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from the editor’s desk

They live among us, well-disguised, those who are
more reptile than mammal. Mammals can be pretty
mean, but mammals do spend an inordinate amount
of time looking after their off-spring, whilst if you’re a
turtle, you lay a few hundred eggs, leave them and
trust that one or two will grow up on their own and
make it back home. Look after number one is the rule
in turtle world, because nobody else is going too. One
of the ways of spotting those who live by the rule of
the turtle is watching how they deal with power. Hitler
and Stalin were extraordinary individuals with mass
followings but by clinging to power until the bitter end
they demonstrated that in the final analysis, number
one was more important than the millions. By contrast
our Nelson Mandela really did show how to use power
in service of the masses.
To be fair to reptiles, not all of them are turtles. The
way the early Jurassic fossil eggs at Golden Gate are
arranged suggests that early dinosaurs hung around
the nest sites at least long enough to see their off spring
take their first baby steps. Nobody knows for sure
what eventually wiped out the dinosaurs at the end of
the Cretaceous. The initial idea that a meteorite did
it certainly captured the imagination of the public at
large, but surveying mass extinctions in general points
to a different suspect. The common feature of all mass
extinctions is a temporal association with massive
magmatic events. The ‘Mother of Mass Extinctions’ at
the end of the Permian coincides with the eruption of
the Siberian traps, the end Triassic extinction with the
emplacement of the Central Atlantic Magmatic Province,
and the end Cretaceous extinction with the eruption
of the Deccan traps. The eruption of the Drakensberg
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lavas coincides with the relatively minor PliensbachianToarcian extinction in the early Jurassic. Exactly how
magmatism killed creatures is still contentious but
gases are the likely culprits. In any event, magmatism
suddenly and rapidly changes the environment for
the worse. Why did some survive the catastrophic
environmental changes and others not? Most dinosaurs
didn’t make it out of the Cretaceous because many of
them had evolved along the path of gigantism where
every dinosaur eats as much as he can – look after
number one has to be the guiding principle if you are
big and greedy. The dinosaurs that did make it out of
the Cretaceous are those who gave rise to modern
birds. They had continued with the bird-like habits of
the earliest dinosaurs where looking after each other
was part of life. In the devastated environment of the
end Cretaceous this compassionate attitude might have
been enough to see the bird-like dinosaurs through.
The current South African environment may perhaps not
be as devastated as that of the end Cretaceous, but it
is certainly pretty bleak, only in this case no cosmic or
geological catastrophe can be blamed. The unfettered
greed of the Guptas is at the root of most, though not
all of our current woes. The decline in civil services has
been going on for some time now. The decaying postal
system, part of the reason Geobulletin has gone online,
cannot be blamed on them, nor can the sorry state
of the school system. However the inability of Eskom
to keep the lights burning, and the draining of capital
from the mining system are products of the corruption
which the Guptas have brought to the party. Still, as
bleak as things are, there remain those who are able
to see cause for optimism. In a remarkable speech at
the Fellows Dinner, Richard Stewart (see picture of p.
15) managed to see green shoots emerging. Although
the mining industry has been laid low, the patient is still
breathing and will rise again. The fundamentals are
sound and the main obstacle is policy uncertainty. The
geology can’t be changed but policies can, and the
new men in power are showing signs of making the
right changes.
There is a certain beauty in bleakness. Even those who
do not greatly admire the stark grandeur of the Highveld
in winter must concede that the orange backpack on
the traveller near the Cradle of Humankind (front cover)
suggests a certain jauntiness, hinting at the surprises
buried beneath this landscape. The latest surprise comes
from a study led by Robyn Pickering, who has been

Volume 61 ~ Number Four ~ DECEMBER 2018

Some of our cousins, the small-brained Homo naledi
perished in the Sterkfontein caves much more recently,

sometime between 226 and 335 thousand years ago
(https://doi.org/10.7554/eLife.24231.001). Exactly
what they were doing there remains contentious.
Whilst it may be possible that they were responsible
for making some of the stone tools found around
the Cradle, it is also possible that they were instead
the victims of the makers of stone tools. At present
the genes which date the deepest diversion among
Anatomically Modern Humans at 260 to 350 thousand
years ago come from former residents of KZN (DOI:
10.1126/science.aao6266). The coincidence of the
dates of the appearance of Anatomically Modern
Humans with the disappearance of little Homo naledi
does seem to suggest that they were our victims. We
look out for each other but sorry for you if you get in
our way.

SOCIETY NEWS

working in this area for more than a decade (Centrefold).
In the article in Nature (https://www.news.uct.ac.za/
article/-2018-11-22-early-human-history-breakthrough)
the caves at Sterkfontein are shown to preferentially
preserve fossils from dry times because in the wet
times the caves close up. The study provides evidence
of six wet phases between 3.2 and 1.3 million years
ago. Much as it may pain the South African geologist,
current opinion largely favours an East African origin
for humankind, in part because East Africa has volcanic
units which provide a robust chronology to back up
this hypothesis. The groundbreaking work of Robyn
Pickering and colleagues is establishing a flowstone
based chronology which will place South Africa on an
equal footing with East Africa.

Chris Hatton

executive managers
the White House and Republican party do not want
to hear. They may have hoped no one was paying
attention, but this strategy seems to have backfired
given the amount of media attention generated (except
of course on Fox news!). It is looking more and more
like denialists of anthropogenic climate forcing will be
on the wrong side of history.
At the early November AAPG meeting in Cape Town,
various panellists and keynote speakers noted that fossil
fuel producers must adapt to a ‘low carbon’ future.
Different strategies will be required for different types

Craig Smith

of energy producers, ranging from Carbon Capture
and Storage (CCS) to an increasing reliance on gas
over heavy oils. There is no question that electric
vehicles will eventually replace those powered by the
The Intergovernmental Panel on Climate Change

internal combustion engine. I am waiting for the day

(IPCC) and United States Global Change Research

when I can zoom from Cape Town to Johannesburg

Program (USGCRP) reports on climate change have

on one charge – or when there are enough charging

been released with all the attendant fanfare (see www.

stations distributed across the country. Of course, this

http://www.ipcc.ch/ and http://www.globalchange.

assumes that Eskom can get its act together, which is

gov/), and all earth scientists should take note of the

another story.

conclusions of these documents. The US study addresses
climate change effects on different regions within the

Climate

change,

whatever

United States – but the general conclusions have global

component, is the signature issue of our time and it has

application. A similar detailed analysis is needed for

been shamelessly politicized. As professional scientists,

southern Africa. The American report was released on

we know that science should inform policy; politicians

Black Friday, the day after the Thanksgiving holiday, in

are failing the world when they subvert science to a

what seems to be an effort to blunt the message that

predetermined political or economic end. In defence

geobulletin
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of the policy makers, however, it is hard to know what

news is that less than a quarter of the registered

projections of the future energy mix can be trusted.

delegates actually attended on the day. I apologize

There is an order of magnitude difference between the

to the membership, but we cannot stage events on this

renewable energy and oil and gas sectors as regards

basis. During 2018, we have experienced registered

the proportion of the renewable component projected

‘no-shows’ in a number of meetings and we may have

by 2040 or 2050. Few of these estimates are unbiased.

to become stricter with requiring advanced payment

Personally, I predict that renewables will increase in

despite the convenience of on-site credit card payment.

importance far faster than most believe. Although

Catering and other services have to be organized

electric cars are still mostly powered ultimately by fossil

well in advance, so a significant cost is generally

fuels, this will change. We are likely to see stranded

incurred irrespective of attendance, not to mention the

fossil fuel deposits, and this should be one of the risk

inconvenience caused to others when registration is

factors when assessing any new project over decadal

closed early due to high numbers.

time scales. I do not believe this is currently given the
attention needed.

This is the last issue of 2018, and I would like to
thank all contributors to Geobulletin, sponsors and

Continuing Professional Development and the coming

advertisers, and the editor (Chris Hatton) and layout

requirement to have a CPD record is a hot topic right

artist (Belinda Boyes-Varley) for making it all happen.

now. The GSSA has prepared a short half day workshop

May all our readers have a relaxing, happy and safe

which will be repeated next year at times and venues

year-end – and get ready for 2019! As per practice in

to be organized. As a service to members, attendance

recent years, the GSSA office will be closed between

at the first was essentially free, with a small fee to cover

December 14 and January 2.

tea and a light lunch. The good news is that registration
had to be closed early because of demand. The bad

Craig Smith

president’s column
Ed
Swindell

The year-end approaches and, as for the last 5 years,
it has been marked by the GSSA African Exploration
Showcase which was hallmarked by a full and crowded
programme.
The

lack

of

greenfields

exploration

and

the

preponderance of brownfields projects was apparent.
A panel discussion before the presentations commenced
set the scene and highlighted the lack of any funding
for greenfields exploration, while it became apparent
through the course of the day that in South Africa there
is some appetite for returning to old abandoned sites
and re-drilling and evaluating them, leading to some
noteworthy success. These included vanadium, zinccopper and platinum projects.
Elsewhere

in

Africa

the

challenges

of

project

development were highlighted and some success under
extraordinarily difficult conditions could be pointed to,
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if not bragged about. What was of great interest was

an exploration company’s destination of choice. One

the range of commodities being spoken about, namely

of the ironic benefits of the last twenty years of a

lithium, tin, REE’s, graphite, iron and bauxite. Unlike

dearth of fundamental exploration activity outside of

similar meetings elsewhere in the world, such as in

known district or immediate mine site drilling is that

Canada there was no mention of gold.

the country became effectively sterilised and missed

SOCIETY NEWS
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out on the application of lots of the advances made in
The Exploration Showcase has yet again proved to be

exploration thinking and technology. This may provide

a very relevant and valuable component of the GSSA

us with a real opportunity to rethink the country’s

calendar. A quick show of hands at the closing of the

geology and exploration potential.

meeting proved the appetite for a repeat next year.
Some of the renewed sense of optimism in the room

There was news this week out of Canada, one of

may, in part, be ascribed to the progress made with

the world’s most competitive and active exploration

the Mining Charter.

countries to the effect that Canada has just committed
to a 5 year renewal of the Mineral Exploration Tax

Geologists following current affairs will have been

Credit (METC). The METC is a 15% non-refundable

aware of the Mining Charter roll out earlier this year.

tax credit designed to incentivise investment in junior

What many may have missed is the statement by

exploration companies. This credit’s flow-through share

the Minister to the effect he has moved to undo one

mechanism allows companies to transfer the expenses

of the most damaging elements in his predecessor’s

associated with exploration activities to investors, who

version of the Mining Charter, namely the releasing of

can then deduct these expenses from their own taxable

exploration companies from onerous black ownership

income. Discoveries such as Ekati, Diavik and Voisey

conditions, that the industry partially blames for the

Bay are credited to flow through share financing.

drop in exploration activity to devastatingly low levels

Mechanisms such as this render Canada extremely

not seen in about five decades. The Minister went on

competitive and the move to multi-year renewal has

record stating that prospecting rights fall outside the

just further enhanced this position.

obligations laid out in the charter for mining rights. An
analyst reportedly said that after a decade of hiatus in

Surely we cannot hammer on about South Africa’s

prospecting in SA, there was finally positive news for

mineral endowment attractiveness as a major incentive

exploration.

for exploration without paying serious attention to the
competiveness of the exploration business in South

However the proof of the pudding remains in the

Africa as such. Many studies have shown that mineral

eating as once a deposit reaches the development

endowment is insufficient to render an exploration

stage it remains subject to the obligations of the charter

destination attractive. Exploration and greenfields

and this remains a very expensive exercise for any

exploration in particular is a high risk and expensive

company. It will have to effectively fund 100% of the

business requiring the successful alignment of a number

project, including the 30% for empowerment partners,

of factors, including the availability of risk capital,

making it unlikely there would be a flood of new mines

innovative geoscience and exploration technology,

in SA, with only the best deposits being able to clear

market developments and market opportunities, and

investment hurdles. However some optimism may be

security of long term tenure. Some small steps appear

returning to the exploration business in SA. I think

to have been made now to make exploration a bit

we remain far from the potential for the high levels of

more attractive in South Africa but until Government

exploration activity I personally experienced and lived

comes to the party with real and meaningful incentives

through during the 1970’s and 1980’s, and I certainly

we cannot expect too much activity or growth in the

don’t feel that there is any prospect of a return to the

exploration business especially given the level of

levels of greenfields exploration we enjoyed during

competitiveness internationally.

those years. But hopefully we may start returning to
a state of play whereby we may once again become

Ed Swindell

geobulletin

DECEMBER 2018



SOCIETY NEWS

CPD for GSSA
CONTINUING PROFESSIONAL DEVELOPMENT (“CPD”)
FOR GSSA MEMBERS
“The half-life of knowledge is eight years. So, after eight
years, half of what you know will be forgotten, irrelevant
or just plain useless. The answers to the problems keep
changing, which means that the professional must
be committed to expanding and improving his or her

digitally);

knowledge.” (Sonnenberg 2007).

• Helps the individual focus on learning from

Continuous Professional Development (“CPD”) is a term

• Helps the individual set development goals and

used to describe learning activities that professionals
take part in to develop and enhance their skills1, thereby
expanding and improving their knowledge. It is the
systematic maintenance, improvement and broadening
of knowledge and skills, and the development
of personal qualities necessary for execution of
professional and technical duties throughout the
individual’s working life2. It refers to the process of
tracking and documenting the skills, knowledge and
experience that an individual gains, both formally and
informally, beyond any initial training. This may include
courses, workshops, informal learning opportunities, or
vocational education that helps to expand knowledge
or add new skills related to a chosen career.
The key features3 of CPD is that it:
• Is self-directed: driven by the individual, not the
employer or registering (professional/statutory)
body;

experience, reflective learning and review;
objectives;
• It includes both formal and informal learning.
CPD and the GSSA Membership
Clause 7 of the GSSA Code of Ethics states that
“Members shall continue their professional development
throughout their careers and shall actively assist and
encourage those under their direction to advance their
knowledge and experience……”. Consequently, it is
incumbent upon all members of the GSSA to be aware
of their obligations in this respect, which includes
logging their relevant CPD activities. Such logging
may be as simple as a hard-copy file, a Word or Excel
document kept on a member’s personal computer or a
formal digital record housed on a website.
The GSSA has developed a CPD system, benchmarked
against other international Geoscience organisations,
that is sensitive to the needs of the geoscientific
community. It includes an operational website portal

https://www.oxbridgeacademy.edu.za/blog/continu-

1

ing-professional-development-cpd-matter/
https://www.jobs.ac.uk/careers-advice/managing-

2

your-career/1318/what-is-continuing-professional-development-cpd
https://www.jobs.ac.uk/careers-advice/managing-

where members can log their activities in a formal
setting. The CPD portal is located in the secure,
members-only, section of the website (http://www.
gssa.org.za/GSSA/cpd.jsp). All GSSA members are
encouraged to register on the GSSA website, update
their personal information and log their CPD activities

3

in order to maintain compliance with the GSSA Code

your-career/1318/what-is-continuing-professional-de-

of Ethics.

velopment-cpd
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Formal Learning

of honesty and integrity by the membership.

Acceptable activities would include (but not be

However, good governance requires that the system

confined to):

be subject to annual auditing by both the GSSA

•

Attendance of formally structured courses, seminars,

and SACNASP. Guidance is given for activities that

conferences, field-trips, etc. such events are

might be included, but the application of the system

typically confined to related technical knowledge

is based on principles and not strict rules.

and/or skills provided by a third party. It is highly

2. CPD points or credits are based upon activity units

SOCIETY NEWS

1. The system is underpinned by the presumption

recommended that at least one course per five-year

called Professional Development Hours (PDH),

cycle includes SAMCODES-related training.

which are convertible to formal CPD points. The
system is not based on points credited for specific

One hour of formal professional development training

activities or doing work (for being employed), rather

in a properly structured and recognised course will

it is based on the time spent pursuing professional

equate to 1 CPD. Therefore, a full-day course will

development activities.

attract 8 CPD points and a half-day course would

3. The CPD cycle is a five-year system – the current

attract 4 CPD points.

cycle runs concurrent with the SACNASP cycle (from
1 April 2017 to 31 March 2022). (The cycle then

Additionally, if this is a tested activity the CPD points

closes, everything reverts to zero and the following

would be weighted 1.5 times to recognise the additional

five-year cycle begins.

effort required to study and pass the test.

CPD Categories/Activities

Such activities would not be confined to GSSA-

Four categories have been identified for Professional

organised courses – any relevant formal learning

Development, namely, Formal Learning, Knowledge

activities may be applicable, local or international

Contribution, Self-directed Study and Informal Learning,

(typically confined to related geoscience knowledge/

and Professional Practice. Members are encouraged,

skills provided by a third party). Formal, structured

but not obligated, to log hours and activities across

in-house training/conferences, as well as relevant

the spectrum, as possible. It is fundamental to the CPD

e-learning, on-line, webinar, correspondence or live-

philosophy that the goal is personal development and

streaming courses would also be included in this

not simply collecting points.

category.

Activity

Annual Professional

PDH

Annual CPD

Maximum

Development Hours

Weighting

Points

points per

Objective

year

(PDH) Objective
Formal Learning

5 days (40 PDH)

1 (1.5- Tested)

40

80

Knowledge Contribution

Not set

3

No maximum

No maximum

Self-directed study and

48 Hours (12PDH)

0.25

12

20

Professional Practice

64 Hours (8PDH)

0.125

8

10

Total

60 PDH

60

110

informal learning

geobulletin
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Any such course can be included in the list by the

• Time spent leading field-trips, writing5, publishing,

SOCIETY NEWS

course leader or a course participant, without prior

reviewing or refereeing papers, CPR’s, etc.

accreditation from the GSSA CPD Committee. However,

A special dispensation is available for post-graduate

an audit sample (some 10-15%) of formal courses will

students (part-time or full-time), whereby 10 (Hons), 20

be validated annually by the GSSA CPD Committee.

(MSc) or 40 (PhD) PDH may be claimed in the year of

• Course leaders/organisers are encouraged to keep

graduation.

records of the date, location and duration of the
course, presenters (including their CV’s/resume’s),

An author publishing a relevant book would be

numbers (and names) of participants as well as

entitled to claim 20PDH (60CPD credits) in the year of

copies of the course material and any feedback from

publication.

the course participants where relevant, in the event
that such may be required for course validation.

Self-directed Study and Informal Learning

Course validation charges will not be levied by the

As this is not a structured nor as intensive an activity as

GSSA.

is, for example, course attendance, this category would

• Course participants are encouraged to keep
certificates

of

attendance

or

any

formal

attract fewer points e.g. 1 PDH could attract 0.25 CDP
points. This activity is subject to an annual maximum.

documentation/course notes for verification, if such
should be required. Note that proof of registration

Acceptable activities would include (but not be limited

is insufficient to confirm attendance.

to):
• Attendance at non-structured, informal lectures (for

Knowledge Contribution
The

preparation

and

presentation

example, the Geo-talks at UWWR, UJ, WimSA
of

material

events, African Mining Network Dinner series of

contributing to professional development (this does

events, GSSA/SAIMM branch lectures, Alex du Toit

not include academics whose day-to-day job includes

Memorial Lecture, etc.);

lecturing). The time, effort and study involved will be
suitably rewarded e.g. a one-hour lecture could attract
additional CPD points by virtue of being weighted
three times. There is no maximum CPD for this category
– the contributors should receive the full benefit of
their efforts (theoretically, a member could acquire

• Reading of relevant, geoscience-related, Journal
articles;
• Personal research (including research for technical/
academic papers, presentations or CPRs).
• Viewing of on-line presentations, such as the Wits
Geoscience YouTube series.

all their CPD points through this activity which is
especially applicable in the case where geologists may

It is recognised that these activities are not auditable,

be unemployed and/or are not able to attend formal

and a member is not required to provide a list of journal

courses).

articles read or websites visited for research purposes.

Acceptable activities would include (but not restricted

Professional Practice

to):

This might be defined as self-development to meet or

• Preparation

and presentation of professional

exceed the requirements of the role of a professional

development material, courses or technical lectures

geologist. This does not include day-to-day work but

(as above, an audit sample may be verified by the

covers the work activity extended beyond the routine

GSSA CPD Committee – members are encouraged

but that does enhance the member’s professional

to keep copies of lectures and formal course

skills set. This category acknowledges the current

programmes, or certificates of presentation, where

active professional status of the member and serves to

applicable).

recognise that a great deal of professional development

4

For guidance – typically, 5 PDH of preparation per hour of (new) lecture and 1.5 PDH for preparation of a
repeat lecture
5
For guidance – a sole/first author might claim 1PDH per page (±500 words) and a second/subsequent author
might claim 0.5PDH per page. This does not include time spent on research, which must be claimed under
“Self-Directed Study and Informal Learning”.
4
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occurs on the job. CPD’s would be awarded on the

No Exemption

basis of 8PDH of this activity being equivalent to 1CPD.

Note that no general exemptions for members who

This category is also subject to an annual maximum

for example, have been retrenched, are unemployed

Acceptable activities may include (but not restricted

time) are available. The GSSA CPD system has been so

to):

designed such that these ones could give of their time

• Acquisition of significant skill-sets such as the

and knowledge and still earn CPD, even when they

member would add to his/ her CV and could

could no longer afford to pay for and go to courses.

readily be justified to the peer group;

For example:

• Developing applicable soft-skills, such as general

• An unemployed Masters/PhD graduate could claim

managerial or business courses, relevant language

some PDH time after being awarded their degree

skills, software training, advanced 4-wheel driving,

for time spent on writing up a paper and getting it

first-aid, mine-rescue training, etc.

published;

• Attending professionalism/ethics courses;

SOCIETY NEWS

or retired (but still looking for work or working part-

• An unemployed/retrenched or retired individual

• The writing of, for example, standard practices
(SOP’s) or articles for relevant non-technical
Journals, newsletters, websites

might claim for time spent:
• Preparing and presenting at a meeting of the Egoli
Branch, for example.

• Leading or taking part in internal workshops,
“Career Days”, social or environmental upliftment
activities related to a Social License to operate,
etc.

• As members of the various SAMCODE Committees
or Working Groups
• Organising and/or participating in GSSA branch or
division activities

• Attending events such as Electra Mining;

• Assisting

• Being on the organising committee of relevant
conferences, courses, workshops, etc;

with

GSSA

website/Facebook

contributions/maintenance
• Reviewing technical papers for SAJG or related

• Actively contributing to one or more applicable

conferences

statutory or professional organisations, committees
or

councils

(GSSA,

SAIMM,

SAMCODES,

SACNASP, CGS, etc).

Academics
Academic and/or Post-doc members are not exempt

• Time spent in mentoring (formal/informal) and
being mentored.

from CPD requirements. Members undertaking full or
part time post-graduate studies are not exempt from
CPD requirements, although special dispensations are

Likewise, many of these activities are not auditable.

available in the year of graduation (see section on
Knowledge Contribution above).

EXEMPTIONS
Full exemption

Field-based geologists in remote areas

The GSSA allows that fully retired members (members

Field-based geologists (local or in remote areas)

who no longer do any consulting or work of a geoscience

are not exempt from CPD requirements. Such ones

nature) are exempt from CPD requirements.

can obtain credits through, for example, on-line or
correspondence studies, writing/publishing papers,

Partial exemption

personal research, mentoring, organising and taking

Partial exemption for two-thirds of the annual CPD

part in internal workshops and organising relevant

requirement of 40CPD credits for a specific year is

social upliftment activities.

available on written application and motivation to:
• Members on special leave, such as maternity/
paternity/parental

leave,

leave-of-absence,

or

extended sick-leave;
• Members with extraordinary special circumstances
(these will be considered on a case-by-case basis)

Members abroad
Members

abroad

are

not

exempt

from

CPD

requirements. The GSSA system is so designed that
members working/living anywhere can obtain credits.
Members may also comply with a mandatory CPD

geobulletin
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program for another local or international engineering

SACNASP will afford recognition of the GSSA CPD

and/or geoscience association where their membership

system on the following basis:

is in-good-standing and the program is comparable.

SOCIETY NEWS

1. The GSSA will audit some 10% of all members CPD
CPD for GSSA members registered with

credits over the five-year period. If selected for

SACNASP

audit, members will be required to send verification

Starting in January 2015, SACNASP (South African

of their CPD activities in the form of a certificate,

Council for Natural Scientific Professions) initiated a

list of results, record of attendance or a written

mandatory system of accumulating CPD points for all

verification from the institution that presented

registered natural scientists.

the developmental activity, as well as any other
information that the GSSA may request.

In November 2017, the GSSA and SACNASP signed

2. Annually, before the end of April, GSSA members

a Memorandum of Understanding (MOU) that will

should log into the SACNASP website and supply

obviate unnecessary duplication and afford the

the required information (see section below on

registered Professional Natural Scientist who is also

“Updating your CPD points on the SACNASP

a member of the GSSA a more applicable means

website”). The onus is on each member to submit

of recording CPD points.

In terms of this MOU,

his/her points on the SACNASP website. The

SACNASP agrees to recognize that GSSA

GSSA is not responsible for sending a members

members may use the GSSA system hosted

CPD information to SACNASP and will not be

by, and accessed through, the GSSA website,

responsible for members who fail to comply with

and which is specifically designed for the Geology

this obligation.

and Earth Science fields of practice. In turn, the GSSA

3. Annually, the GSSA is required to submit to

agrees to recognize the SACNASP system accessed by

SACNASP, a list of all GSSA members7 CPD

GSSA members through the SACNASP portal. Note,

compliance status.

however, that a combination of the two systems will not
be acceptable – either the individual must log all their

Logging your CPD credits on the GSSA

points under the SACNASP system OR all their points

website

under the GSSA portal.

On the GSSA website (www.gssa.org.za), go to
“Members Access” and log in with your member

So, all SACNASP-registered geoscientists, who are

username and password). Update your personal

also members of the GSSA, will only be required to

information under “My Details” – it is especially

record their ongoing professional development in

important to include your SACNASP registration

either the GSSA system or the SACNASP system6. It is

number (if relevant) and note whether you are doing

the responsibility of the member to log their own CPD

your CPD on the GSSA or SACNASP website.

points on whichever system they choose. Neither the
GSSA, nor SACNASP will be responsible for hunting

Input PDH activities under “My PDH Points” and the

down which courses have been attended by which

system will automatically calculate the relevant CPD

members.

points and include them in a summary table. The system
will also generate a standardised report8 (CPD_Log.

The GSSA will be responsible for ensuring that all

pdf) that the member can download and include with

GSSA-related courses are uploaded to the SACNASP

a CV.

website. Other service providers are responsible for
their own courses

GSSA members also registered with SACNASP must
then log into the SACNASP website https://cpd.sacnasp.
org.za/#/ (during April of 2019, for example), log into

6

Note that logging of CPD is required under only one

system, not both.

10
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detailing their activities for the previous year. The
SACNASP system will automatically credit the member
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with full CPD status. Note that this accreditation will

CPD sub-committee is working to enhance features

only take place annually after the CPD_Log.pdf has

and keep course lists up to date.

been uploaded and not on an ongoing basis.
Further information will be provided once the SACNASP

CPD portal on the GSSA website can be directed

and GSSA websites have been updated.

to Johan Krynauw at krynauw@icon.co.za. A

SOCIETY NEWS

• Any questions on the application of CPD or the

number of documents and presentations can also
Logging your CPD points on the SACNASP

be downloaded from the website, with detailed

system

instructions on how to add PDH/CPD credits to

A GSSA member who wishes, may prefer to log their

one’s profile.

CPD points on the SACNASP website. The log-in
portal is https://cpd.sacnasp.org.za/#/. Annually, the

Please report any problems with entering PDH

members will need to download a certificate of CPD

activities/hours – the CPD sub-committee is aware of

compliance from the SACNASP website9 and upload

some of the issues and is working to solve them.

it to the GSSA website, to be accredited.
• It is fundamental to remember that CPD is a selfMore information on the SACNASP system is contained

directed process and is the personal responsibility

in documentation on the GSSA CPD webpage as well

of each individual member. It is not the obligation

as on the SACNASP website. All queries regarding the

of either the members employer or the professional

SACNASP system must be directed to SACNASP.

or statutory body to provide activities or to log and/
or submit CPD credits on behalf of the member.

NOTES TO MEMBERS
• It is to be appreciated that the CPD system is still in

Employers will certainly benefit from having a

its infancy and certain aspects of the website may

workforce that is professional, experienced and up-

be lacking in full functionality. Please note that the

to-date. They may also benefit themselves in terms
of the Mining Charters obligation to invest in Human

7

That is, only GSSA members who are also registered

with SACNASP.
8

This feature is currently absent but will be available

before April 2019.
9

This functionality will also only become available

during early 2019.

Resource Development and to assist in developing and
implementing career progression plans. The GSSA
would, therefore, encourage employers to support
their members’ efforts in their continued professional
development, recognising that such support may not
necessarily always be financial in nature.
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Fellows Dinner unwrap
Wednesday evening the 14th November saw glamour
and stardust amid the finery on show at the Fellows
Dinner of the geological Society of South Africa.
The full sequence of photos can be downloaded from:
https://wetransfer.com/downloads/
9c6eba66ac8d8068be0dfcf9108febde201811220852
58/57d9833837747e94a9b6255b152870e120181122
085259/5ac207
25 of the 40 new Fellows made it to the reception of
their certificates in person.

Chazane Allison long receiving her Fellows
Certificate

Albie Brits delighted to receive his certificate

Janine Fleming was obviously thrilled to be
nominated and gratefully receive Fellowship status!

Danie Grobbler suitably pleased to be made a
Fellow of the Society

Dr Tawanda Darlinton taking the reception
seriously.

Nosiphiwo Mzamo was obviously delighted to be
recognised as a Fellow.

12
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Professor Jason Ogola was thrilled to be made a Fellow.

Jan van der Merwe felt a bit chuffed to become a
Fellow too.
Pride of place was the
presentation to professor Grant
Cawthorn of the Draper award,
with the citation read on behalf
of Lawrence Rob and Judith
Kinnaird. Grant responded
with enormous gratitude for the
honour of being selected the
recipient of such a prestigious
award.

Professor Grant Cawthorwn recipient of the Draper award responded in true form.

Dr Mike De Wit very pleased at having received
the Des Pretorius award.
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Dr Mike de Wit received the Des Pretorius memorial award
with a citation read by Craig Smith on behalf of Mike lain and
himself as proponents of his name.

A proud line-up of
awardee recipients
and our guest speaker
Dr. Richard Stewart of
Sibanye Stillwater on
the Right hand side.

14
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Naledi Chere was absolutely delighted and brimming with
pride for her co-authors and her paper in SAJG which netted
the Jubilee award for 2017.
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Then it was time to network:

Richard Stewart presented the dinner speech and held the hall
enthralled with a superb address.
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REI fund of the GSSA
REQUEST FOR APPLICATIONS TO THE
RESEARCH, EDUCATION AND INVESTMENT (REI) FUND OF THE GSSA

!! CLOSURE DATE FOR APPLICATIONS:

31 JANUARY 2019 !!

The GSSA Research, Education and Investment Fund (REI Fund) is inviting applications from
GSSA paid up-members (including current post-graduate student members) for grants from
the Fund, to be received at the GSSA office not later than 31 January 2019. Applications can
be made using the online application form available on the GSSA web site (www.gssa.org.za)
or sending an email to info@gssa.org.za for the application form.
Link to the online application form:
https://www.cognitoforms.com/GeologicalSocietyOfSouthAfrica/ResearchEducationAndInves
tmentFund
Grants are intended to support a variety of earth science research costs, including analytical
and field costs, conference attendance, and publication costs. Projects that promote and
support earth science awareness such as geoheritage, geotourism and geo-education may
also be supported. Expenses related to (annual) registration and tuition fees, 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 2019 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, Bertus Smith, Rob Ingram, Derek Kyle, Richard Viljoen, Mike Wilson and two office
bearers of the Society who have ex officio status, namely the President (Ed Swindell) and the
Executive Manager (Craig Smith).

16
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‘Merging maps for an emerging future’
Council for Geoscience Annual Conference 2019,
11–12 February 2019
The Council for Geoscience Conference will bring together
national and international scientists to discuss aspects of its
new “integrated and multidisciplinary geoscience mapping
programme 2018–2021”.
Within the broad geological mandate of the organisation,
special emphasis will be placed on: geoscience for minerals
and energy; geoscience for infrastructure and land use;
geoscience for health, groundwater and the environment;
geoscience innovation; geoscience diplomacy.
The technical organising committee received nearly twice
as many abstracts as in previous years necessitating
presentations to be held in parallel sessions. The conference
has ten invited national and international experts presenting
on issues relevant to the conference subthemes. These
keynote presenters are Dr Bob Thomas, Dr David Khoza,
Dr Emmanuel Sakala, Dr Jeanine Engelbrecht, Mr Stephen
Hine, Prof. Louis van Rooy, Prof. Laurence Robb, Prof. Patrick
Vrancken, Prof. Richard Ernst and Prof. Ronald Cohen. With
this annual conference, the CGS hopes to provide to its
stakeholders insight into all the nationally funded research
projects it is undertaking and show via the invited speakers
the new areas of enterprise it is hoping to pursue.
The conference is fully subscribed due to a much larger than
I\TIGXIHƽSSHSJVIKMWXVEXMSRWERHGSRWIUYIRXP]VIKMWXVEXMSRW
have been closed until additional resourcing can be arranged.
The organising committee will hopefully open the online
registrations again and will post any new information on
the conference website. The website is available at http://
geoscience.org.za/cgs/ and may be perused for the draft
conference programme for all presentations and details
regarding the specialisations of the keynote presenters.
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all the news fit to print
Stellenbosch University
Report from Stellenbosch Earth Sciences

with joint supervision of honours, MSc and PhD
students). While at Stellenbosch, Ian’s research has
focussed on U-Pb geochronology of a wide variety of
rocks, commonly with a view to constraining tectonic
settings. However, he has strayed from the path, and

There are two staff-related matters to report on in this

carried out collaborative research on things as far

edition. The first is that this will be my last contribution to

removed from pure metamorphic petrology as granitic

the Geobulletin as correspondent for the Department.

batholiths in Namibia, Australia and the Western

As some of you may know, I am retiring at the end

Cape, and silicic ignimbrites and mafic igneous

of this year. I am told that I will receive an emeritus

complexes on the W coast. From February 2019, Ian

appointment and will also have a small office in which

will be taking early retirement and taking up residence

to sit and think and write beautiful petrological thoughts

on Kangaroo Island, in his native South Australia,

(though some, particularly in Australia and North

where he will pursue various interests, foremost among

America, will call them ugly thoughts).

which is bird photography. Anyone who has seen his
beautiful images of birds, both in flight and static, will

The other staff matter is also a retirement. Prof. Ian

know that he has a very high degree of expertise in

Buick joined us in 2008, as our senior metamorphic

this field (see below). The Department wishes Ian all

petrologist (he says – the only metamorphic petrologist).

the best for this new phase in his life. So, all in all, the

In any case, Ian has been a prominent member of the

Stellenbosch department is going to have its Australian

department for the past 10 years, teaching a significant

contingent reduced to a mere third of what it has been

part of our first-year curriculum as well as third-year and

for a decade. Some might suggest that’s a good thing

honours metamorphic petrology, and also taking some

but, as the Poms say, that isn’t cricket. We hope that

student field trips. Ian has an enviable reputation as

this will be the beginning of another rejuvenation for

a clear and precise lecturer who has always received

Stellenbosch as well. Your new correspondent will be

excellent feedback from the students. He has held his

our economic geologist Dr Bjorn Von der Heyden, and

B2 research rating through two cycles and continues

he will introduce himself in the next issue.

to carry out research in collaboration with colleagues
both within the Department and internationally (often
Cape Rockjumper
on Table Mountain
sandstone

18
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parys museum

The Parys museum,
a historic national
monument.

A Proposed Interprative Display of the

Vredefort dome the basis for the world Heritage site,

Vredefort Dome World Heritage Site in the

leave somewhat disillusioned. Among the questions

Historic Parys Museum

more commonly asked by visitors are “Where’s the
hole?” and “Is the Dome open today?”

In 2014, Uwe Reimold wrote a letter to Geobulletin
of

Geo artist Maggie Newman, now a resident of Parys

information available to visitors to the Vredefort Dome

has started an initiative to establish an introductory

world heritage site (Uwe Reimold, June 2014).

geological interpretive centre in the Parys museum. The

regarding,

among

other

issues,

the

dearth

initial meeting was attended by the museum curator,
In 2008, a brand new and extremely costly information

local tour guides, the Parys tourism manager as well

centre was built on a hill close to the village of Vredefort,

as Andries Botha, chairman of the Egoli Branch of the

but before it could be opened to the public, it was

Geological Society and Morris Viljoen.

declared unsafe due to poor construction. Since then,
no attempt has been made to re-build the centre or

The Parys Museum was built in 1904 and served as the

to provide accommodation for the exhibits already in

local Magistrates Court. It is now a National Monument

place. Tours of the region are available from Vredefort

under the auspices of the Ministry of Works. Until

and the nearby tourist hot-spot of Parys, but not all

2010 the museum was run by the Parys Municipality,

visitors can spare the time or have been given the

but since then, no funds have been made available for

incentive to take a lengthy tour. Many tourists come

its upkeep, payment of staff, etc. Consequently, local

to Parys expecting to see a topographic dome and

resident, Iris Andrew, has taken on the daunting task of

without a readily accessible simple interpretation of the

curating, researching and restoring existing material

geobulletin
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and producing interesting displays, including a small

with Maggie Newman to put together information and

geological exhibit -the only one available to the public

display material for exhibits. These will consist of simple

in Parys.Funds for the upkeep of the museum have come

text and colourful illustrations which will be easily

either from her own limited resources or from donations

understood by visitors. A site locality map highlighting

of money or materials and labour from individuals and

some of the important and easily accessible sites will

local businesses. Entry to the museum is free and the

also be displayed. This map will include reference to

donations box for visitors produces approximately

the more detailed geological exhibit in a museum at the

R300 per month.

old mining town of Venterskroon. Unfortunately this is
about 17 kms out of Parys on a gravel road and is not

Despite the crippling lack of funds, the museum has

often visited by tourists.

received three tourism awards - the National Heritage
Golden Shield, the Preferred Heritage Destination

We believe that a facility in the Parys museum will be

Award and, most recently, the Bronze Certificate at the

important to draw attention to the World Heritage

Vaal Explorers Awards in November this year.

Site and will

attract tourists. While supporting the

museum this will assist educating, and encourage
Given both the local and international geological

public interest in geotourism while creating a better

importance of the Vredefort Dome as a World Heritage

awareness of the geoheritage of the Vredefort Dome.

Site, Iris has agreed to arrange for a room to be made
available in the museum to house a bigger, more
comprehensive

geological display highlighting the

dome and the meteorite story. Consequently, a few GSSA
members, the Egoli branch and the museum committee
are volunteering their knowledge and expertise to work
Current geological
display in the Parys
museum with Curator
Iris Andrew.

20
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An easily accessible
granite quarry area with
pseudotachylite breccia
vein in foreground.

Spectacular exposure of
mega-pseudotachylite
breccia in the quarry
with local tour guide
Karen Addison.

geobulletin

DECEMBER 2018

21

medical geology
ARTICLES

Medical Geology
Medical Geology is the study of the effect the geological
setting potentially has on human, animal and plant life.
The most common interaction studied is broadly related
to elements absorbed by plants or dissolved in potable
water and their positive or negative interaction. The
second relates to natural events where there is a usually
a short but intense effect of the environment on the life
in the immediate area. The main areas of interest relates
to the identification and characterisation of natural
and anthropogenic sources of harmful material into
the environment. It aims to predict the movement and
alteration of geochemical or other agents over time and
space and how to minimise the effect or exposure.
The oldest records recognising the environmental effects
on humans date to around 2400 BC by Hippocrates

used by hatters during the Classical period resulted in

and in 300 BC Aristotle established the source and

mercury poisoning and resulted in the manifestation

symptoms of lead poisoning. The use of various minerals

of mental disorders and led to the term: “mad as a

to treat maladies by Alchemists during the Middle Ages

hatter”.

is also recorded in treating The Plague, smallpox and
fever. The addition of minerals to soils for agricultural

The ingestion of toxic trace elements through food

purposes and to increase crop yields and size has

or treatment of food is another source. A well-known

been in practice for around 6000 years.

example is from the Guizhou Province in China where
low grade coal is used in drying of chilli peppers and

22

Humans and livestock need a variety of trace elements

corn, arsenic is released in the smoke and absorbed by

for physical and mental development. The most

the chilli peppers and corn. The coal has been found to

important trace elements are calcium, magnesium, iron,

contain up to 35000 ppm arsenic. The typical symptoms

zinc, selenium and iodine to name a few. Deficiency of

of arsenic poisoning include hyperpigmentation (flushed

some trace elements leads to developmental problems,

appearance, freckles), hyperkeratosis (scaly lesions on

such as skeletal deformation or under development,

the skin, generally concentrated on the hands and feet),

a wide range of immune diseases and even cognitive

Bowen’s disease (dark, horny, pre-cancerous lesions

issues. Excessive amounts of these same trace elements

of the skin), and squamous cell carcinoma. Arsenic

may in turn also lead to some medical conditions,

poisoning via drinking water has also been reported

such as excessive fluorine leading to fluorosis and

and studied in the Jharkhand state of India. Some crops

possible links to kidney stones. Toxic trace elements

are also prone to absorbing heavy metals form the soil

such as chrome, titanium, nickel and cobalt are known

it is cultivated in. The high levels of mercury in some fish

carcinogens, responsible for cancers and several other

species, such as Pacific tuna have been documented

illnesses, mental disorders and even death. Mercury

and affect communities that have a high raw fish diet.
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Medical problems related to mining activities are well

general low intake of fish, is more likely to suffer from

known in South Africa and relate mainly to historic

thyroid problems, such as the development of goitres.

mining practices prior to the introduction of mine health

This led to the mandatory enrichment of table salt with

and safety codes. Lung deceases, such as silicosis,

iodine to curb the problem. On the other hand the more

asbestosis and black lung is prevalent among older

readily availability of table salt has led to an increase

generations of miners. Silicosis is indicated to be the

in hypertension, resulting in more programs to limit the

result of inhaling fine silicate particles, mostly in gold

daily intake of salt in the developed and developing

mines over a prolonged period. Black lung in turn is due

worlds. Food grade salt is also highly regulated in

to the prolonged exposure and inhalation of fine coal

terms quality and subject to SANS standards in South

dust. Asbestosis can be contracted by miners but also

Africa to mention one example. Another example is

by communities that lived in the vicinity of abandoned

the addition of fluorine to drinking water. Fluorine is

asbestos dumps. There has been huge strides made

added to drinking water to minimise the development

in remedial and rehabilitation of these dumps and the

of dental caries and starve off osteoporosis.

ARTICLES
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mining of asbestos have been completed halted in
most parts of the World. Radon has also been linked

There is also a medical condition called Geophagy,

to some lung cancers, but studies have not been able

defined as the voluntary consumption of earth materials,

to find an empirical connection. Uranium in natural

mostly clays or soils as a result of some nutritional

occurrence has very little effect and forms part of the

deficiency. The most common is the consumption of

natural background radiation. However, once mined

termite mounds as part of some African meals. There

and concentrated in tailings the fine dust increases the

is however some proven medical value, such as small

concentration inhaled and may affect kidney, brain,

amounts of kaolinite clay for stomach ailments and

liver and heart systems. Artisanal miners making use

is even included in commercial anti-diarrheal oral

of mercury amalgamation is also exposed to mercury

treatments. There are also a number of superstitions

fumes.

surrounding the use of fossils and crystals. There have
been reports of fossils being ground up and used by

Fine residue dumps and tailings dumps with high

traditional healers for a variety of ailments. Alternative

sulphide content has been linked to Acid Mine Drainage

health practitioners have also in the last couple

(AMD) that affect ground- and surface water. Millions

of decades used crystals at part of their treatment

have been spent in treatment and remedial actions of

regimen.

areas that have been affect by AMD. The potential use
of fracking in the Karoo has also led to concerns as to

Living in the vicinity of a volcano has both direct and

the effect it will have on the groundwater quality and

indirect impacts. The obvious impact is during the

potential effect of humans and livestock. In most cases

active period is exposure to toxic gases, most notably

a baseline study of ailments that affect a community is

suffocation due to carbon dioxide and ash. The volcanic

performed. This would in theory give an indication of

soils are rich and very attractive from an agricultural

any increases in certain deceases or conditions, also

perspective, but long term exposure to volcanic

referred to as a cluster, in a particular area that could

soils may lead to conditions such as podoconiosis,

be linked to mining or related activities.

a disease that is linked to the absorption of alkaline
certain elements by microphages in the lower limb

The use and quality of food grade salt is the best known

thereby causing endothelial swelling, that is prevalent

example of how government and health authorities

in the volcanic areas of Africa where the population

have recognised the effects of what is essentially

walk mostly bare foot.

medical geology. It has long been recognised that
communities that life far from the sea and have a

The University of Johannesburg is currently the leading
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centre of research in the field of medical geology in

to agricultural and information sciences. In November

Africa. The post-graduate medical geology program

2018, the department hosted the second African

has produced a number of dissertations of the last

medical geology symposium that consisted of a two

couple of years on various topics. Most of the projects

day workshop and a one day symposium featuring

are sponsored by the NRF and have attracted a

international speakers, local researchers, independent

number of international students and a similar number

consultants and a significant number of the current

of international co-supervisors. The research topic

post-graduate students.

range from mining related conditions to natural
hazard impacts on the health of local communities and

Nicolaas C. Steenkamp

agricultural to traditional practices. As such, there is

Independent Consultant

close inter-department cooperation, from the medical

e-mail: ncs.contract@gmail.com

first platinum mine
Transvaal Platinum Limited –

Consolidated Land and Exploration Company Ltd

The Waterberg’s first platinum mine

(MacDonald and Tredoux, 2005). Development of
the mine took off and by December 1923, 145 m of

The 1920’s was a boom era in South Africa for the

underground development had taken place by means

discovery of platinum minerals. The well-known

of winzes sunk into the vein outcrop and 2270 m of

discovery of platinum nuggets in the Maandagshoek

surface trenching along strike (MacDonald and Tredoux,

area of the Eastern Limb of the Bushveld Complex in

2005) most of which are still visible today (Figure 1).

1924 by Dr Hans Merensky, followed by the discovery

By the end of April 1924 the operations had yielded

of the Western Limb in 1925. Although platinum

about 1762 t of ore with an average grade estimated

mineralisation was known in the Rustenburg area as

at 10·7 dwt (pennyweights) per ton (equivalent to 16·4

early as 1908, it was deemed insignificant by the then

g/t) (MacDonald and Tredoux, 2005). From the start,

South African Geological Survey. Lesser known is the

the erratic grades from the veins were problematic, but

discovery of the Waterberg platinum deposit in 1923,

did not deter the development of the operation.

outside the town of Naboomspruit. The Waterberg
deposit was discovered in June 1923 by the prospector

In January 1925, Transvaal Platinum’s Board accepted

Adolph Erasmus.

the recommendation of the Consulting Engineer to
construct a processing plant capable of treating up to

24
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1000 t of ore per month. The plan included two main

The Waterberg deposit is located some 15 km west

shafts; one to serve the Main Lode and another to serve

of Naboomspruit in the Limpopo Province of South

the Branch Lode. Ore from the shafts would be loaded

Africa. At the time of its discovery in 1923, it was

into trucks and taken via two elevated tramming lines

the first platinum deposit considered to be viable of

to the crushing plant (MacDonald and Tredoux, 2005).

economically extracting. In July of the same year,

The V-shaped waste dumps that supported the tracks

Transvaal Platinum Ltd was formed and registered in

were left in place after the mine closed. These are

the Orange Free State. Mineral rights on the two farms

the most striking remnants at surface today for former

were the deposit is present were owned by different

mining activity (Figure 1). In an effort to deal with the

corporations; namely the South African Townships,

high, but erratic grade, two face samples were taken

Mining & Finance Corporation Ltd and the Transvaal

for assay every 2 ft of development, this sampling
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program indicated grade along 895 m of both lodes.

plant during June and by August the recovery increase

Ore was also removed from open pits by dividing the

to 49·72% and 74·5 oz were produced from 491 t

vein outcrop into 2-ft or 4-ft wide squares and assaying

with an estimated average head grade of 6·1 dwt/t

chip samples from each square. Squares that gave

(9·33 g/t) (MacDonald and Tredoux, 2005). Failure

platinum values were blasted with dynamite down to a

to intersect more high grade material to feed, led to

depth of 18 inches and sent to the ore dump. Squares

milling formally being suspended in September. In total

without apparent value were blasted out and sent to

the final production was estimated at 386 troy ounces

the waste dump (MacDonald and Tredoux, 2005). By

of platinum from 3956 t ore that had had an estimated

the end of June 1925, reserves in surface dumps were

average head grade of 5·02 dwt/t (7·74 g/t). The

reported as 7359 t with an overall grade estimated at

average recovery over that tonnage was estimated

10·3 dwt/t (17·65 g/t).

at 38·8%, equivalent to 1·95 dwt/t (2·98 g/t) of ore
milled (MacDonald and Tredoux, 2005).

By January of 1926, the fortunes of the mine took a turn
for the worse. The crushing plant was not completed,

Finally in March of 1927, it was announced that

working capital was nearly exhausted and Transvaal

Transvaal Platinum Ltd was to put a resolution to

Platinum Ltd was forced to arrange bridging finance in

liquidate before shareholders.21 and on 29 April,

the form of a mortgage from its leading shareholders

the necessary resolutions were passed, bringing the

(MacDonald and Tredoux, 2005). Milling only started

Waterberg platinum mining operations to an end

on 15 March and was intermittent through April, while

(MacDonald and Tredoux, 2005). There has been no

the share price fell by half. Between mid-March and

effort to revive the mine in the last 90 years nor has any

the end of April, the plant -processed almost 1200 t

serious exploration been conducted of the deposit. The

of ore but recovered concentrate estimated to contain

historic mine site remains fairly undisturbed, but is not

only 89 oz of platinum and other metals. It was found

accessible to the general public.

that the ore dilution was much higher than expected
and the estimated recovery was only 33·9% by May

Geological Setting

of 1926. Emergency improvements were done to the

The Waterberg deposit is a PGE-dominant (Pt+Pd

geobulletin

DECEMBER 2018

25

ARTICLES

> Au) hydrothermal deposit. The deposit is a quartz

Acknowledgement

vein that dips south-east at 70–85° and occupies a

This article forms part of a study of late stage intrusive

fault between folded 2·05 Ga Rooiberg felsites and

and related activity in the larger Nylstroom area and

horizontally bedded Jurassic sandstones (MacDonald

is partially supported by the Kent Trust Fund of the

and Tredoux, 2005). The fault that hosts the vein is

GSSA.

relatively young and parallels the larger Welgevonden
Fault (MacDonald and Tredoux, 2005).
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concentrations of Pt, Pd, and Au (MacDonald et al.,
1995). This event generated extensive replacement of
feldspar in the wall rocks (MacDonald et al., 1999).

thermal remote sensing
Thermal remote sensing for mineral and

to boost global investment in local exploration has

hydrocarbon exploration

generated a fair amount of heat in local exploration
circles. Whether this will divert attention from issues in

Neil Pendock

the mining charter, the more likely reason SA attracts

Dirt Exploration

less than 1% of global exploration spend, remains to

Cape Town

be seen. But before Tito Mboweni pulls out the national

neil.pendock@gmail.com

cheque book and mobilizes the drill rigs, it’s worth
considering what can be achieved with free data.

The news that Mineral Resources Minister Gwede
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Mantashe plans to spend R20-billion over 10 years on

Such as using signal-to-noise ratio measurements

an integrated multi-disciplinary mapping programme

recorded by Global Navigation Satellite Systems to map
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soil moisture for hard pressed farmers [1]. Or satellite

map aquifers in West Australia as you will find out if

synthetic aperture radar to monitor leaks in municipal

you download a pair of Aster images over Kalgoorlie.

imagery to explore for minerals under vegetation or

Oilmen use gravity to find a likely source of

transported cover [3]. In the case of hydrocarbons,

hydrocarbons, called the kitchen. And as they say in

even deposits buried hundreds of metres beneath the

the movies, if you can’t stand the heat, get out of the

surface are detectable.

kitchen.

Free imagery for thermal mapping is collected by the

2) Mineral alteration

Japanese Aster satellite. It was launched in December

The rocks above a hydrocarbon deposit may be altered

1999 and is still operating well beyond design

by a so called “chimney effect”. No natural reservoir has

specifications. It is a wonderful piece of engineering.

a perfect seal and migration of hydrocarbons towards

Thermal reflectance is measured in five wavebands at

the surface can lead to the development of oxidation-

90 m spatial resolution. There is an online database of

reduction zones and mineralogic changes such as

many millions of images, so there are cloudfree scenes

the formation of calcite, pyrite, uranium, elemental

galore over most areas with the exception of Guyana

sulphur, and magnetic iron oxides and sulphides as

and Jamaica.

well as the alteration of clays. This alteration typically

ARTICLES

water reticulation systems [2]. Or using satellite thermal

forms mineral halos which can be mapped using the
So how can a satellite orbiting at 705 km above the

five bands of Aster emittance data which can map

earth detect buried hydrocarbons? There are four main

particular minerals present, even beneath moderate

factors.

vegetation and transported cover.

1) A proxy for gravity

Multispectral thermal imagery can be used to map

A decade ago, the author spent several months in

suitable lithologies for hydrocarbon exploration. Such

Carajas in the heart of the Amazon jungle, processing

as the Otavi Group carbonates in the Owambo basin

airborne gravity gradient data for that Brazilian mining

of northern Namibia and southern Angola. The closest

company Anglo American very nearly bought. The

match to the observed Aster thermal signature in a

idea was that compact hematite would have a gravity

library of mineral spectra measured in a laboratory

response so different to other rocks that changes in

is aragonite and the spatial correlation of these

the gravity field could be measured from an aircraft

carbonate abundances to a soil gas map from 1993

bouncing around in the thermals above trees many tens

are very convincing [4].

of metres tall. Of course aircraft turbulence is a gravity
acceleration several orders of magnitude larger than

3) Direct detection of methane seeps

rock density responses, so perhaps a better mousetrap

Fugitive methane emissions can be directly detected as

would have been to measure temperature differences

methane gas has distinctive absorption features which

over the jungle.

can be detected by an airborne or spaceborne thermal
camera. Using a thermal spectrum of methane measured

At night, dense rocks would cool down more slowly

in a laboratory, the Hwange coalfield in Zimbabwe

than lighter ones while during the day, they would

is neatly mapped. There is obvious application to

heat up more slowly. So measuring thermal inertia

the coalfields of the highveld for mapping coalbed

by subtracting daytime and nighttime temperature

methane potential.

measurements sounds like a plan. Aster collects images
by day and night so by fitting a black body to each

4) Oil as a thermal insulator

90 m pixel, high resolution thermal inertia images are

American oilman Lloyd Fons was awarded a patent in

possible. Which may be of interest to explorers in the

June 1996 that relied on the physical observation that

Northern Cape. For renewable resources, it can also

a charged reservoir acts as a thermal insulator to heat
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Otavi Group in blue,
squares, triangles
and circles denote
hydrocarbons

Seismic surveys are the
dotted black lines

Aster visible image of
Hwange with methane
on a temperature scale
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flow from the mantle and thus temperature differences

temperatures, and therefore are more likely to have oil

are a hydrocarbon target generator.

or gas deposits beneath them.”

As the patent records “the earth’s surface temperature

Comparison of a daytime and nighttime Aster

at selected points within a location is compared to

temperature image over the Kern River oil field in the

the earth’s surface temperature at a plurality of points

San Joaquin Valley, California, confirms a temperature

in the surrounding geographic area to determine

difference of 1° is measurable.

ARTICLES
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locations having anomalously low surface temperatures
which are indicative of the presence of oil or gas

Coriole-Afgoye Basin, Somalia

deposits. Representative earth surface temperatures

As an example of using satellite thermal imagery to

for all locations under consideration and reference

prospect for oil, we consider the Coriole-Afgoye

temperatures in the geographic area are obtained,

Basin, the closest hydrocarbon deposit to Mogadishu.

under similar ambient conditions, at points having

Somalia is very prospective for hydrocarbons but is

similar topography, vegetative cover and surface

relatively underexplored on account of the turbulent

features for minimizing extraneous factors which affect

political situation over the past several decades.

earth surface temperature, such that the earth surface

Italy, the former colonial power, conducted extensive

temperatures may all be compared with each other

exploration programs in the 1950s and 60s and nearly

to determine locations which have low earth surface

70 wells have been drilled over the past six decades.

Somalia is an
underexplored oil play

/Continued on pp 32
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Some of the oil wells
drilled in Somalia

Focusing on particular wells confirms the Fons local

bearing shales can be inferred too. But thermal battles

temperature minimum as well as the presence of

to get traction as a serious hydrocarbon exploration

methane gas.

tool and once again, four factors can be identified.
1) Seismic envy

So why are we not compiling a thermal

Seismic surveys have been very successful in identifying

database for the Karoo?

hydrocarbon deposits and other techniques struggle to

Certainly the dolerites have a distinctive thermal

compete. Of course the suggestion is not to replace

signature which can be mapped [3] and potential oil

seismics but to rather focus expensive seismic surveys

Two wells are
temperature lows and
methane emission
maxima
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Methane still seeping
out of wells drilled in the
1960s

on more attractive lithologies. Besides Aster does not

from the mantle some time ago. Or those millions of

scare the sheep.

tons of copper oxidizing quietly in the DRC, Zambia
and the Northern Cape.

2) Too cheap
At around US$1/Km2, thermal interpretations are
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summer beach reading
For your enjoyment of your leisure time during the

of exposures to visit and their context with maps,

festive season, the members of the GSSA Management

photos and landsat images.

Committee put together lists of their favourite books,
more or less earth science related. In no particular
order:

4. Meteorite Impact (Springer 2009) W U Reimold and
R L Gibson, everything you ever wanted to know
about the Vredefort event.

GSSA MANCO And Book Reviewer
Recommended Summer Beach Reading List.

5. Eruptions that Shook the World (Cambridge Univ
Press 2011) Clive Oppenheimer A useful collection

Craig Smith

of notable volcanic events.

1. “Caesar’s Last Breath” by Sam Kean (Penguin, 2017)
– the story of the earth’s atmosphere.
2. “Large

Igneous

Provinces”

by

Richard

6. Apocalypse (Cassell 1999) Bill Mc Guire from the
leader in geo hazard analysis , four geo hazard

Ernst

(Cambridge Press, 2014) – the story of LIPs aimed at

events that could change the world and civilisation
as we know it!

professional geologists.
3. “The Men Who United the States” by Simon

Ed Swindell

Winchester (Harper Collins, 2013) – tales about the
mapping of the United States.
4. “Climate Change – What Everyone Needs to know”
by Joseph Romm (Oxford Press, 2nd edition 2018)
– the denialists will not be amused…..

1. Compton John S, (2016), Human Origins, How diet,
climate and landscape shaped us. – my current
read, - very well illustrated.
2. Gibson Rex, (2012), Battlefields of Gold, How

5. “50 Must See Geological Sites in South Africa” by

Goldfields fought for survival and won. – A dramatic

Gavin Whitfield (Struik Nature, 2015) – essential

expose of some mining history very close to home

reading for anyone interested in geology in SA

for some of us.

6. The Amended Mining Charter (DMR).

3. Meredith Martin ( 2007), Diamonds, Gold and

Mike Lain

4. Dovers S, Edgecombe R, and Guest B, (editors),

War, The Making of South Africa. – Lest we forget
(2002) South Africa’s Environmental History Cases
1. The Rise and Fall of the Dinosaurs (Macmillan

& Comparisons – Many field geologists who were

2018) by Steve Brusette, latest thinking on the

aware of their surroundings will get why I included

origins,success traits and ultimate extinction event of

this one.

the Dinos.

5. Eales Hugh, (2007), Riddles in Stone, Controversies,
Theories and Myths about Southern Africa’s

2. Krakatoa (Penguin) Simon Winchester, filling out

Geological past. – Hugh reminds us of many of

the story of the eruption with the full geo-political

the basics including that “consensus amongst the

landscape. Could also have put in “The Crack at the

majority at any given time is not proof of anything

Edge of the World” also by this author on the San

in the Earth Sciences” and that “the dogma of today

Fransisco Earthquake.

may well prove to be the heresy of tomorrow”.
6. Plimer I, (2009), Heaven and Earth, global warming

3. Geological Adventures in the Fairest Cape (CGS

the missing science, - A reminder that science has a

2018) John Rogers. A wonderful compendium

long way to go and healthy scientific scepticism is
not denialism.
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7. Berkman DA, (2001), Field Geologists Manual,

6. Moving away from geoscience; Richard Dawkins:

AusIMM Monograph 4, - I still use this basic

The Greatest Show on Earth; the evidence for

reference, one of my best buys ever.

evolution. Requires focus but well worth the effort.

Tania Marshall
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7. and for something completely different Neal
Bascomb: The Perfect Mile the story of three athletes

1. Top of my list and all-time favourite: The Glamour

with one goal; to break the four minute barrier.

of Prospecting by F C Cornell, 1986 David Philip

When sport was about hard work and ideals rather

Cape Town (first published 1920 by T Fisher

than dollars.

Unwin, London). The wanderings of a South African
prospector in search of copper, gold, emeralds and

Genevieve Pearson

diamonds. Others:
2. Platinum, gold and diamonds by E W Machens,
2009, Protea Book House, Pretoria – the adventure

I concur with 3 suggestions already tabled:
1) Digging Deep by Jade Davenport (Jonathan Ball

of Hans Merensky’s discoveries.

Publishers 2013)– a history of mining in South
Africa

3. King of Sea Diamonds by Roger Williams 1996,W
J Flesch & Partners, Cape Town. The saga of Sam

2)

50 Must See Geological Sites in South Africa, by

Collins, a Texan oilman who discovered diamonds

Gavin Whitfield (Struik Nature 2015) – essential

on the Namaqualand West Coast.

reading for anyone interested in geology in SA

4. Digging Deep by Jade Davenport, 2013, Jonathan
Ball Publishers, Johannesburg – a history of mining

3) Meteorite Impact! (Springer 2009) W U Reimold
and R L Gibson - Vredefort event

in South Africa.
5. A history of Copper mining in Namqualand (1846-

and

1931) by J M Smallberger,1975. C Struik, Cape
1) Africa’s Top Geological Sites (Struik 2016) - (you all

Town.

know this one!).
Steve McCourt

2) Hunting Dinosaurs – on the Trail of Prehistoric
Monsters by Louie Psihoyos (Cassel 1994)– brief

1. Like Mike I am a fan of Simon Winchester and

history of discovering dinosaurs.

would also include Krakatoa, The Day the World

3) Diamonds, Gold & War- The Making of South

Exploded on my reading list; in fact it would serve

Africa by Martin Meredith (Pocket Books 2007)–

as a useful set text for an undergraduate course on

history of South Africa and how Diamonds & gold

subduction tectonics.

shaped it and the modern world.
4) Longitude by Dava Sobel (Fourth Estate 1998)–

2. also Simon Winchester: The Map That Changed

About the genius who developed the meridian

The World: the story of William “Strata” Smith and

system for mapping and navigation in 18th Century

the birth of modern geology.

(for shipping really and using astronomy, but
paramount for geological endeavours).

3. Bill Bryson: A Short History of Nearly Everything
which I think the Dept. of Basic Education should
consider as a set text.
4. Nick Norman Geology off the beaten track which
for me trumps both Geological Journeys and Gavin
Whitfield’s 50 Must-see Geological Sites.
5. Terence

McCarthy:

How

on

Earth?

My

granddaughter has a copy!
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book review
Geology of National Parks of Central/
Southern Kenya and Northern Tanzania.
Geotourism of the Gregory Rift Valley, Active Volcanism
and Regional Plateaus.
Author: Roger N. Scoon
The men were all huddled around the small shortwave
radio, straining ears to hear and hearts to will, when
Joel Stransky executed that most famous drop goal. We
were in a tented camp in the Serengeti National Park
on the fifth day of a Mineral Society field excursion in
northern Tanzania, ably led by Roger Scoon (aka the
Geotraveller).
Scoon’s interest in this part of Africa was first sparked
in 1980 when he ascended Kilimanjaro. The 1995 field
excursion further kindled that interest, and a further

An initial frustration at the lack of easily accessible

dozen visits to the area culminated in Scoon once

information on the geology of the region and of the

again leading a field excursion to the national parks

numerous game parks and conservation areas in

of northern Tanzania as part of the 35th International

particular, fueled his desire to publish this book. There

Geological Congress hosted in Cape Town in 2016.

are well over 200 papers, books and maps referenced

The Northern Ice Field
on the summit plateau
of Kibo, Kilimanjaro.
Photograph courtesy of
Douglas Hardy, University
of Massachusetts
Geosciences (2012)
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in this work, and the quality and clarity of all of the

landforms of the area and the wide diversity of

maps are noteworthy. In addition, there are 60 colour

associated fauna and flora, which include some of

plates, most of which were taken by the author during

the largest concentrations of wildlife remaining on

excursions to the area spanning 36 years. An extensive

Earth. In a relatively restricted latitude band of within

glossary is included at the back of the book, together with

3 degrees of the equator, elevation differences lead to

a comprehensive index. I initially found myself googling

temperature differences of more than 50°C, and this in

the odd term that I was unsure of, but quickly realised

turn results in diverse biomes, from dry, hot, desert-like

that these terms were all included in the glossary.

areas to savannah grasslands, to montane forests and
freestanding ice-capped mountains.

The main theme of the book is the extraordinary
interrelationships between the geology and spectacular

The geological framework of East Africa, and the East
Shaded digital elevation
model showing the
principal physiological
features of the region,
and highlighting the
extreme differences in
elevation. Image curtesy
of Oliver Burdekin,
burdGIS.
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African rift system, and the Gregory Rift valley, are

For most southern African geologists, active volcanism

introduced and explained and discussed early on in

is something that we are rather unfamiliar with, and the

part I of the book. This section is especially useful for

notion of such an active rift-volcanic terrane is novel

non-geologists to set the scene and backdrop to the

to our geological experience, which tends to have

region, including a discussion on rifting, volcanism,

been acquired by the study of primarily old rocks, in

and associated tectonic responses to this this kind of

geologically stable environments.

active rifting/volcanic terrain.
Part II of the book goes on to discuss recent sedimentary
The area is described as one of vast highland plateaus,

basins within the area, examples of which include the

dissected by the Gregory Rift, which forms a relatively

sediments at Oldupai Gorge, which famously host

narrow graben or valley. The Gregory Rift is a relatively

Hominin fossils that include Homo habilis as well as

recent branch of the East African rift system, and is

Homo erectus. These palaeoanthropological sites

associated with one of the largest active volcanic

are well described and fully discussed in chapter 11,

provinces on Earth. The magmas are generally alkaline,

devoted to this topic.

and the volcanism is mostly of highly explosive Plinianstyle eruptions, as demonstrated in the book by lucid

Rift valley lakes are briefly described in this section,

descriptions of the development of the Ngorogoro

and an explanation is offered as to the high levels

caldera, and Mount Meru in particular.

of alkalinity. Upwarping of the rift edges results in
drainage away from the Gregory rift, and high levels

Part II of the book deals in more detail with the regional

of evapouration in the rift valley, as well as alkaline

geology, and provides useful background to the

volcanics, accounts for the extreme alkalinity of many

underlying basement complexes, the regional plateaus,

of these lakes, with some registering pH levels of 12.

the Gregory rift and rift-related volcanism. Volcanism
in the area is compositionally subdivided into three

Part II ends with a chapter on the late Pleistocene Ice

distinct groups based on total alkali vs silica (TAS)

Ages and the Holocene Epoch. I found this chapter

diagrams, and Scoon takes us through the distribution

particularly interesting, firstly due to vigorous current

of these volcanic types in relation to age and position

debate on anthropological climate change, and

within the rift complex.

secondly because I realised that there are at least
nine active and 11 dormant volcanoes proximal to or

View of the soda ash
works on the eastern
shore of lake Magadi,
southern Kenya.
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within the Gregory Rift. The active volcanoes have all

scoured-out landscape littered with debris avalanche

erupted within the past 200 years, the most recent

materials, often with house-sized individual blocks. The

eruption being that of Oldoinya Lengai, which last

area today is well-vegetated, and characterised by

erupted in 2013.

small lakes in scoured depressions, interspersed with

BOOK REVIEW

disparate piles of debris. Tourists currently traverse
the area, totally oblivious of the event in the very
(geologically) recent past, eyes straining to spot game
as they move across a landscape that was once all
about game over for anything in the path.
A useful feature of the book is that it provides brief
descriptions of some of the hikes, climbs or treks that
The summit crater of Oldoinyo Lengai prior to the 2008
eruption.

are available in about half a dozen of the parks, all
with personal tips of how best to plan and undertake
them, as well as the time required in each case.

The final two-thirds of the book (Part III) provides more
detailed descriptions of individual national parks and

For anyone planning a visit to this part of Africa, the

conservation areas, which are sometimes grouped

whole experience will be enriched by having this book

together. The first third of the book painted the

as your travel guide/companion. For those not planning

backdrop and it now dives into more local detail. Did

on a visit, perhaps this book will change your mind.

you know that the migrations on the Serengeti Plains
are largely driven by the seasonal appearance of

I now realise that we were not simply in a tented camp

nutrient-rich short grasses? These thrive in the eastern

in the Serengeti when Stransky kicked his winner;

areas of the plains that are subject to ash fallout from

we were in a tented camp in the Serengeti that was

the volcano Oldoinyo Lengai. How about giant strato-

underlain by volcanic ashes from Oldoinyo Lengai that

volcano mountains, such as Kilimanjaro, acting as

provided nutrients for seasonal grasses that dictated

water reservoirs with massive hydraulic heads? These

the migrations that we had come to witness, which we

feed springs in adjacent and otherwise dry plains, and

could hear gnu-ing in the background as we eventually

thus help sustain wildlife.

turned in for the night.

I found myself unable to read more than two or three

The book is hard-covered, ISBN 978-3-319-73784-3, or

pages before firing up Google Earth, and zooming in

available as an eBook, ISBN 978-3-319-73785-0. The

to the area of interest. Most of us were around when

hard cover version retails for

Mount St Helens blew away a large part of the cone,

from Springer International Publishing AG as part of its

and are most likely aware of the devastation this

Springer Nature series. Website: springer.com

€39.99, and is available

caused. I challenge any reader of this book to resist
zooming in on Mount St Helens, and then on Mount

Clyde Mallinson

Meru, in the Arusha National Park, to view the striking

clyde.mallinson@icloud.com

resemblance, and then to appreciate the larger scale
of the Mount Meru eruption event. Close your eyes and
imagine a massive debris avalanche racing eastward
from Meru towards Kilimanjaro, only to be overtaken by
an almost supersonic basal surge, flattening everything
in its path, and leaving behind a trail of destruction: a

Earth Sciences :
Scoon, Roger N.,
geobulletin
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Ajoite from Messina Mine, South Africa

Geology
The copper mineralization is hosted in breccia pipes

Bruce Cairncross

contained within the high-grade Limpopo Belt gneiss

Department of Geology

(Söhnge, 1945; Jacobsen, 1967; Jacobsen et al.,

University of Johannesburg

1976). Interestingly, copper was the only metal

PO Box 524

extracted and the various ore bodies were virtually

Auckland Park 2006

devoid of lead, zinc or other associated metals. The

brucec@uj.ac.za

ore minerals were primarily bornite, chalcocite and
chalcopyrite and these were frequently zoned within

Introduction

individual ore bodies. Intense alteration affected the

The Messina copper mines, (now in the Musina district of

copper mineralization and host rocks were pervasively

the Limpopo Province) operated from 1904 until 1992.

albitised and sericitised, accompanied by the formation

Several shafts were sunk to access the deposits and

of secondary minerals such as zoisite and epidote.

some of these, the Digby, Harper and Campbell shafts,
were named after members of Lt. Colonel J.P. Grenfell

The deposits were characterized by intense brecciation

exploration party who “discovered” the deposits in the

and it was this mechanical fracturing that created

early 20th Century, although all the European workings

the void space that became occupied by large,

were sited on or close to ancient African diggings.

euhedral quartz crystals for which the Messina mines
became famous (Cairncross, 1991). Equally famous are
the secondary suite of blue copper silicate minerals,
notably

papagoite

Cu5(Si2O6)2(OH)2,

CaCu[H3AlSi2O9],
ajoite

shattuckite

(K,Na)Cu7AlSi9O24(OH)6·

3H2O and the extremely rare species cuprorivaite
CaCuSi4O10. One of these, ajoite, is the subject of this
“Mineral Scene”.
Ajoite was a relatively rare mineral from the Messina
mines until July 1985 when a major discovery was
made at the No. 5 shaft. Literally, 44-gallon drums full
of quartz specimens with inclusions of pale blue ajoite
were collected by miners and sold on to dealers. These
specimens were the sensation of the 1986 Tucson Gem
and Mineral Show when South African dealer Rob
Smith exhibited them for the first time. Single crystals
measured up to 25 cm but clusters of blue-tipped
quartz were larger. When the mine closed in 1992,
it was presumed that no new discoveries of ajoite
would not occur, and specimens would only surface
once old collections came on the market. However, this
was not the case. Fifteen years later, in 2007, some of
Quartz included with blue ajoite, filamentous copper, red hematite, pale grey kaolinite,
and hematite variety specularite. Messina No. 5 shaft, South Africa, collected in 1986,
2.4 cm. Bruce Cairncross specimen and photo.
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the finest specimens of ajoite included in quartz were
fortuitously discovered from a surface digging at the
easterly located Artonvilla mine (Cairncross, 2016).

Doubly terminated
quartz included with
ajoite, small, white
kaolinite spheres and
stringers of red and
black hematite. From the
more recent Artonvilla
diggings, South
Africa, 8.9 cm. Ronnie
McKenzie specimen,
Bruce Cairncross photo.

Two of these are shown here. The large specimen

University of the Witwatersrand, Johannesburg, 123

extracted weighed approximately 1,000 kg but was

pp.

subsequently been trimmed into smaller specimens.
Jacobsen, J.B.E., McCarthy, T.S. and Laing, G.J.S.,
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Milos Island,
THE geotraveller
Greece
By Roger N Scoon

Geology and Mining History of Milos Island, Greece:
Bimodal Volcanism and Mineral Resources
Milos is part of the Cycladic archipelago, Greece, a group
of approximately 30 islands located in the Aegean Sea
to the south of the mainland. The Cyclades appeared to
the ancient Greeks as a wheel, or cycle, that encloses
the sacred island of Delos. Milos, together with Santorini
(Thira) are dominated by Neogene volcanic rocks. The
older settlements on Milos, such as Plaka are situated on
volcanic plateaus located above the potential impact of
tsunamis. A tectonic map illustrates the position of Milos
and Santorini relative to the Hellenic Volcanic Arc.
Milos has a long history of mining with exploitation of
obsidian pre-dating the earliest known settlement (5,000
BP) by some 500 years. Deposits of alunite, referred to in
ancient texts were prized for medical usage. Most of the
industrial minerals exploited from Milos are associated
with the hydrothermally-altered volcanic rocks. Active
mining of kaolin, bentonite, and perlite are important
contributors to the economy. The Milos Mining Museum,
located in the main harbour town of Adamas includes
an extensive collection of minerals from the island,
together with details of the mining history. The collection
Simplified tectonic
map of the Eastern
Mediterranean showing
the location of the
Hellenic Volcanic Arc
(dashed blue line) and
volcanic centres.

View over the Bay of Adamas looking east towards the plateau of Lower-Middle Pleistocene volcanics on which the town of Plaka
is located. Small hills at Plaka are associated with lava domes. The harbour town of Adamas (centre right) and the north-eastern
coastline (upper right) also visible.
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Google Earth image
reveals the hourglass
shape of the island of
Milos. The principal
towns are Adamas and
Plaka. The two most
recent volcanic centres,
Trachilas and Fyriplaka
are readily identified, as
are the barren volcanic
landscapes of the
western and eastern
parts of the island.
Quarries (white) for
production of bentonite,
kaolin, and perlite are
dotted over large parts of
the island.

of stone tools carved from obsidian flakes may be

cessation of volcanism i.e. cooling and contraction of the

unsurpassed. Details of recently constructed Geo Walks

crust (Higgins and Higgins, 1996).

can be obtained here (Miloterranean Geo Walks, 2012).
Google Earth image illustrates the unusual, hour-glass

Milos was the primary source of obsidian for tools and

shape of Milos which can be assumed to have developed

weapons used by Palaeolithic cultures in the Eastern

from accretion of discrete volcanic centres. Volcanic

Mediterranean. Melian obsidian has been unearthed in

terrains, the youngest of which are dormant rather than

archaeological sites in mainland Greece, with estimated

extinct can be observed on this image as barren, upland

dates as old as 7,000 BC (Mesolithic). The earliest

landscapes.

settlements on Milos were established to exploit deposits
such as those at Fyriplaka and Nychia. During the10thC

Historical evidence has demonstrated the indented

BC, Dorian Greeks established the capitol at Plaka, inland

coastline of Milos (there is only one area where a raised

from the harbour town of Adamas. Obsidian continued

beach correlates with sea-level rises during the Holocene),

to be an important commodity during the Early Bronze

indicates the island is subsiding. Subsidence of as much

Age as a far sharper edge could be obtained than from

as 7 m has been estimated from historical sites i.e. during

working metal.

the past 3,000 years. Subsidence may be related to the
The regional geology of the Cyclades is dominated by
metamorphic rocks, the south-eastward continuation of
the Pelagonian zone of mainland Greece (Robertson and
Mountrakis, 2006). This terrain is sandwiched between
the Menderes massif (east) and the Pindos and Parnassus
zones (west). Boundaries are thrusts associated with the
Alpine orogeny. Some islands reveal fragments of Late
Proterozoic basement on which Mesozoic sediments
with subordinate volcanics occur. The basement
(green schist, marble) is exposed in one area on Milos.
Spoil heaps of obsidian derived from Stone Age workings on
Milos, such as these at Nychia are remarkably extensive.
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Geological map of Milos
simplified from Fytikas
(1986b) and Higgins
and Higgins (1996).
Specific geosites and
mining sites are referred
to in the text.

Mesozoic limestones are not preserved on Milos. The

most settlements are located outside of these areas.

Neogene volcanics overlie Late Miocene-Early Pliocene

Active tectonism in the region has been described from a

conglomerates (with minor limestone) in some areas.

detailed study of the Columbo Seamount, near Santorini
(Sakellariou et al., 2010).

Hellenic Volcanic Arc, a major arcuate feature of the

48

Eastern Mediterranean, is ascribed to subduction of

Details of the volcanic sequences at Milos are summarised

the African Plate beneath the Aegean and Hellenic

from Fytikas et al. (1986a; 1986b; 1990). Thick beds of

microplates (Le Pichon and Angelier, 1979). The collision

Pliocene submarine pyroclastics (“basal pyroclastics”),

is relatively rapid (estimated at 5 mm/yr) Africa).

with an age of 3.5-3.1 Ma, occur in the southwestern

This complex geodynamic structure has arisen due to

part of the island, including the highest peak of Profitis

the unusual assembly of microplates and southward

Ilias (748 m). They are capped by andesitic pillow lavas.

expansion of the Aegean. Active volcanoes occur on the

Upper Pliocene subaerial volcanism, dated at 2.5 Ma,

Greek mainland, in the Methane peninsula, as well as on

and dominated by andesite and dacite lava domes, flows,

islands near Turkey. Volcanism on Milos commenced at

and ashes cover the older activity in the northwestern

approximately 3.5 Ma, and persisted through the Pliocene

part of Milos. During the Early Pleistocene volcanism

and Pleistocene (Fytikas et al., 1976). Milos is cut by two

switched to the eastern part of the island, with eruption

grabens, both of which may be active as evidenced by

of pyroclastics followed by formation of rhyolite domes,

minor fumarolic activity and hot springs. The larger of

submarine andesitic flows, and extensive pyroclastics.

the two grabens is aligned NW-SE and correlates with

These rocks have an age of 1.7-1.0 Ma. Subsequent

Adamas Bay. The subordinate Zephyria graben is aligned

phreatic activity resulted in explosive craters together

N-S. Rifted areas within the grabens are prone to seismic

with the Green Lahar, or debris avalanche deposit

activity (a significant earthquake occurred in 1992) and

(DAD); the latter covers large parts of eastern Milos. Two
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View looking west from
Trypiti towards the
extinct volcanic cones in
the northwestern part of
Milos and overlooking
the graben associated
with the Bay of Adamas.

volcanic centres developed during the Upper Pleistocene,

populated northwestern part of Milos is covered by

the Trachilas Volcano (0.38 Ma) and the considerably

Geo Walk 1, with traverses of the rugged landscapes

larger Fyriplaka Volcano (0.14-0.09 Ma).

associated with Pliocene volcanics. The andesite lavas
include volcanic bombs partially altered to bentonite. At

The Miloterranean Geo Walks (2016) provide large scale

Cape Vani, a transition to Pleistocene bimodal volcanism

maps with reference to geosites that include volcanic

occurs where dark grey-green andesite is intercalated

outcrops and historical and mining sites. The sparsely

with white, more resistant dacitic domes. The LowerThe cliffs at
Fyropotamos reveal
Lower-Middle
Pleistocene lavas, ashes,
and pyroclastics.
The distinctive white
rocks are subaqueous
pumice beds.
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Lower-Middle
Pleistocene pumice
beds intercalated with
layers of reddish-brown
diatomite (palaeosol)
in road cuttings near
Fyropotamos.

Middle Pleistocene volcanics can be observed a few

northeastern Milos on coastal cliffs. Sarakiniko (a name

kilometres south of Adamas, close to the old harbour of

derived from Saracen pirates) is a locality where the

Kanava (Geo Walk 1). The transition from submarine

white, bare rock pavements and crystal clear waters

pyroclastics to a subaerial source occurs here. Pumice beds

attract large numbers of tourists (Geo Walk 6). The cliffs,

are intercalated with layers of white diatomite; a reddish-

which include caves and arches, are comprised of pumice

brown colour has developed due to leaching of iron and

deposits with graded beds. The extent of the pumice

manganese oxides. Similar sections can be observed near

beds can be observed by continuing east. The pumice is

Fyropotamos, on the northeast coast. Marine organisms,

interbedded with a diatomite deposit (as much as 100 m in

together with fossilized burrows can be identified together

thickness), which in turn is overlain by a DAD with large

with the rounded pumice fragments.

irregular boulders of volcanic and metamorphic rocks.

Middle-Upper Pleistocene volcanics are exposed in

The Papafrangas historical site includes a narrow cleft

The Lower-Middle
Pleistocene white pumice
deposits at Sarakiniko
reveal a barren,
unvegetated coastline.
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Graded beds in the
white pumice deposits at
Sarakiniko are indicative
of multiple, subaqueous
eruptions.

and cave with rock faces consisting of white volcanic

form small inlets and undercuts where small boats are

ash with abundant pumice (Geo Walk 4). Some pumice

stored. These deposits are capped by a DAD (the Green

fragments occur as “bombs” settled in the ash. To the

Lahar) which includes resistant fragments and boulders

east of here, the pumice is overlain by thick beds of

of older lava flows. Where the latter has penetrated the

andesite lava, which can be observed in road cuttings

tuffs, small pedestals capped by resistant boulders of

and cliffs. The andesite reveals columnar jointing, notably

andesite can be observed.

well exposed on the Glaronisia Islet. At Cape Pelekouda,
near Polonia a sequence of bedded pumice tuffs and

The Fyriplaka Volcano is approached from a road leading

tephra, the latter including reworked volcanic material

south from Zephyria with views of the interior of the

can observed. The tuffs at the base of the cliffs erode to

island, scarred by innumerable quarries and spoil heaps,
The cleft and caves
at Papafrangas are
comprised of Lower
Pleistocene white pumice
deposits with clusters of
welded fragments,
or “bombs”.
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Lower-Middle Pleistocene
andesite lavas (dark
grey-green) are overlain
by a thin debris
avalanche deposit east of
Fylakopi.

Cape Pelekouda is
comprised of LowerMiddle Pleistocene lavas
and pyroclastics capped
by a debris avalanche
deposit with large
boulders.

Boulders of resistant
andesite lava
(associated with a DAD)
have penetrated the
softer tuffs, forming
pedestals on the wavecut platform at Cape
Pelekouda.
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Active fumaroles occur
in the crater wall of
the Upper Pleistocene
Fyriplaka Volcano at
Kalamos.

as well as the scarp face of the graben (Geo Walk 3).

Active fumaroles emit vapour at temperatures as high

Zephyria was subjected to numerous earthquakes (1350-

as 1,0000C; the smell of hydrogen sulphide gas is

1750 AD) during part of its history. A second viewpoint

pronounced. Yellow sulphur crystals occur in veinlets

south of Zephyria reveals the crater of the volcano which

and small pockets. Fyriplaka Beach reveals sea cliffs of

has a diameter of 1.7 km and depth of 200 m. Layered

intensely altered rhyolitic pyroclastics. The pyroclastics

pyroclastic deposits comprised of white rhyolite ash with

are overlain by a DAD, far thicker than that observed

distinctive layers that include fragments of perlite can be

in the northeastern part of Milos, with angular boulders

observed. The layered ash deposits dip gently outward

which is prone to landslips.

from the centre of the crater. At Kalamos, the rugged rim
of the crater reveals cliffs of ash and agglomerate, the

The Fylakopi archaeological site, located on the

multi-colours of which attest to hydrothermal alteration.

northeastern coast reveals various Bronze-age settlements
Fyriplaka Beach is rimmed
by multi-coloured cliffs of
hydrothermally altered
Pleistocene pyroclastics
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(oldest ca 3,000 BC), some of which been partially

ions is prevented from achieving an ordered crystalline

destroyed by earthquakes (Geo Walk 4). Fylakopi III,

pattern i.e. due to rapid cooling (Bakken, 1977).

influenced by the Minoan civilizations of Santorini and
Crete was abandoned at 1,100 BC. The principle building

The Milos catacombs, accessed from the village of

stone is dark green andesite lava, sufficiently fissile as to

Trypiti (“full of holes”), are a subterranean complex of

form tabular slabs. The Aghia Kyriaki archaeological site

underground, Christian burial chambers (12thC AD), with

on the south coast of Milos (located west of the headline

a total length of over 200 m (Geo Walk 7). They occur

of Paleochori), which dates from the Late Hellenic and

in Lower Pleistocene pale grey tuffs, friable and poorly

Roman periods (200 BC-200 AD) is developed on high

compacted. Trypiti includes an ancient theatre (3rdC

cliffs comprised of altered Pleistocene pyroclastics. Alunite

BC) carved out of tuff (although lined with imported

and kaolin were exploited here. The east side of the Aghia

marble).

Kyriaki site reveals exposures of green schists (basement).
The site may have been partially destroyed by several

The sulphur mines at Paliorema are reached from rough

tsunamis (a thin deposit of gravel caps some of the cliffs);

tracks east of Zephyria (Geo Walk 3). The mines occur in

some ancient texts refer to events in which the seabed

a deep ravine which accesses the beach. During historical

was abruptly exposed.

times, Milos may have been the largest producer of
sulphur in the Mediterranean, initially being exploited

The Prehistoric obsidian quarries at Nychia (“nails”) are

by the ancient Greeks and then the Romans. The mines

located on the volcanic plateau north of Adamas (Geo

last operated 1928-1958 when 125,000 tonnes of

Walk 7). The workings cover an area of 90 hectares,

sulphur was exported. Mine workings can observed

with small pits, trenches and spoil heaps. The latter are

as developed on veins and fractures in hydrothermally

several metres in height; they contain tens of thousands

altered Pleistocene lavas and ashes.

of tonnes of obsidian waste. The black, glassy obsidian
with conchoidal fractures occurs as nodules up to 15

Milos is the largest source of perlite in the world. Perlite

cm in length (eroded from the volcanic host) together

is a natural volcanic glass, similar in composition to

with small flakes and shards, partially-shaped tools.

obsidian, but is either white or transparent and forms

Archaeological evidence suggests only the first stage of

during subaqueous eruptions. The saccharoidal texture

beneficiation took place on Milos as sharpened objects

(described in Greek as “zaharopetra”, sugar rock) is

could have been damaged during transport. The obsidian

pronounced. Deposits are extracted from quarrying

is associated with Lower Pleistocene flow-banded rhyolite

hydrothermally-altered or weathered sections of mostly

lavas. The banding is an indication of the lower viscosity

Upper Pleistocene rhyolitic pyroclastics. Perlite in the

of the final melt as obsidian forms when the mobility of

granular form has the unique property of expanding in

The obsidian at
Nychia was exploited
from banded rhyolite
flows, observed as low
pavements (with rubble
and flakes) adjacent to
some spoil heaps.
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The sulphur mines at
Paliorema occur in a
narrow ravine on the
east coast of Milos.
The multi-coloured
cliffs reveal intense
hydrothermal alteration
of Pleistocene lavas and
ashes. Sulphur crystals
occur in subvertical
fractures (orange).

volume up to 20 times when heated to temperatures of

derived from Upper Pleistocene rhyolitic pyroclastics

800-9500C, thus its use in lightweight aggregates and

that have been hydrothermally altered. Acidic solutions

insulation boards. Perlite quarries reveal both the extent

associated with vapour fractionated from the rhyolite

and massive nature of the deposits, e.g., Trachilas,

magma were rich in hydrogen sulphide.

Fyriplaka crater, Tsigrado mine.
Polonia was originally developed in conjunction with
Large deposits of kaolin (china clay; possibly the source

mining of barytes (and by-product silver) (Geo Walk 4).

of “Melian Earth” used in antiquity) are quarried from

The area south of Polonia includes extensive bentonite

Milos, including from the Fyriplaka crater. Kaolin is

deposits. The Aggeria mine exploits a deposit measuring
Perlite is exploited from
large quarries, such as
the Trachilas mine.
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2.5 km by 0.7 km on surface. The Pleistocene stratigraphy

4. Fytikas, M., Innocenti, F., Kolios, N., Manetti, P.,

is exposed in benches: pyroclastics are intercalated with

Mazzuoli, R., Poli, G., Rita, F. and Villari, L. (1986b).

thin beds of limestone. The bentonite is derived from

Volcanology and petrology of volcanic products from

hydrothermal alteration of the feldspar and volcanic

the island of Milos and neighbouring islets. Journal

glass found in pyroclastics deposited in shallow marine

of Volcanology and Geothermal Research 28, 297-

environment. The deposits can only be mined during the

317.

dry summer months (due to slipperiness of the clay during
rainy winters) and no explosives are used in the quarries.

5. Fytikas, M., N. Kolios, and G. Vougioukalakis (1990).

Spoil heaps of the Zoulia and Tsantili mines have recently

Post-Minoan volcanic activity of the Santorini volcano:

been reclaimed; the workings cover unusually large areas

Volcanic hazard and risk, forecasting possibilities. In:

as the clay is spread out for drying, and to achieve weight

Thera and the Aegean World III, vol.2, Earth Sciences

loss prior to transportation. This trail includes views of

(Ed. D. A. Hardy), 183–198, Thera Foundation, Essex,

the old Aghia Irini mine, where iron ore was formerly

UK.

exploited. Pliocene submarine tuffs in the northwestern
part of Milos have also been altered to bentonite (Geo

6. Higgins, M.D. and Higgins, R. (1996). A geological

Walk 1), although the deposits are not as extensive as

companion to Greece and the Aegean. Cornell

at Polonia. The latter area accesses the now defunct

University Press, New York, 240 p.

Cape Vani mine, a manganese deposit associated with
hydrothermal alteration of volcanic tuffs. The orange

7. Le Pichon, X. and Angelier, J. (1979). The Hellenic arc

and red altered rocks exposed in the mine site include

and trench system: a key to the neotectonic evolution

manganese minerals such as pyrolusite and manganite.

of the Eastern Mediterranean area. Tectonophysics
60, 1–42.

Salt was produced on Milos for many centuries with the
largest facility located at Alykes to the west of Adamas

8. Miloterranean Geo Walks (2012). 1. Vani (ISBN 978-

closed in 1981 (Geo Walk 2). The salt was collected

960945685-2); 2. Volcano (ISBN 978-960945686-

(from medieval times until closure in 1981), in shallow

9); 3. Sulfur Mines (ISBN 978-960945687-6); 4.

basins through which seawater circulated. This area is

Aggeria (ISBN 978-960945688-3); 6-7. Sarakiniko

located in the Adamas Bay graben; geothermal heat may

and Nychia (ISBN 978-960945690-6). Milos Mining

increase precipitation rates.

Museum.

Photographs are by the author, except where

9. Robertson, A.H.F. and Mountrakis, D. (2006).

referenced.

Tectonic development of the Eastern Mediterranean
region: an introduction. Geological Society of London
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EĂƟŽŶĂů^ĐŝĞŶĐĞŽƵŶĐŝůƐŽĨ^ŽƵƚŚĨƌŝĐĂ͘/ƚǁĂƐ
ĞƐƚĂďůŝƐŚĞĚďǇƚŚĞ'ĞŽƐĐŝĞŶĐĞĐƚ;ϭϬϬŽĨϭϵϵϯͿ
ĂŶĚŝƐƚŚĞŶĂƟŽŶĂůĐƵƐƚŽĚŝĂŶĨŽƌƚŚĞĐŽůůĞĐƟŽŶĂŶĚ
ĐƵƌĂƟŽŶŽĨĂůůŽŶƐŚŽƌĞĂŶĚŽīƐŚŽƌĞŐĞŽƐĐŝĞŶĐĞ
ŝŶĨŽƌŵĂƟŽŶŝŶ^ŽƵƚŚĨƌŝĐĂ͘/ƚŝƐŵĂŶĚĂƚĞĚƚŽ
ŝŶǀĞƐƟŐĂƚĞĂǁŝĚĞƌĂŶŐĞŽĨƐƵƌĨĂĐĞĂŶĚƐƵďƐƵƌĨĂĐĞ͕
ŽŶƐŚŽƌĞĂŶĚŽīƐŚŽƌĞŐĞŽƐĐŝĞŶĐĞŵĂƩĞƌƐ͘
dŚĞƐĞŝŶĐůƵĚĞ͕ďƵƚĂƌĞŶŽƚůŝŵŝƚĞĚƚŽ͕ŐĞŽůŽŐǇ͕
ŐĞŽĐŚĞŵŝƐƚƌǇ͕ŐĞŽƉŚǇƐŝĐƐ͕ĞŶŐŝŶĞĞƌŝŶŐŐĞŽůŽŐǇ͕
ĞĐŽŶŽŵŝĐŐĞŽůŽŐǇ͕ŐĞŽŚĂǌĂƌĚƐĂŶĚŐĞŽŚǇĚƌŽůŽŐǇ͘dŚĞ
ŽƌŐĂŶŝƐĂƟŽŶƉĞƌĨŽƌŵƐƚŚĞƐĞĚƵƟĞƐŵĂŝŶůǇƚŚƌŽƵŐŚ
'ŽǀĞƌŶŵĞŶƚĨƵŶĚƐĂŶĚ͕ƚŽĂůĞƐƐĞƌĞǆƚĞŶƚ͕ƚŚƌŽƵŐŚ
ĐŽůůĂďŽƌĂƟŽŶƐǁŝƚŚƉƌŝǀĂƚĞĂŶĚƉƵďůŝĐŝŶƐƟƚƵƟŽŶƐ͕
ŝŶĐůƵĚŝŶŐŝŶƐƟƚƵƟŽŶƐŽĨŚŝŐŚĞƌĞĚƵĐĂƟŽŶ͘
&ƵƌƚŚĞƌŵŽƌĞ͕ƚŚĞ'^ŝƐĂůƐŽŵĂŶĚĂƚĞĚƚŽƉƌŽǀŝĚĞ
ĨŽƌƚŚĞƉƌŽŵŽƟŽŶŽĨƌĞƐĞĂƌĐŚĂŶĚƚŚĞĞǆƚĞŶƐŝŽŶ
ŽĨŬŶŽǁůĞĚŐĞŝŶƚŚĞĮĞůĚŽĨŐĞŽƐĐŝĞŶĐĞĂƐǁĞůůĂƐ
ƚŚĞƉƌŽǀŝƐŝŽŶŽĨƐƉĞĐŝĂůŝƐĞĚŐĞŽƐĐŝĞŶƟĮĐƐĞƌǀŝĐĞƐ͘/ƚ
ĂŝŵƐƚŽƵƐĞƚŚŝƐŝŶĨŽƌŵĂƟŽŶƚŽĚĞǀĞůŽƉŐĞŽƐĐŝĞŶĐĞ
ƐŽůƵƟŽŶƐƚŽƌĞĂůͲǁŽƌůĚĐŚĂůůĞŶŐĞƐ͘

7KHHURVLYHFROOXYLDOVHGLPHQWVRIWKH3OHLVWRFHQH0DVRWFKHQL
)RUPDWLRQQHDU0WKDWKD

^ŽƵƚŚĨƌŝĐĂŚĂƐĂǁĞĂůƚŚŽĨŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐ
ƚŚĂƚŚĂƐƐƵƉƉŽƌƚĞĚƐŽĐŝŽĞĐŽŶŽŵŝĐĚĞǀĞůŽƉŵĞŶƚ
ŽĨƚŚĞĐŽƵŶƚƌǇŝŶƉƌĞǀŝŽƵƐĚĞĐĂĚĞƐ͘ůƚŚŽƵŐŚ
^ŽƵƚŚĨƌŝĐĂƐƟůůŚĂƐŝŵŵĞŶƐĞƐŽĐŝŽĞĐŽŶŽŵŝĐ
ŝŵďĂůĂŶĐĞƐ͕ŝƚǁŝůůƐƟůůƌĞůǇŽŶƚŚĞǁĞĂůƚŚŽĨŝƚƐ
ŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐƚŽĞŶĂďůĞĨƵƌƚŚĞƌŶĂƟŽŶďƵŝůĚŝŶŐ͘
dŚŝƐƐĂŝĚ͕^ŽƵƚŚĨƌŝĐĂǁŝůůŶĞĞĚƚŽĮŶĚƐƵƐƚĂŝŶĂďůĞ
ǁĂǇƐŽĨŚĂƌŶĞƐƐŝŶŐŝƚƐŶĂƚƵƌĂůƌĞƐŽƵƌĐĞƐƚŽĞŶƐƵƌĞ
ƚŚĂƚŶĞŐĂƟǀĞĞŶǀŝƌŽŶŵĞŶƚĂůĞīĞĐƚƐĂƌĞŶĞŐĂƚĞĚ͘
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KƵƌƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨƚŚĞĐƌŝƟĐĂůďĂůĂŶĐĞďĞƚǁĞĞŶ
ƐƵƐƚĂŝŶĂďůĞŶĂƚƵƌĂůƌĞƐŽƵƌĐĞĚĞǀĞůŽƉŵĞŶƚĂŶĚ
ƚŚĞŶĂƚƵƌĂůĞŶǀŝƌŽŶŵĞŶƚǁĞůŝǀĞŝŶĐŽŵĞƐĂƚĂ
ƟŵĞǁŚĞƌĞǁĞŚĂǀĞĂůŽŶŐƐƚĂŶĚŝŶŐŐĞŽƐĐŝĞŶĐĞ
ŬŶŽǁůĞĚŐĞͲďĂƐĞƚŽďƵŝůĚƵƉŽŶ͘dŚŝƐƐƚĞŵƐĨƌŽŵŵŽƌĞ
ƚŚĂŶϭϬϬǇĞĂƌƐŽĨŐĞŽƐĐŝĞŶĐĞŵĂƉƉŝŶŐĂŶĚĚĂƚĂ
ĐŽůůĞĐƟŽŶƚŚƌŽƵŐŚŽƵƚ^ŽƵƚŚĨƌŝĐĂ͘
dŚĞŽƵŶĐŝůĨŽƌ'ĞŽƐĐŝĞŶĐĞŚĂƐƐƚĂƌƚĞĚĂŶĞǁ
ƉƌŽŐƌĂŵŵĞƚŚĂƚĂŝŵƐƚŽŐĞŶĞƌĂƚĞĨƵŶĚĂŵĞŶƚĂů
ŐĞŽƐĐŝĞŶĐĞĚĂƚĂƚŚĂƚǁŝůůĞŶĂďůĞƐƵƐƚĂŝŶĂďůĞ
ŶĂƚƵƌĂůƌĞƐŽƵƌĐĞĚĞǀĞůŽƉŵĞŶƚŝŶ^ŽƵƚŚĨƌŝĐĂ͘dŚŝƐ
ŵƵůƟĚŝƐĐŝƉůŝŶĂƌǇŵĂƉƉŝŶŐƉƌŽŐƌĂŵŵĞĂŝŵƐƚŽƵƐĞ
ĂŶŝŶƚĞŐƌĂƚĞĚĂƉƉƌŽĂĐŚƚŽƵŶĚĞƌƚĂŬĞŐĞŽƐĐŝĞŶĐĞ
ŵĂƉƉŝŶŐĂĐƌŽƐƐ^ŽƵƚŚĨƌŝĐĂĂŶĚƚŽĚĞǀĞůŽƉĂŶĚ
ƉƵďůŝƐŚϭ͗ϱϬϬϬϬƐĐĂůĞŵƵůƟĚŝƐĐŝƉůŝŶĂƌǇŐĞŽƐĐŝĞŶĐĞ
ŵĂƉƐƚŽƐƵƉƉŽƌƚĞĐŽŶŽŵŝĐŐƌŽǁƚŚ͕ĂŐƌŝĐƵůƚƵƌĂů
ĚĞǀĞůŽƉŵĞŶƚ͕ŝŶĨƌĂƐƚƌƵĐƚƵƌĞĚĞǀĞůŽƉŵĞŶƚĂŶĚ
ĞŶǀŝƌŽŶŵĞŶƚĂůƐƚĞǁĂƌĚƐŚŝƉƚŽĐŽƵŶƚďƵƚĂĨĞǁ͘
dŚĞƐĞŵĂƉƐǁŝůůĐŽŵďŝŶĞŐĞŽůŽŐǇ͕ĞĐŽŶŽŵŝĐŐĞŽůŽŐǇ͕
ŐĞŽĐŚĞŵŝƐƚƌǇ͕ŐĞŽƉŚǇƐŝĐƐĂŶĚƌĞŵŽƚĞƐĞŶƐŝŶŐĂŶĚ
ŚǇĚƌŽŐĞŽůŽŐǇ͘dŚĞƐĞƉƌŝŶĐŝƉůĞƐŽĨŐĞŽƐĐŝĞŶĐĞǁŝůů
ďĞŝŶƚĞŐƌĂƚĞĚƵŶĚĞƌĮǀĞƚŚĞŵĞƐ͗'ĞŽƐĐŝĞŶĐĞĨŽƌ
DŝŶĞƌĂůƐĂŶĚŶĞƌŐǇ͖'ĞŽƐĐŝĞŶĐĞĨŽƌ>ĂŶĚͲƵƐĞĂŶĚ
/ŶĨƌĂƐƚƌƵĐƚƵƌĞ͖'ĞŽƐĐŝĞŶĐĞĨŽƌtĂƚĞƌ͕ŶǀŝƌŽŶŵĞŶƚ
ĂŶĚ,ĞĂůƚŚ͖'ĞŽƐĐŝĞŶĐĞ/ŶŶŽǀĂƟŽŶĂŶĚ'ĞŽƐĐŝĞŶĐĞ
ŝƉůŽŵĂĐǇ͘dŚĞĐŽƌĞŽĨƚŚĞƐĞƚŚĞŵĞƐŚĂǀĞďĞĞŶ
ƉĂƌƟĐƵůĂƌůǇĞŵƉŚĂƐŝƐĞĚǁŝƚŚƌĞŐĂƌĚƚŽƚŚĞĐƵƌƌĞŶƚ
ĐŚĂůůĞŶŐĞƐĨĂĐŝŶŐ^ŽƵƚŚĨƌŝĐĂ͘dŚĞŝŶƚĞŐƌĂƚĞĚ
ŵƵůƟĚŝƐĐŝƉůŝŶĂƌǇŐĞŽƐĐŝĞŶĐĞŵĂƉƉŝŶŐƉƌŽŐƌĂŵŵĞ
ǁŝůůƵůƟŵĂƚĞůǇĐŽǀĞƌƚŚĞĞŶƟƌĞ^ŽƵƚŚĨƌŝĐĂ͘
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