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MUST Workshop- Identifying Active Faults in Malawi
What is the relationship between earthquakes and faults?
Earthquakes occur when rocks rapidly slide past one another along surfaces called faults.
This movement generally occurs in response to the very slow but continuous shifting of
tectonic plates and it can be described by ‘elastic rebound theory’ (Figure 1a). This theory
describes how, prior to an earthquake, the crust gradually deforms by bending and warping
either side of a fault at rates of mm/yr. However, the crust cannot move in this way forever;
eventually a point will be reached when the force of this deformation exceeds the strength
of the fault, and it will rapidly and catastrophically slip. This is an earthquake, and they
release vast amounts of energy. Some of this energy is converted into seismic waves that
radiate away and cause the ground to shake (Figure 1b). Depending on the amount of
energy that an earthquake releases, this shaking can damage buildings and roads, and
trigger landslides. The potential of earthquakes to cause loss of life and property is termed
‘seismic hazard.’

Figure 1: (a) Simple representation of elastic rebound theory. Over time, the road either side of the
fault bends slowly (typically at rates of mm/yr). This usually (but not always) occurs in response to
the movement of tectonic plates either side of the fault. Eventually this deformation exceeds the
fault’s frictional strength causing the fault to catastrophically slip (at rates of metres/second) and (b)
release vast amounts of energy, some of which is transmitted as seismic waves.
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In nearly all cases, earthquake occurs along faults that have slipped in a previous
earthquake. Therefore, although we cannot predict when earthquakes will happen, if we
can identify and map faults, we can predict where earthquakes are likely to occur. This is
especially important as the amount of shaking will generally be highest closest to the fault.
Furthermore, if the slip occurring during an earthquake reaches the surface, it deforms the
ground across a zone typically 10’s of metres wide (Figure 2). This ‘surface rupture’ is
another means in which buildings can be severely damaged by an earthquake.

What type of earthquakes occur in Malawi?
Earthquakes can be classified by the type of movement that occurs along the fault into: (1)
reverse/thrust, (2) normal, and (3) strike-slip (Figure 3). The first two types form due to
vertical motions. Reverse/thrust faults form where one side of the fault is forced up relative
to the other. They are likely to occur in regions where the crust is in compression such as
mountain ranges (Figure 3). Normal faults form where one side of the fault moves down
relative to the other as the crust is extending (Figure 3). Where the rocks either side of a
fault are moving horizontally, strike-slip faults form. It is possible for faults to show a
combination of horizontal and vertical (either reverse/thrust or normal) movement. These
are called oblique-slip faults.
1.) Q (for class): What type of movements occurred in Figure 2?

Figure 2: Surface rupture of the Leader Fault after the 2016 Kaikoura Earthquake in New Zealand
(Nicol et al., 2018).
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Figure 3: Classification of faults and earthquakes by the type of movement that occurs along them.

2.) Q (for class): The arrows in figure 4b indicate the movement of the crust in East
Africa. They show the movement of Somalian Plate (east of the Figure), relative to
the Nubian Plate in the west. Does this indicate the crust is in compression,
extension, or moving horizontally? What does this indicate about the types of faults
you would expect to see in Malawi?

Figure 4: (a) Digital elevation model showing topography across the East African Rift system. (b)
Surface motions across the southern end of the EARS with respect to the Nubian Plate. Figure from
Laõ-Dávila et al., (2015).
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How do we identify faults?
A number of methods have been developed for identifying and mapping faults. This greatly
increases our understanding of seismic hazard, however, they do have limitations. Below,
we will introduce you to these methods (and their problems), then you will have a go at
identifying faults yourselves!
1.) Bedrock geology
Faults slide rocks past one another. Consequently, we can identify them where there is
evidence of: (1) different rock types being placed together (Figure 5), or (2) deformation of
the internal structure (e.g. sedimentary bedding) of a single rock type. Often, the rocks
either side of the fault will be heavily deformed through fracturing and folding.

Figure 5: Example of the bedrock geology surrounding a fault. Two different geological units have
been placed next to one another by multiple earthquake movements along this fault. This is the
Thyolo Fault in southern Malawi and we will visit this fault during the workshop fieldtrip. Thin black
lines highlight the folding of rocks either side of the fault.

However, the faults we identify using this technique may have been active millions of years
ago and so will not slip again. Consequently, these ‘inactive’ faults will probably not host
earthquakes in future and so do not contribute to the seismic hazard. Therefore, this
method can only be used if the faults displace rocks that are known to be very young.
Indeed, most of the time, young soils and sediments completely cover and obscure the
rocks either side of a fault. This is why we typically identify active faults by looking for
evidence in the landscape.
2.) Landscape
If a fault has hosted a surface rupturing earthquake, it may deform the ground surface in a
variety of styles. Depending on the climate and geology of the area, these features can be

4

Identifying Active Faults in Malawi

preserved in the landscape for thousands to millions of years after an earthquake.
Identification of these features therefore provides good evidence for recent earthquakes
along these faults, and more importantly for seismic hazard analysis, means these faults are
likely to host an earthquake again in future.
The most frequent landform used to identify active faults are ‘scarps.’ A scarp forms from
the vertical offset of the ground surface during an earthquake along a normal or reverse
fault (Figure 6a). The side above the fault (the ‘hanging wall’) will drop relative to the side
below the fault (the ‘footwall’) to form a scarp in a normal fault earthquake (Figure 6a). A
scarp will extend along the length of the fault that slipped in an earthquake. This means,
they can be easily mapped, particularly if a Digital Elevation Model (DEM), which can
represent the regional topography at ~1-10 m scale, are available. Over large periods of
geologic time, a single normal fault may host many earthquakes so that the hanging wall
and footwall are separated by 100-1000’s m. The slope that separates these surfaces is
called an escarpment (Figure 6b), and these can also be used to identify active normal
faults.
However, not all earthquakes lead to surface rupture. Sometimes fault slip occurs only
beneath the surface along ‘blind faults.’ They are a huge problem in mapping faults and
predicting seismic hazard as typically they are only located after they have slipped in an
earthquake. It is also possible that they may be identified where they cause the overlying
ground to bend and warp to form a fold. Another problem with using scarps to map faults, is
that there are other features in the landscape that look like scarps, but are not actually
faults. For example, fluvial terraces that form from rivers floods, also form metre-scale
continuous slopes that resemble fault scarps.

Figure 6 (a) Diagram of a fault scarp, that shows how different fault properties can be calculated
from it such as scarp height and fault length (Hodge, 2018). (b) Escarpment that follows Livingstone
Fault in northern Malawi/southern Tanzania with a vertical exaggeration of x2. The difference in
height across the escarpment is up to 1000 m.

5

Identifying Active Faults in Malawi

3.) Q (for individuals): For each image in Figure 7, identify if it contains a fault. If so, can
you determine if: (1) the fault is active, and (2) what is the relative movement along
the fault (hint, use figure 3)
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Figure 7: Credits for figures: (b), https://www.pinterest.com/pin/186406872051757392/ (c)
Macheyeki et al., (2015), (d) http://rogpalmer.cantabphotos.com/081231160547/75/, (f) Quigley et
al., (2010), (g) http://juliansrockandiceblog.blogspot.co.uk/2014/03/stepping-over-boundary.html
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What if a faults is underwater?
Up to now, we have just focused on faults that are found on land, however, they can also be
found under oceans and lakes. The methods described above can therefore not be used to
identify and map these faults.
1.) Q (for class): why might this be a problem for Malawi?
Thankfully, though faults can still be recognised when they are under the sea or large lakes
by using seismic reflection surveys. This is a technique where a ship traverses up and down
a lake/area of the ocean and continuously emits a controlled seismic source such as an air
gun. These seismic waves travel through the water and layers of underlying rock, and each
time they reach a layer with different composition or physical properties, some of the
seismic waves are reflected back to the surface, where they be detected by a series of
sensors towed behind the ship known as streamers (Figure 8a).
The amplitude of the returning waves, and the time it takes for them to travel from the ship
and back via the water and underlying rocks, can be used to infer the geometry of
subsurface. From our point of view for mapping faults, what is really important is that
where different reflectors (which are basically geologic layers imaged by the seismic survey)
have been offset, we can infer the presence of a fault (Figure 8b).
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Figure 8(a): Simplified representation of a seismic reflection survey. A ship emits seismic waves from
an airgun, which reflect of different layers in the rocks below the surface and are then detected by an
array of sensors towed behind the ship. The amplitude of the returning waves, and the time it has
taken for them to travel, can be used to infer the geometry of the different rock layers, and the
presence of any faults beneath the water (Image from
http://totalcorner.blogspot.co.uk/2011/04/seismic-forward-modelling-for-synthetic.html). (b)
Example of a seismic survey, where the red and black lines show different reflectors that represent
the geometry of the sedimentary rocks below the seafloor. A vertical fault can be identified where
the layers have been offset.

2.) Q (for individuals): using the seismic section taken from Lake Malawi in Figure 9, can
you identify and trace any active faults?
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Figure 9: A seismic reflection profile through Lake Malawi (Mortimer et al., 2007)
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