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Dotted with emerald sugar cane fields 
and surrounded by silver sands, azure 
waters and beautiful coral reefs, this 
tiny tropical paradise island, located 890 
km east of Madagascar in the middle 
of the Indian Ocean, has the most 
competitive and booming economy 
on the African continent. Mauritius 
spans 2,000 km2 and is home to over 
1.3 million people, an ethnically and 
religiously diverse mix of Indian, 
African and French heritage. English is 
the official language; however, Creole, 
derived from French, is the most widely 
spoken. A former Dutch, French and 
British colony, Mauritius achieved its 

independence in 1968 and became a 
Republic in 1992. The country attracts 
nearly a million tourists annually.

Another World
On our trip to Mauritius we learnt 
that Norwegian compatriots recently 
identified remnants from another 
world right beneath our feet – a now 
submerged continent billions of years 
old. Mauritia, once a tiny part of the 
Rodinia ‘supercontinent’ prior to 
the formation of the Indian Ocean 
(Torsvik et al., 2013) is believed to have 
detached about 60 million years ago as 
Madagascar and India drifted apart, 

and is hidden under huge masses of 
lava. Continental drift, responsible for 
Mauritia’s downfall, also gave birth 
to Mauritius, as geological processes 
surrounded the paradise island with 
white sandy beaches and transparent 
lagoons, protected from the open sea 
by one of the world’s largest coral reefs. 

But Mauritius’ birth was more 
about violence and burning hell than 
the heaven suggested by Twain. The 
island rose from the depths of the Earth 
between nine and ten million years 
ago when a huge volcano built by fluid 
magma flows created a large, low-lying 
land, resembling a warrior’s shield 

Mauritius 
– and Beneath

After the American adventurer 
and author Mark Twain visited 
Mauritius in 1896 he quoted an 
islander as saying: “Mauritius 
was made first and then Heaven; 
and Heaven copied Mauritius.”
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The dramatic Le Morne Brabant, a peninsula at the south-western tip of Mauritius, 
overshadowed by an iconic basaltic monolith (556m) of the same name. In the early 
19th century Le Morne mountain hosted a large number of runaway slaves, who formed 
settlements in the cliff’s caves and on its summit. Slavery was abolished on 1 February 1835. 
Tragically, when a police expedition travelled there to inform the slaves of their freedom, 
the slaves misunderstood the purpose of the expedition and some jumped to their deaths 
from the mountain as they thought that they were about to be captured again. Le Morne 
thus symbolises the slaves’ fight for freedom, their suffering and their sacrifices.©
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lying on the ground. At the time, the 
region was a volcanic hotspot. Gigantic 
underwater eruptions originating in the 
Earth’s mantle were not uncommon, 
forcing magma to gush into and out 
of the ocean before solidifying into 
islands. Later, two more series of 
volcanic eruptions gave rise to the 
numerous mountains, gorges and 
valleys that can be seen all over the 
island. The youngest volcanic activity 
occurred 30,000 years ago.

Since the days of Plato, who wrote 
the story of Atlantis in a Socratic 
dialogue about 360 BC, tales of a sunken 
land have been told. These have met 
with a sceptical response, but some have 
proved to be true, and scientists have 
long suspected that volcanic islands 
may contain evidence of lost continents. 
Could there be a microcontinent lurking 
beneath our feet, under Mauritius?

Sunken Lemuria
Lemuria was a hypothesised sunken 
continent under the Indian Ocean. In 
the 1860s the English ornithologist 
Philip Sclater found it puzzling that 
similar primate fossils had recently 
been found in the geographically-
isolated Madagascar and India, but 
not in Africa. Would these primates, 
which he called lemurs, have swum 
across the 6,000 kms of Indian Ocean 
from Madagascar to India, yet never 
attempted to swim across the shorter 
Mozambique Channel into Africa? 
Implausible; Sclater concluded that 
the lemurs had never swum across any 
ocean at all. But, he hypothesised, since 
they are found in both Madagascar and 
India, they must have walked across on 
a land bridge, long swallowed by the 
Indian Ocean. He called the sunken 
land Lemuria. Lemuria captured the 
imagination of generations of people. 
At Belle Mare Plage, in the north-east 
of Mauritius, the hotel director and 
islander Yash very confidently likened 
the story of Mauritius to the phoenix 
dying in a show of flames and then 
obtaining new life by arising from the 
ashes of its predecessor.

However, geological knowledge 
eventually disproved Sclater’s 
hypothesis of ancient Lemuria 
through the theory of continental 
drift, proposed in 1915 by the German 

geologist and meteorologist Alfred 
Wegener, who suggested that parts of 
the Earth’s crust slowly drift on top a 
liquid core. The fossil record supports 
and gives credence to the theories of 
continental drift and plate tectonics: 
continents are not static but in motion. 

This acceptance led to the realisation 
that Madagascar and India were once 
part of the same landmass. Lemuria 
might never have existed but it became 
history’s precursor to Mauritia: a 
Madagascar-India land link, now hidden 
beneath the Indian Ocean.

The highest waterfall on Mauritius – the spectacular Chamarel Falls fed by the Viande Salée and St. 
Denis rivers in Black River Gorges National Park – plunges 100m down against a scenic backdrop of 
forests and cliff‐forming basalt lava flows of different ages. The first flow, 8-10 million years old, is 
a 70m-thick basaltic rock which was exposed to air and weather over millions of years before being 
covered by the second flow, 30m thick, between 1.7 and 3.5 million years ago.
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The name Lemuria comes from the charming primates called lemurs, found only on the island of 
Madagascar and some tiny neighbouring islands. The silky sifaka, a large lemur with long, white fur, 
is one of the rarest mammals on Earth, and is listed by the International Union for Conservation of 
Nature as one of the world’s 25 most critically endangered primates.

Lava flow 2

Lava flow 1
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Mauritia Proved
In 1999, an American scientific drilling 
ship discovered evidence of a submerged 
continent, the Kerguelen Plateau, at the 
intersection of the Indian and Southern 
Oceans. Drilling samples contained 
traces of 90 million-year-old pollen and 
wood trapped in sediments. Areas of 
strong gravitational fields were identified 
from south of the Northern Mascarene 
Plateau down to Mauritius, an indication 
of hidden submerged crusts – but were 

those crusts merely oceanic or were they 
continental? If the latter, they could be 
indicative of a lost continent. 

A group of geoscientists from Norway, 
South Africa, Britain and Germany, 
led by Norwegian geophysicist Trond 
Torsvik at the University of Oslo, were 
interested in the findings. To investigate 
further, they made a tectonic plate 
movement model to reconstruct the 
past history of the Earth, including the 
geography of continents and oceans, 

and the processes controlling the 
creation and destruction of landforms. 
Until around 750 million years ago, 
all of the land on Earth was collected 
into a single continent called Rodinia. 
This supercontinent was driven apart 
by tectonic forces, slowly fragmenting 
and drifting apart. In this continental 
ballet, the team found that in the 
Indian subcontinent there was one 
microcontinent that about 60 million 
years ago disappeared beneath the waves, 

Zircons – tiny crystals of zirconium 
silicate (chemical formula ZrSiO4) – are 
very resistant to erosion or chemical 
change, and are associated with 
continental crust. Zircons contain ‘clocks’ 
by adding small traces of radioactive 
uranium, because uranium atoms are 
similar enough to zirconium that they 
occasionally can slip into the crystal’s 
lattice in zirconium’s place when 
the mineral is forming. The unstable 
uranium atoms eventually decay into 
lead (Pb) atoms. The age of a zircon is 
calculated from the ratio of radioactive 
uranium to lead atoms; the more lead 
that you find in a zircon crystal, the 
older it is. For example, zircons from 
Jack Hills in Western Australia have 
yielded U-Pb ages up to 4.404 billion 
years, interpreted to be the age of 
crystallisation. These are the oldest 
minerals so far dated on Earth.
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In Nature Geoscience in 
2013, Torsvik and co-workers 
published their findings 
on Mauritia, a submerged 
continent in the Indian Ocean, 
between Madagascar and 
India. At some time in the 
last 2 billion to 600 million 
years, Mauritia was an 
archipelago that separated 
from Madagascar and the 
Indian sub-continent. Slivers 
of Mauritia may today be 
preserved in two chains of 
sub-sea mountains, one 
extending from Réunion 
through Mauritius and up to 
the Seychelles in the western 
Indian Ocean, and a second 
one from Chagos through the 
Maldives and the Laccadives 
up to the Indian coast in the 
northern Indian Ocean. 

M
I D - O C E A N I C  R I D G E

M A S C A R E N E

PLATEAU

M
O

Z
A

M
B

I Q
U

E
C

H
A

N
N

E
L

I N D U S FA N

ARABIAN

BASIN

C
H

A
G

O
S

 -
 L

A
C

C
A

D
IV

E
 R

I D
G

E

 

C
E

N
T

R
A

L
I

N
D

I
A

N

R
I

D
G

E

MASCARENE

BASIN

O
W

E
N

F
R

A
C

T
U

R
E

Z
O

N
E

S O M A L I

A B Y S S A L  P L A I N

D
A

V
IE

 R
I D

G
E

M
A

S
C

A
R

EN
E 

P
LA

IN
 

EGERIA   F
RACTURE  ZONE

MARIE-CELESTE   F
RACTURE   Z

ONE

A R G O
 F

RA CT U RE    
Z O N E

V E M
A   F

RA CT U
RE   

 Z
O

N
E

V I T
YA

Z   
  

F R
A

C

T U
R

E
  

 Z
O

N
E

T
R

O
U

G
H

C
H

A
G

O
S

Somalia

India

Sri
Lanka

The
Laccadives

The
Maldives

Chagos

Seychelles

Mauritius
Réunion

Kenya

Madagascar

Fi
gu

re
 c

re
at

ed
 b

y 
L.

 A
m

un
ds

en
 u

si
ng

 th
e 

G
EB

CO
 2

01
4 

ba
th

ym
et

ric
 g

rid



GEOExPro October 2017   53   

leaving a fractured mass of continental 
crust lying kilometres beneath the Indian 
Ocean. They dubbed it Mauritia.

To gather more proof about the 
existence of Mauritia, the geoscientists set 
course to Mauritius, located above some 
of the fragments of the lost continent, 
hoping to find pieces of the missing land. 
The team hypothesised that as magma 
flowed up from the Earth’s interior to form 
Mauritius, it would drag up to the surface 
a few rocks containing zircon minerals 
from the continental crust of the sunken 
Mauritia. Hopefully, some super-tough 
grains of zircon would survive the high 
temperatures of the lavas and during the 
eruption be ‘frozen’ into them. If they did, 
this would leave behind some clues in the 
lava-made basalt land of Mauritius.

They collected samples of sand on 
remote beaches and brought these back 
to Oslo, where they found 20 grains of 
zircon (wow!). Furthermore, they dated the 
zircons to be much older than Mauritius; 
the oldest grain was nearly 2 billion 
years old while the youngest roughly 600 
million years old. There is no obvious 
local source for zircons on Mauritius, so 
Torsvik and his colleagues suggested that 
the zircons originated in the fragments 
of Mauritia’s ancient continental crust 
located beneath Mauritius. Volcanic 
eruptions brought shards of the crust to 
the surface, where the zircons eroded 
from their parent rocks to pepper the 
island’s white sands, but further research 
is needed to fully investigate what remains 
of this lost region. The ultimate proof of 
Mauritia and the key to new knowledge 
would be new seismic data that can image 
the structure.

The Phoenix Rises
Maybe our friend Yash is right? Perhaps 
Mauritius was reborn from Mauritia. 
Only one beautiful phoenix exists at any 
one time, and it is long-lived; the same 
could be said for Mauritius. As the end of 
its life approaches, the phoenix builds a 
nest of wood and spices and climbs on to 
it. There it faces the sun, the fire ignites, 
and it is consumed in the flames – but 
after a time, the phoenix rises again from 
the ashes. In the same way, if Mauritius 
was reborn from Mauritia, then at some 
time will Mauritius itself die and be 
reborn?
References available online 

Off the south-west 
coast of Mauritius, 
about 200m from the 
shore, sits the famous 
Crystal Rock. It is 
an exposed section 
of a fossilised coral 
reef, an example 
of a biochemical 
sedimentary rock. 
Whether you are 
on your way to the 
coral sand island 
Ile aux Bénitiers or 
going snorkelling 
or swimming with 
dolphins, every boat 
stops at Crystal Rock.
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The authors admiring the vibrant colours playing out across the “Seven Coloured Earth” dunes 
in Chamarel, which contain traces of ancient activity of geoclimatic events. The basalt from 
the intermediate periodic lava flow (3-1.7 million years) has been leached by the hot and humid 
climate, leading to gullied clay. This profound and ultimate decomposition has left behind 
iron and aluminium oxides. Iron and aluminium repel each other and gather spontaneously 
in colourful stripes. The ferric oxide gives the land shades ranging from red to brown, while 
aluminium gives the blue to violet-blue colours. The leaching of the basalt has resulted in 
depletion of the the nutrients from the soil that are necessary for vegetation to grow. This is why no 
plants will ever grow on the dunes. A similar landscape also occurs in Papua New Guinea, and may 
be common in tropical, high-rainfall regions with volcanic bedrock.
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Encyclopaedia Britannica defines 
Artificial Intelligence, or AI as it is 
commonly called, as the ability of a 
computer or computer-controlled 
robot to perform tasks that normally 
require human intelligence, such 
as the ability to reason, discover 
meaning, generalise, or learn from past 
experiences. 

We have seen AI robots in movies 
or read about them in science fiction 
novels. C-3PO is a robot character from 
the Star Wars universe whose main 
function is to assist etiquette, customs, 
and translation, so that meetings of 
different cultures run smoothly. On the 
evil side, recall the ‘Terminator’ series. 
Before becoming self-aware, Skynet is a 
powerful AI system for the US military 
to coordinate national defence; after 
becoming self-aware, Skynet decides 
to coordinate the destruction of the 
human species instead, with the 
Terminator robots serving as its agents, 
disguised as humans.

Whilst the idea of AI can be 
terrifying, there are interesting 
‘passive’ forms of real AI. First, 
however, we will look briefly into the 
history of AI.

Early AI Milestones
The earliest work in the field of AI 
was done in the mid-20th century 
by the British mathematician and 
computer pioneer Alan Turing. 
In 1947, he discussed computer 

intelligence in a lecture, saying, 
“What we want is a machine that can 
learn from experience,” and that the 
“possibility of letting the machine 
alter its own instructions provides the 

mechanism for this.” In 1950, he wrote 
a paper, ‘Computing machinery and 
intelligence,’ addressing the issue of AI.

One of the earliest successful 
demonstrations of the ability of AI 

Recent Advances in Technology

Introduction to 
Deep Learning: Part I
HONGBO ZHOU, Statoil, LASSE AMUNDSEN and MARTIN LANDRØ

Once, artificial intelligence (AI) was science fiction. 
Today, it is part of our everyday lives. Tomorrow, 
AI is speculated to make computers smarter than 
people, and perhaps threaten the survival of 
humankind. In the future, can computers begin to 
think for themselves? What are the trends in AI? 
What is to come?

“We tend to overestimate the 
effect of a technology in the 

short run and underestimate the 
effect in the long run.” 

Roy Amara (1925-2007)  
American scientist, futurist and president 

of the Institute for the Future.

Artificial intelligence is the use of computers to simulate human intelligence. Deep learning – driven 
by ever more powerful GPUs – grows more useful as the amount of data in the world grows. This 
image is NVIDIA’s brand representation of their AI podcast, where experts discuss how AI works, how 
it is evolving, and how it is being used across industries.
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programs to incorporate learning 
was published in 1952. Anthony 
Oettinger at the University of 
Cambridge, influenced by the views of 
Alan Turing, developed the response 
learning program ‘Shopper’, in which 
the universe was a mall of eight 
shops. When sent out to purchase 
an item, Shopper would visit these 
shops at random until the item was 
found, but while searching it would 
memorise a few of the items stocked 
in each shop visited. The next time 
Shopper was instructed to get the 
same item, or some other item that 
it had already located, it would go 
to the right shop straight away. This 
simple form of learning is called rote 
learning, a memorisation technique 

based on repetition without proper 
understanding or reflection. Today, 
we note that AI in online shopping 
is big business. AI technology allows 
businesses to analyse the customer’s 
behaviour, predict consumer needs and 
offer tailored customer experiences. AI 
is designed to make online experiences 
altogether more personal. 

The 1956 Dartmouth Artificial 
Intelligence Conference marked the 
birth of the field of AI as a vibrant 
area of interdisciplinary research; 
many of the attendees later became 
leaders in AI research. These pioneers 
were optimistic about the future and 
believed that within two decades 
machines would be capable of doing 
any work a person can do. Their 

attitude was shown in their proposal: “a 
significant advance can be made in one 
or more of these problems if a carefully 
selected group of scientists work on it 
together for a summer”. Their dream 
was to construct complex machines – 
enabled by emerging computers – that 
possessed the characteristics of human 
intelligence. 

After expressing the bold goal 
of simulating human intelligence, 
researchers developed a range of 
demonstration algorithms that showed 
that computers could perform tasks 
once thought to be solely the domain 
of human capability. However, lack 
of computer power soon stopped 
progress, and by the mid-1970s AI was 
considered overhyped and tossed into 

Machine learning and deep learning are subsets of AI. 
One of the first AI programs was a checkers (or draughts) 
program, written by Arthur Samuel, which won a game 
against a former checkers champion in 1962. Machine 
learning is applied to automatically discover patterns in 
data, which can be used to make predictions. For instance, 
a machine learning system can learn patterns in credit 
card transactions in a bank’s database that are predictive 
of fraud. The more data (e.g. date, time, salary, average 
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monthly spend, location, merchant, price and whether the 
transaction was legitimate or not) the system processes, 
the better its predictions become. 

Deep learning is driving today’s AI. It is widely used for 
tasks like face-tagging of photos, voice recognition, and 
language translation. There is now hope that deep learning 
will be able to diagnose deadly diseases and do countless 
other things to transform whole industries, including the 
oil and gas industry.
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technology’s trash heap. Technological 
work on AI had to continue with a 
lower profile.

Machine Learning  
– An Approach to Achieve AI
In the 1990s, machine learning, a 
subset of AI, started to gain popularity. 
The machine learning field changed 
its goal from achieving AI to tackling 
solvable problems of a practical nature. 
Machine learning adapted methods 
and models borrowed from statistics 
and probability theory. Among the 
most common methods are artificial 
neural networks or ANNs (weighted 
decision paths), which are electronic 
networks of ‘neurons’ loosely analogous 
to the neural structure of the brain, 
and genetic algorithms, which aim 
to evolve solutions to problems by 
iteratively generating candidate 
solutions, culling the weakest, and 
introducing new solution variants by 
introducing random mutations.

Machine learning thus has links to 
optimisation. Many learning problems 
can be formulated as minimisation 
of some objective or loss function 
on a training set of examples. Loss 
functions express the misfit between 
the predictions of the model being 
trained and the actual problem 
instances; for example, in classification, 
one wants to assign a label to instances, 
so models are trained to correctly 
predict the pre-assigned labels of 
a set of examples. The difference 
between optimisation and machine 
learning lies in their goals: while the 
goal of optimisation algorithms is to 
minimise the loss on a given training 
set, the goal of machine learning is the 
prediction of unseen samples. In this 
way, the machine learning discipline 
is concerned with the implementation 
of computer software that can learn 
autonomously.

Machine learning is mainly about 
feature extraction, i.e., the extraction 
of representations or abstractions 
that are pieces of information or 
characteristics that might be useful for 
prediction. Historically, there exist two 
major arenas of machine learning: the 
traditional computationalism concept 
that mental activity is computational 
and symbolic or logic-based; and 

the connectionism view, in which 
mental activity can be described by 
interconnected networks of simple units 
and is neural-based. Neural networks, 
as we will discuss below, are by far the 
most commonly used connectionist 
model today. These two scenarios, 
however, have duelled each other since 
their birth.

Computation or Neural Networks
Traditional symbolic-based machine 
learning models depend heavily on 
feature engineering, a process of 
using domain knowledge to manually 
extract features that make machine 
learning algorithms work. Specifically, 
the programmer needs to tell the 
computer the kinds of things it should 
be looking for that will be informative 
in decision-making. The algorithm’s 
effectiveness relies on how insightful 
the programmer is. For complex 
problems like object recognition, this 
proves to be both difficult and time-
consuming, meaning that feeding the 
algorithm with raw data rarely ever 
works for traditional symbolic-based 
machine learning. But, unlike its rival, 
the ANNs system, people have full 
control of obtaining what they want to 
achieve.

Consider this example: a human 
driver uses his eyes and brain to see 
and visually sense the traffic around 
him. When he sees a red rectangular-
shaped plate with a white border and 
large white letters saying WRONG 
WAY, he knows that if he drives pass 
the sign, he is in trouble. For many 
years experts tried to use machine 
learning to teach computers to 
recognise signs in the same way. The 
solution, however, required hand-
coding. Programmers would write 
classifiers such as edge detection filters 
so the program could identify where 
an object started and stopped; shape 
detection routines to determine if the 
object had four sides; and a routine 
to recognise the letters ‘Wrong Way’. 
From all those hand-coded classifiers 
they would develop a theoretical and 
algorithmic basis to achieve automatic 
visual understanding. But would you 
trust the computer if a tree obscures 
part of the sign?

The other arena for machine 

learning is ANNs. Neural networks, 
based on learning multiple levels of 
representation or abstraction, have 
traditionally been viewed as simplified 
models of neural processing in the 
brain, even though the relation 
between this model and the biological 
architecture of the brain is debated 
as it is not clear to what degree ANNs 
mirror brain function. Over the past 
few decades computer scientists have 
developed various algorithms that try 
to allow computers to learn to solve 
problems automatically through Big 
Data. ANNs have been successful in 
various applications in recent years 
but the criticism remains about its 
opaqueness. People have some clues 
on how to make it work, but do not 
actually know why it works so well.

In the next issue of GEO ExPro we will 
extend our discussion on deep learning. 

The MNIST dataset is a standard benchmark 
dataset for machine learning. It is a modified 
subset of two datasets collected by National 
Institute of Standards and Technology 
(NIST). It contains 70,000 scanned images of 
handwritten digits from 250 people, half of 
whom were US Census Bureau employees, 
the rest being high school students. There 
have been numerous attempts to achieve the 
lowest error rate in solving the handwritten 
digit recognition problem; one attempt, using 
a hierarchical system of convolutional neural 
networks, manages to get an error rate on the 
MNIST database of 0.23 %.

Recent Advances in Technology




