mountains are dominated by 

Triassic through Early Cretaceous strata (mostly resistant 

limestone) with Middle Cretaceous (less resistant 

limestone) and Upper Cretaceous-Palaeocene (limestone 

and chert) sequences occurring on the lower slopes. 

The dramatic topography is enhanced by rapid uplift 

The village of Delphi 
is overlooked by the 
antiquities perched on 
limestone cliffs of the 
Parnassus Mountains.
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adjacent to the Gulf of Corinth, an active Neogene-age 

graben initiated around 10 Ma in response to extension 

of the Aegean microplate.   

The steepness of the topography in the vicinity of Delphi 

has created an unusual landscape known to archaeologists 

and classical scholars as a Delphic Landscape. Delphi was 

known to the ancient Greeks as the centre of Earth and 

so naming the small, 25-30 km long River Pleistos which 

flows through the area as the “most” or “greatest” is 

not unexpected. (The Pleistocene period was named by 

Charles Lyell to reflect the great abundance of fossils 

in this epoch). Erosion on the Pleistos Fault which is 

aligned subparallel with the Gulf of Corinth has created a 

platform at a similar height to the main road and village.  

Above the road is a steep slope dominated by Jurassic-

age limestone. The age of the underlying red shales that 

underlie the fault is unknown.  

Delphi includes the remains of the Apollo and Athena 

Pronaia sanctuaries that were mostly active between the 

8thC BC and 4thC BC, although the oldest activity dates 

to 1600 BC and the youngest to 400 AD. The lowermost 

antiquities are linked by the Sacred Way which extends 

for several hundred m to the Temple of Apollo. The latter 

is associated with priestesses that delivered the oracle of 

antiquity. The original mythical name of Delphi is Pythia 

or “House of Snakes”, derived from Pytho referring to 

the decomposition of the body of the monstrous python 

purported to have been slain by Apollo. The Sibyl Rock is 

a pulpit-like outcrop of rock located on the Sacred Way 

where prophetess delivered their messages. Additional 

monuments include a theatre and giant 5th C BC 

“Stadion”, the latter being located some 500 m above 

the other sites.  The Stadion was extended by the Romans 

in the 2nd C AD to host the Pythian Games. 

Most of the buildings at Delphi are constructed from 

limestone that was locally-derived. Located behind the 

Temple of Apollo is the 6th C Polygonal Wall, the main 

face of which is some 90 m long, built of limestone blocks 

carved with ancient inscriptions. In a rocky cleft east of 

the Temple of Apollo is the Castalian Spring (although 

notably drier than in Classical Times) – which feeds 

into the River Pleistos - where the prophetesses washed 

and used recesses carved in the limestone for offerings. 

The inspiration underpinning the oracles are generally 

related to vapours (possibly with hallucinogenic gases) 

derived from the Kerna Spring, which is located above 

the Temple of Apollo. Piccardi (2001) and De Boer et 

al. (2001) describe evidence of the temple being sited 

on two intersecting faults, the N-S Kerna Fault (on 

which five springs are located) and the E-W Delphic 

Fault. Underground chambers include travertine with 

The antiquities at 
Delphi include the 

remains of the Temple 
of Apollo located in 

rugged limestone 
mountains known as a 

Delphic Landscape.
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bituminous deposits occurring at depth.  Hydrocarbon 

vapours, including methane and ethylene, are thought 

to be released during seismic events. Up to 0.3 ppm 

ethylene has been found in the waters of the Castalian 

Spring that supply the modern village. Traces of ethylene 

can cause psychedelic experiences and the decrease in 

the propensity of earthquakes over time at Delphi is 

consistent with the waning in significance of prophesies 

during the Roman period.  

The famous battle at the Pass of Thermopylae (480 BC), 

a continuation of the Greco-Persian conflicts, occurred 

in an area located some 17 km south of the regional 

town of Lamia, central Greece. The battle was described 

in historical accounts as having occurred on a narrow 

strip of land wedged between Mount Kallidromom and 

the Gulf of Malia, the latter being an extension of the 

North Euboean Gulf. The historian Herodotus (484-

425 BC) described the battle as occurring within three 

The theatre at Delphi 
is perched high on the 
limestone hill slopes. 

The commemoration to 
the 480 BC battle for 
the Pass of Thermopylae 
is located on a broad 
floodplain near the head 
of the Gulf of Malia.
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“gates” (or passes) at Thermopylae (or “Hot Gates”).  

The narrowness of the terrane, in particular at the 20 

m-wide Middle Gate was described as having favoured 

the small number of Greek defenders aligned against 

the much larger invading army. 

The interior mountains are part of the same tectonic belt 

as Delphi is located within. The high peaks are dominated 

by Triassic-Jurassic limestone with the northern slopes, 

including Mount Kallidromom consisting of Cretaceous-

age limestone and minor conglomerate. The area north 

and east of the Pass of Thermopylae formerly included 

an extensive marshland (it is now mostly farmland). 

The marsh is associated with the delta of the Spercheios 

River, but was also supplied by thermal springs that 

deposited significant beds of travertine. The current site 

of Thermopylae is unimpressive as the pass is separated 

from the sea by several km of reclaimed marsh and 

farmland. Hot springs can be observed at the Middle and 

West Gates; the latter has a good flow at a temperature 

of 400C but is despoiled by modern piping and an 

attempt at creating a bathing pool. Major changes 

have occurred in the landscape during the past 2,500 

years, particularly as to regards the narrowness of the 

defiles east of Mount Kallidromom. This has caused 

considerable conflict among historians. 

Inconsistencies between historical descriptions and 

modern landscapes, however, have been addressed 

by geomorphologic reconstructions (Kraft et al., 1987; 

Vouvalidis et al., 2010). Progradation of the delta of 

the Spercheios River has resulted in significant changes 

in the ancient shoreline. Drilling of seven boreholes 

into sediments that have partially infilled the Gulf of 

Malia indicate a thickness of over 800 m. They are 

ascribed to a Holocene-age marine incursion within an 

active graben that extends from the northern part of 

the Gulf of Euboea. The graben is aligned subparallel 

to several other rifts in the area initiated around 10 

Ma in response to extension of the Crust underlying 

the Aegean Sea.   Rapidly rising sea levels in the years 

following the melting of the Pleistocene Ice probably 

exceeded sedimentation rates; thus the Gulf of Malia 

formerly extended to the base of the mountains. During 

the static phase of the past 5,000 years, however, rapid 

rates of sedimentation within the graben have exceeded 

subsidence.  

Map of Thermopylae 
illustrating sea-level 

changes and location of 
the army camps relative 
to the three gates (after 

Kraft et al., 1987, and 
Information Board at the 

site).  
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Geological evidence indicates that during historical times 

the passes at Thermopylae were entirely inaccessible e.g., 

1700-1300 BC and 300 BC-1100 AD, whilst at other 

times, e.g., 480 BC they were as narrow as described 

by Herodotus.  During the 19th Century the course of 

the Spercheios River was diverted towards the southern 

shore and rapid rates of sedimentation (enhanced by 

land use changes in the interior) resulted in broadening 

of the coastal plain to some 5 km. Finally, the active 

geological setting of Thermopylae suggests it is unlikely 

to have been as significant a route between northern 

and southern Greece as has been suggested.

The antiquity of Olympia is located in the Peloponnese 

(literally “Islands of Pelops”, the latter a mythical king), 

which is connected by the narrow Isthmus of Corinth 

to central Greece. The region is mountainous and 

considerably drier and more desolate than the central 

and northern parts of the country. The north-western 

part of the Peloponnese is dominated by the Arcadian 

Mountains, part of the Ionian-Peloponnese Tectonic 

Zone. The mountains are comprised of Jurassic through 

Cretaceous-age limestone with coastal plains dominated 

by Neogene-age and younger sediments. The modern 

town of Olympia is linked to the coastal town of Pyrgos, 

on the Ionian Sea, a locus for cruise ships, by road and 

railway.  The town is situated near the confluence of the 

Alpheios and Klade rivers in a broad, fertile flood plain.   

The antiquities occur on a low-lying site between the 

confluence and low hills located to the north.  

Example of active 
sedimentation in a 
river of central Greece.

The 5th C BC stadium 
at Olympia with the 
192 m-long running 
track was enclosed 
by grassy banks.  
View looking towards 
Kronos Hill. 
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Olympia is a dominantly Hellenic site first occupied in 

3,000 BC where from 776 BC until 393 AD a four-yearly 

sporting event that initially included all of Greece and 

then the Roman Empire took place. The most famous 

component, the oval-shaped stadium with an interior 

length of some 150 m may originally have been a natural 

channel of the River Alpheios.  Other features of note are 

the Temples of Hera (650 BC) and Zeus (465 BC), the 

latter originally containing the ivory and gold Statue of 

Zeus, one of the Seven Wonders of the Ancient World, 

built of locally-derived Pliocene-Pleistocene-age shelly 

limestone.  Some of the tiles and sculptures are of either 

Parian or Pentelic marble. 

The flood plains at Olympia are underlain by Holocene 

and Pleistocene-age alluvium with the hills, including 

Kronos Hill consisting of Pliocene sands, silts, clays 

and pebble deposits (Higgins and Higgins, 1996). The 

Pliocene-age deposits are unconsolidated and have been 

eroded to form slopes that are visibly unstable; small 

landslides are a common occurrence within and adjacent 

to the Olympia site. The area is also prone to major 

earthquakes and the site was severly effected by events 

in 522 and 551 AD.

Permission by Michael Higgins to quote from the book 

he co-authored with his father is greatly appreciated.  

Most of the historical descriptions have been obtained 

here.

Photographs by the author 
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The monumental 
entrance to the 

western end of the 
Olympia Stadium 

was constructed of 
locally-derived blocks 

of limestone.
Giant block of Pliocene-Pleistocene-age shelly limestone typical 

of the building material used at Olympia.  
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35th IGC Highlights

• 4000 earth scientists from around the world     
• 117 countries represented
• 3650 oral and poster presentations
• Three Core Topics:
 • Geoscience in Society
 • Geoscience in the Economy
 • Fundamental Geoscience
• 48 Themes with 220 Symposia
• 45 Day Trips and Field Excursions
• 30 Workshops and Short Courses
•  Over a hundred exhibitors
•  Two books published for the Congress:
 • Africa’s Top Geological Sites
 • Mineral Fields of Africa 
   (as a special issue of Episodes)
 
The Geological Society of South Africa is proud to 
have assisted the Council for Geoscience in staging 

this once-in-a-lifetime event.  
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