Witwatersrand Gold: where it
originated and why it is important?

Presentation by Dr Linda laccheri
School of Geosciences
University of the Witwatersrand

https://thumbs.dreamstime.
com/b/gold-nugget-map-
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Geology is the history of the Earth, the formation of rocks and minerals.
Reflect on the 2 minerals that you see here:
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GOLD

» Which is more important for your daily life?
» Which one is more expensive?



143.95 USD per ton

; D-if'- iW% GOLD BAR
B sincole

3 991.40 USD per ounce (31 grams)

» Why is gold more valuable?
» Why do we love gold so much?



.... Why do we like gold so much??

. Jewellery

. Money and Financial trade
. Investment

Electronics

In teeth for dentistry

In medicine

. Space technology
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Beautifying buildings (churches), in cosmetics, trophies

and even exotic food

The symbolic meaning =
WEALTH




GOLD = WEALTH

* We love it because we believe it makes us wealthy;
 Solidinvestmentin times of global uncertainty and
wars

» GOLD HUNTERS experience GOLD FEVER

» New discovery of GOLD always attracted attention and
migration of people in search of their luck, GOLD RUSH

» When was the GOLD RUSH that caused the
establishment of EGOLI, the city of gold (Johannesburg)?




History of EGOLI
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In Dec. 1885 George Walker and
George Harrison, who had been in the
goldfields of Australia, sailed into
Durban, and made their way to
Barberton.

Walker went to work on farm
Langlaate and on weekends panned
streams for gold. In June 1886 he
identified a conglomerate and panned
it

Discovered substantial gold, was
awarded a discovery claim, which was
bought by diamond magnates from
Kimberley.



The discovery of gold brought to the foundation of our city in June 1886 (now it
Is a140 years anniversary)
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- Sasz
Tents and huts, Johannesburg in 1886

"Johannesburg around
1890 Ferreira’s camp

Rissik Street




he go

ld in Joburg is hosted in flat lying layers of conglomerates, called Reefs.
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Outcrop of the Main
Reef and Main Reef
Leader
conglomerates at the
Langlaagte Discovery
Site on the Central
Rand Goldfield (see
previous figure for
location (M.J.
Viljoen).



A Conglomerate is a coarse-grained sedimentary rock composed of
rounded clasts cemented together by finer sediments and mineral
cements.




In the conglomeratic reefs, the rounded clasts are quartz and the
cementing fine-grained mineral is pyrite

Where is the gold?



In the conglomeratic reefs, the rounded clasts are quartz and the
cementing fine-grained mineral is pyrite

The gold is inside the pyrite in minute

Where is the gold? quantities (called invisible gold), it
requires processing for extraction




The conglomeratic reefs are a sedimentary rock due to the
accumulation of sediments in a shallow marine ocean
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Underground mine image of
water-cut reef channel
containing gold-bearing
conglomerate and cross-
bedded quartzite in the Middle
Elsburg Composite Reef at
Randfontein estates gold mine.



The conglomeratic reefs are a sedimentary rock due to the accumulation of
detritus in a shallow marine o
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* Which ocean?

* And when did it happen?

* Howold are the rocks in and
around Joburg?




Witwatersrand Basin gold mineralization formed circa 2900 Million years ago

Layers record basin evolution, sedimentary processes, atmospheric/biological
evolution, diagenetic/post-diagenetic modifications)
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Conceptual landscape of the Wits Basin at the time of formation

Identification of braided
fluvial patterns and
paleocurrents for locating
the accumulation of heavy
minerals during
sedimentary processes.
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Weathering and
erosion of highland
areas towards the
North, infilling basin
towards the South.

Accumulated a thick
sequence of
quartzites and
conglomerates that
we know as the
Witwatersrand
Supergroup: West
Rand + Central
Rand Groups



The Witwatersrand Supergroup
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Cross- section from North to South of the geology of Johannesburg

— West Rand Group Central Rand Group
Thisisa Main Reef

Cross

https://upload.wikime
dia.org/wikipedia/co
mmons/thumb/1/16/
Witwatersrand_NS ¢
ross_section.png/350
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The rocks of the Wits Supergroup were deposited in layers on top of an
ancient granitic basement (visible in the Northern Suburbs)

The layers are not horizontal, but they dip about 20 degrees toward the
South



In the Wits Basin:

* Primary GOLD is found within the sedimentary rocks of the WITWATERSRAND
Supergroup

* The Wits Supergroup represents the accumulation of sediments into inland
sea/ basin on top of the Kaapvaal Craton

* The basin gets deeper southwards into the basin
* The basin was active in the late Archaeaninage -2.8-2.3 Ga

* The Wits Supergroup is divided into 2 Groups - West Rand & Central Rand
Groups

* The lower part of the sedimentary sequence (the West Rand Group) is gold
poor

* The upper part of the sedimentary sequence (the Central Rand Group) has
conglomeratic layers, called reefs, which contain gold associated with pyrite.
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Geological Map of the Witwatersrand Basin, showing the outline of the Basin and its position
relative to the Kaapvaal Craton in South Africa (Modified after Pretorius et al., 1986)
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The Wits Basin is the world’s largest gold deposit: about 53 000 t
of gold produced since 1886

Let’s reflect on these points:

1. Average Grade of a gold mine in the Wits Basin is around 6 grams
per ton of rock

2. Gold in the Wits mines is not visible, itis inside Pyrite and requires

physical and chemical processing for liberation and

The processing to extract gold leaves behind large tailings facilities

Pyrite is a Fe sulfide (FeS2) and in contact with surface water can

produce acidic drainage, which is dangerous to the environment.

5. The layers are not horizontal but dip toward the South, therefore
mine are going deeper and deeper, and more expensive

il o



1. Grade of Mine: around 6 gram of gold per ton of rock

Mining requires a lot of rock breaking, moving, and processing to gain the commodity
- Goldisrare
- There is a lot of underground workings in the Wits Basin (generations of miners)



The Wits Basin is the world’s largest gold deposit: about 53 000 t
of gold produced since 1886

Let’s reflect on these points:

1. Average Grade of a gold mine in the Wits Basin is around 6 grams
per ton of rock

2. Gold in the Wits mines is not visible, itis inside Pyrite and requires

physical and chemical processing for liberation

The processing to extract gold leaves behind large tailings facilities

Pyrite is a Fe sulfide (FeS2) and in contact with surface water can

produce acidic drainage, which is dangerous to the environment.

5. The layers are not horizontal but dip toward the South, therefore
mine are going deeper and deeper, and more expensive
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2. Gold in the Wits mines is not visible, the liberation of gold from
pyrite requires physical (milling) and chemical processing (cyanide
solution)

Stock Pile

Tailings

=

Flotation Talls

Cooling Plant

Example of
processing plant for
gold

Carbon in Leach (CIL)

Neutralisation
Elution ¢ Counter-Current Decantation (CCD)
E‘ \ ‘J CN Detox

Pouring Gold &/




The Wits Basin is the world’s largest gold deposit: about 53 000 t
of gold produced since 1886

Let’s reflect on these points:

1. Average Grade of a gold mine in the Wits Basin is around 6 grams
per ton of rock

2. Gold in the Wits mines is notvisible, itis inside Pyrite and requires

physical and chemical processing for liberation and

The processing to extract gold leaves behind large tailings facilities

Pyrite is a Fe sulfide (FeS2) and in contact with surface water can

produce acidic drainage, which is dangerous to the environment.

5. The layers are not horizontal but dip toward the South, therefore
mine are going deeper and deeper, and more expensive
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3. The processing to extract gold leaves behind large tailings
facilities
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Old tailings are reprocessed to extract the
gold left behind also by artisanal miners
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The Wits Basin is the world’s largest gold deposit: about 53 000 t
of gold produced since 1886

Let’s reflect on these points:

1. Average Grade of a gold mine in the Wits Basin is around 6 grams

2.

-l o

per ton of rock

Gold in the Wits mines is not visible, it is inside Pyrite and requires
physical and chemical processing for liberation and

The processing to extract gold leaves behind large tailings facilities
Pyrite is a Fe sulfide (FeS2) and in contact with surface water can
produce acidic drainage, which is dangerous to the environment.
The layers are not horizontal but dip toward the South, therefore
mine are going deeper and deeper, and more expensive



4. Pyrite is a Fe sulfide (FeS2) and in contact with surface water can
produce acidic drainage, which is dangerous to the environment.

https://www.wits.ac.za/news/latest-news/research-news/2018/2018-05/the-
heat-of-acid-mine-drainage.html



The Wits Basin is the world’s largest gold deposit: about 53 000 t
of gold produced since 1886

Let’s reflect on these points:

1. Average Grade of a gold mine in the Wits Basin is around 6 grams
per ton of rock

2. Gold in the Wits mines is not visible, itis inside Pyrite and requires

physical and chemical processing for liberation and

The processing to extract gold leaves behind large tailings facilities

Pyrite is a Fe sulfide (FeS2) and in contact with surface water can

produce acidic drainage, which is dangerous to the environment.

5. The layers are not horizontal but dip toward the South, therefore
mine are going deeper and deeper, and more expensive
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4. The layers are not horizontal but dip toward the South, therefore
mine are going deeper and deeper, and more expensive

Mines are getting
deeper and more
expensive

In the deepest
mine in the
Carletonville area
miners work at
about4 km depth

The diagram above is a 3D isometric view of the stratigraphy of South Deep including
the primary mine infrastructure. The stratigraphic package hosts the economically significant

Upper Elsburg and VCR conglomerate units. The Upper Elsburg (red) forms a clastic wedge that attains
a thickness of 120m in the east and truncates against the VCR ( blue) to the west.
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Production in gold mining sector
declined 17.4% year-on-year: Stats SA

@SABCNews

Image: Reuters

Miners work deep underground at Sibanye Gold's Masimthembe shaft in Westonaria, South Africa, April 3, 2017



* Increase costs of production for conventional mining is making the mine not
economic and mines are closing down
* Goldis still there and attractive for artisanal, informal miners

View South Africa's Gold Production from 1990 to 2021 in the chart:
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