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Figure 2
SRTM digital elevation model of the Afar depression and fault-bounded escarpments. Inset shows the location of the study area with
respect to northeast Africa and the three diverging plates. The southern Red Sea, western Gulf of Aden, and Main Ethiopian rifts meet
in a complex zone near the center of the diagram. Stars are sites of eruptions in 2005 (north) and 2007–2009 (south). Black line marks
the oblique-slip Tendaho-Goba’ad discontinuity, the seismically active fault zone separating the Main Ethiopian, Red Sea, and Gulf of
Aden rifts. Red lines mark the axial trace of incipient seafloor spreading segments of the southern Red Sea rift and seafloor spreading
segments of the Gulf of Aden rift (after Hayward & Ebinger 1996, Kidane et al. 2003, Grandin et al. 2009). Green lines mark magmatic
segments of the Main Ethiopian Rift, which are the current locus of volcanism and extensional strain (e.g., Keir et al. 2006).
Abbreviations: AL, Alayta segment; AG, Asal-Ghoubbet segment; DMH, Dabbahu-Manda Hararo segment; EA, Erta’Ale segment;
FURI, GSN seismic station; TA, Tat’Ale segment; TN, Tendaho segment.
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(e.g., Einarsson & Brandsdóttir 1980, Rubin & Gillard 1998, Dziak et al. 2007). Unlike fault
slip events, dike intrusion swarms lack a dominant, larger magnitude earthquake, and they have
high event rates for much longer periods than those of comparable magnitude tectonic events
(e.g., Tolstoy et al. 2001, Dziak et al. 2007). Theory and observations indicate that migrating
seismicity marks inflation-induced tension ahead of a propagating crack, brittle failure above the
dike, and/or tension within the wallrock the dike intrudes (e.g., Rubin & Gillard 1998, Roman
& Cashman 2006). Dike-propagation direction and distance largely depend on the predike level
of stress (Buck et al. 2006); solidification time depends on the depth extent of the dike (Fialko &
Rubin 1998, Buck et al. 2006). These propagating dikes are sometimes accompanied by fissural
eruptions (e.g., Einarsson & Brandsdóttir 1980). Dikes are characterized by uplift adjacent to the
dike intrusion zone; faulted dikes show subsidence on the hanging-wall side, but the asymmetry
is smaller than that predicted by fault slip (e.g., Rubin & Pollard 1988, Behn et al. 2006). Thus,
parallel zones of uplift, comparatively small seismic moment release, and slowly migrating swarms
of volcano-tectonic earthquakes characterize dike intrusions.

Satellite geodesy provides a synoptic view of vertical and horizontal crustal movements in rift
zones. Interferometric Synthetic Aperture Radar (InSAR) involves differencing the phase from two
radar images acquired at different times to map range change between the radar and ground to
centimeter precision (e.g., Massonnet & Feigl 1995). Where both ascending and descending orbits
span comparable time periods, the horizontal and vertical components of surface deformation can
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basalt overflowed into the main crater (Field et al. 2012). The
larger northern crater also hosted a lava lake until early 1975.
The lava lakes have been persistently active for at least
100 years (Waltham 2010). The geometry of the main cal-
dera, the characteristics of erupted lavas as well as the
modelling of the satellite data of recent eruptions all indicate
that the volcanic activity in the Erta Ale range is likely fed
from long-lived shallow (uppermost 2 km) pockets of magma
(e.g. Pagli et al. 2012; Keir et al. 2013). The importance of

*NNW-striking fissures in building the volcanic topography
of the Erta Ale range is testified by the November 2008
eruption in the Alu-Dalafilla volcanic centre, where two en-
echelon fissures opened south-east of Alu and erupted lava
that flowed towards the east and north of Dalafilla (Fig. 15.8;
Pagli et al. 2012). InSAR data show that the eruption was
accompanied by up to *1.9 m of subsidence at Alu. The
deformation was caused by *1 km-wide, *10 km-long
deflating sill beneath the volcanic system.
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Fig. 15.8 Satellite image (Source Google Earth) (a) and digital
elevation model (SRTM data) (b) of the Erta Ale range (c) The
November 2008 eruption in the Alu-Dalafilla volcanic centre. Dashed

lines indicate the two en-echelon volcanic fissures, and the coloured
area is the surface temperature of the erupted lava flow (from Pagli
et al. 2012)

Fig. 15.9 Aerial view of the
elongate caldera of the Erta Ale
with the large northern and the
smaller central pit craters (Photo
E. Baker)

15 Rift-Related Morphology of the Afar Depression 259

Fig. 15.13 The top left and right panels, respectively, show
earthquake locations reported by the National Earthquake Information
Center (NEIC) and focal mechanism reported by the Global Centoid
Moment Tensor Catalog, for the September 2005 Dabbahu rifting
episode. Normal fault earthquakes were primarily located along the
Dabbahu segment. The lower panel is a cartoon sketch illustrating that

the fault slip causing graben subsidence is a relatively shallow
phenomenon occurring mainly in the upper few kilometres of the
Earth. The fault slip is induced by magma intrusion sourced from upper
crustal magma chambers such as Dabbahu, Gabho and the Ado’Ale
volcanic complex (not shown). Magma intrusion occured mainly at 2–
10 km depth beneath the rift

Fig. 15.14 Top The Da’Ure vent near Dabbahu formed during a minor eruption of pumice and ash on 26 September 2005. Bottom Normal fault
formed during the volcano-tectonic event (Photos E. Baker)
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geometries by the European Space Agency 
ENVISAT satellite, with the available GPS data 
to obtain a continuous high-resolution three-
dimensional velocity !eld of Afar (see the Data 
Repository text and Figs. DR5–DR7; Wang and 
Wright, 2012). The velocity !eld was then used 
to calculate the horizontal strain rates (e.g., Sav-
age et al., 2001). The InSAR and GPS data span 
the time period from the start of 2007 to mid-
2010, comparable to the observation period of 
the seismic networks (October 2005–October 
2009). All co-intrusive deformation in the DMH 
segment has been removed from the data, so the 
resulting strain rates are representative of the 
tectonic regime. We also augmented our seis-
micity and strain rate maps with local (Lépine 
and Hirn, 1992; Ebinger et al., 2008) and tele-
seismic focal mechanisms (Kebede et al., 1989; 
Craig et al., 2011).

High strain rates and dense seismicity clus-
ters occur at the DMH axis, where segment-cen-
tered extension (Fig. 3A) and shear (Fig. 3B) 
correlate with normal and strike-slip earthquakes 
as a result of transient post-rifting deforma-
tion (Hamling et al., 2014; Pagli et al., 2014). 
However, high shear strain rates and seismic-
ity also extend off-rift, in particular, along two 
west-southwest–trending zones at the northern 
and southern tips of DMH (Fig. 3B). This is 
important because it shows for the !rst time that 
repeated diking at a rift segment (co-rifting) can 
generate shear off-rift during post-rifting.

In central Afar, southeast of DMH, exten-
sion rates were detected across a 150–200-km-
wide region of subparallel basins: Manda-Gar-
gori, Dobi, Immino, Hanle, and Asal-Ghoubbet 
(Fig. 3A). Normal faulting earthquakes recorded 
globally also occurred at the same location, 
showing a tectonic regime dominated by exten-
sion rather than distributed shear. Conversely, 
an ENE-WSW band of seismicity with strike-
slip focal mechanisms was recorded at the rift 
tips, including the Serdo earthquakes (Fig. 3B), 
showing rift-perpendicular shear with good cor-
relation to the location at which the extension 
of the central Afar rift terminates (Fig. 3A). We 
explain these spatial patterns as the result of 

a rift-perpendicular, right-lateral shear zone 
at the rift tips, where the extension across a 
broad region terminates against less stretched 
lithosphere. The focal mechanism nodal planes 
and fault patterns are consistent with the shear 
being accommodated by short left-lateral faults 
(i.e., 1969 Serdo earthquakes) and relay ramps, 
although the shear zone may also evolve to a 
through-going right-lateral transform fault. The 
shearing is well captured by seismicity but not 
as clearly by the shear strain rate map, likely 
because the resolution does not allow us to 
identify narrow localized shear or because the 
shear motion is not high enough to be identi!ed 
by InSAR due to projection along the satellite 
line-of-sight.

Paleomagnetic rotations have been used as 
evidence of bookshelf faulting in central Afar 
(Tapponnier et al., 1990), but recent studies 
show that rotations are heterogeneous, and that 
the western rifts (i.e., Manda-Gargori and Dobi) 
are not rotated (Kidane et al., 2003). The book-
shelf model also requires rift propagation in the 
Manda-Inakir and Moussa-Alli rifts. However, 
no strain localization or seismicity is recorded 
there, while extension and normal faulting earth-
quakes occur in the central Afar rifts. Detailed 
structural analyses in central Afar show that fault 
slip is primarily normal, with a minimal oblique 
component, and bookshelf fault zones have been 
inactive over the past 5–100 k.y. (Polun et al., 
2017). We acknowledge that a zone of bookshelf 
faulting may have acted in the past, but our anal-
yses of current strain rates and seismicity support 
a model for Red Sea–Gulf of Aden–MER link-
age through a broad zone of overlapping, exten-
sional basins bounded by rift-perpendicular shear 
zones (Fig. 4).

The Tendaho-Goba’ad discontinuity, which 
links the MER to the Red Sea and Gulf of Aden 
zones, consists of conjugate NNW- and NNE-
striking faults, owing to the high obliquity 
between the extension directions (Varet, 1975). 
In the MER, seismicity occurs mainly in the 
Karrayu segment, while extension is accom-
modated over a broader zone (Fig. 3A). This 
extension may be related to the superposition 

of the younger MER structures on the ca. 30 
Ma Red Sea–Gulf of Aden rift junction (Kidane 
et al., 2003).

CONCLUSIONS
Our results show that the central Afar rifts are 

linked by a series of extensional faults bounded 
by a rift-perpendicular zone of shear, providing 
a new tectonic model of the Afar plate boundary 
(Fig. 4). Speci!cally, plate extension is accom-
modated within the DMH, while south of it, in 
the central Afar rifts, strain rates and seismicity 
are consistent with linkage between the Gulf of 
Aden ridge and the southern Red Sea through a 
series of rift segments that connect to the DMH. 
Owing to the lack of any signi!cant strain rates 
or seismicity in Manda-Inakir and Moussa-Alli 
(Fig. 3), these areas are not the locus of the plate 
boundary at present, arguing against the broad 
zone of shear deformation required by bookshelf 
faulting models.

The central Afar rifts are deep, sediment-
!lled grabens bounded by normal faults that 
show normal faulting earthquakes. Seismicity, 
geodetic, and structural data indicate that the 
central Afar basins are in extension, and they 
lack the strike-slip faulting and block rotations 
predicted by bookshelf faulting. We conclude 

−5 0 5 10 15 20
10 −7

0 50
km

40˚E 41˚E 42˚E
11˚N

12˚N

13˚N

40˚E 41˚E 42˚E

0 5 10
10 −7/yr

ML1  2 3 4  5 ML1  2 3 4  5

/yrA B

0 50
km1

2

DMH

extension

shear 
zone

magmatic 
rift segment

extension
zone

Figure 4. Sketch of plate boundary with respect 
to stable Nubia. South of Dabbahu-Manda 
Hararo segment (DMH), fault orientations are 
consistent with two directions of extension, 
as shown by arrows 1 and 2. Earthquakes 
(white circles) are as in Figure 2B.

Figure 3. A: First invariant of hori-
zontal strain rate tensor (positive 
values are extension), normal 
faulting mechanisms (beach 
balls) from Craig et al. (2011), 
and local seismicity (circles), as 
in Figure 2B. B: Maximum shear 
strain rate, strike-slip faulting 
mechanisms (beach balls) from 
Kebede et al. (1989), Lépine and 
Hirn (1992), Craig et al. (2011), and 
Ebinger et al. (2008), and local 
seismicity (circles) as in Figure 
2B. White box marks a band of 
shear. Rift segment names are 
same as in Figure 1.
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publication of a series of papers on the propagation of rifting
in the gulfs of Aden and Tadjoura [Manighetti et al., 1997]
and into Afar [Manighetti et al., 1998], ending with a model
for the history of strain transfer between overlapping prop-
agating rifts [Manighetti et al., 2001a].
[3] Eruption of the Ethiopian traps about 30 Ma ago [e.g.,

Baker et al., 1972; Hofmann et al., 1997; Rochette et al.,
1998] facilitated breakup of Arabia and Africa [Courtillot et
al., 1999] and, after an initial phase of incipient breakup
along the East African rift and the Red Sea, the Gulf of
Aden rift propagated from the Indian ocean toward the area
weakened by the hot spot; it arrived on the Shukra-el-Sheik
discontinuity about 20 Ma ago, where it stalled for some 13
Ma (Figure 1, inset) [Manighetti et al., 1997; Audin, 1999].
In the mean time (!30–20 Ma), the Red Sea rift had
propagated toward the hot spot area. There, the lithosphere
was so softened that both rifts were unable to break it in a
clean-cut fashion; the Afar depression started to stretch
through both localized (disconnected rift segments) and
diffuse faulting, associated with magmatism. Two ‘‘micro-
plates,’’ the Danakil and Ali Sabieh blocks, were isolated
and the depression started opening (Figure 1). Since about 1
Ma, the Aden rift has localized along the western edge of
the Danakil block, where it has been propagating northward
in a series of discontinuous jumps. In the process, a large
size, growing overlap was formed (Figure 1) [e.g., Man-
ighetti, 1993; Audin, 1999; Manighetti et al., 1998, 2001a].
[4] Transient deformation in the growing overlap zone

occurred through distributed extensional faulting and rota-
tion of a small number of ‘‘miniblocks,’’ following a
bookshelf faulting mechanism (Figure 1) [Tapponnier et

al., 1990; Manighetti et al., 2001a, 2001b]. The strain
history can be accounted for in terms of rotations about
vertical axes of small rigid blocks, but since it is transient
these blocks can be defined only for a certain time span, on
the order of a few hundred thousand years [Manighetti et
al., 2001a]. Two recent phases of deformation, propagation,
and overlap have been identified: during the first phase,
fault-bounded blocks rotated and stretched. During this
time, westward and northward propagation continued,
establishing the Mak’arrasou transform zone and triggering
rifting in the Manda-Inakir rift (Figure 2). As a result, the
bookshelf mechanism propagated west.
[5] Rift formation and propagation were accompanied by

volcanism. The oldest formation, the Adolei basalts, is found
in the Ali-Sabieh region, at the current southern margin of
the depression and is dated at !27 Ma [Barberi et al., 1975;
Black et al., 1975]. This volcanic activity may have lasted
some "8 Myr [Deniel et al., 1994], and was followed from
!16 to!9 Ma by emplacement of the Mabla rhyolites [Varet
et al., 1975; Chessex et al., 1975]. A new basaltic phase
erupted!8 to!4 Ma ago, known as the Dahla basalts [Varet
and Gasse, 1978]. All of the above formations outcrop only
over limited surfaces near the edges of the depression.
[6] The most important formation is the 1–1.5 km thick

basaltic stratoid series which floors more than 2/3 of the
depression [Varet et al., 1975]. Conventional K-Ar dating
assigned it ages from 0.4 to 4.4 Ma [Barberi et al., 1972,
1975; Civetta et al., 1975; Chessex et al., 1975; Black et al.,
1975]. Further K-Ar and 40Ar-39Ar ages, restricted to the
southeastern part of the depression in the Republic of
Djibouti, were in a window from 1.3 to 2.2 Ma [Courtillot

Figure 2. Details of rift and block structure in Afar [Manighetti et al., 2001a], with rift segments (broad
gray lines), main faults, and an indication of individual block rotations measured from paleomagnetism in
the present and earlier studies.
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Immino graben. The true depth of these basins is likely more than these
estimates as they do not take into account non-planar fault geometry or
isostatic compensation.

Given how different fault length scaling laws are present in the areas
occupied by magmatic segments, it is plausible that the change from
power law to exponential distribution is indicative of the presence of
transitional crust. Additionally, these areas display large amounts of
extensional strain, which could be related to the transition to oceanic
crust. Alternatively, these areas of higher strain may also show more
double tip restricted faults, and longer composite fault zones. Since
fault scaling properties should be a product of the crustal properties and
the strain regime (Ackermann et al., 2001), variations in the thickness
and physical properties of the crust should affect the magnitude and
spatial distribution of scaling laws. Fig. 7 displays the fault length-
displacement relationship for six subpopulations within the central
Afar, which largely have consistent scaling exponents except for the
northernmost Wonji fault belt in southern Afar that has a larger scaling
exponent than the rest. One possible explanation for this is the differ-
ences in crustal thickness between southern Afar and central Afar.

The spatial arrangement of fault length scaling distributions appears
to follow trends that may correlate with bulk crustal properties and
crustal thickness. The areas that contain exponential distributions are
Tendaho graben and Manda Inakir. The crust for these areas are not
significantly thinner than elsewhere, where Tendaho graben ranges
from 15 to 20 km, while the rest of the central Afar is approximately
20–25 km (Dugda and Nyblade, 2006; Hammond et al., 2011; Reed
et al., 2014; Lewi et al., 2016). Some major differences for these areas
however lie within the thermal and density structure of the crust, as
well as the overall fracture density in the crust, which could affect
Young's modulus, Shear modulus, and Poisson's ratio. Such a difference
would likely affect how faults grow and propagate within the crust,
changing the fault scaling laws. VP/VS (and by proxy, Poisson's ratio) is
consistent across our area of analysis where measured (Dugda and
Nyblade, 2006; Hammond et al., 2011; Reed et al., 2014), but ob-
servations do not exist north of Immino graben. Even if Poisson's ratio is
consistent across the region, areas of high fracture density could have a
lower Young's modulus, affecting the growth of faults (Gudmundsson,
2004).

The distribution of strain evident in Fig. 9 indicates that high strain
is present outside of the Manda Inakir, Asal, and DMH magmatic seg-
ments. Strain is especially high around the southern end of Guma
graben, the Dobe–Hanle accommodation zone, and the vicinity of Im-
mino graben. This suggests that throughout the central Afar, a large
amount of the plate motion is accommodated by normal faulting out-
side of the magmatic segments. This suggests that a model combining

magmatic extension within the magmatic segments and distributed,
amagmatic extension elsewhere is most applicable for the central Afar
(Fig. 10). The areas of moderate-high strain within the amagmatic
portions of the central Afar may indicate where the Gulf of Aden rift
may propagate and eventually join up with the onshore propagation of
the Red Sea rift. The infinitesimal strain partitioning between magmatic
segments and the amagmatic central Afar can be quantified using the
fault scaling laws from this study along with neotectonic observations
of fault slip rates and the overall GPS plate velocity field. Such a study
can aid in the understanding of the kinematic evolution of the Afar
triple junction.

6. Conclusions

In order to constrain the scaling properties of faults to help char-
acterize the strain distribution of the central Afar, we mapped 8583
normal faults and performed a comprehensive statistical analysis. In
general, length of these faults follows a power law distribution of the
form = −N L 3.6, and throw scales proportional to length following a
power law with the form =T L0.031 0.96. Faults that are double-tip re-
stricted do not follow the power law scaling relationship, likely due in
part to an increased required stress to propagate the fault laterally,
while the required stress to accumulate displacement does not scale
proportionally. Additionally, large faults consist of numerous smaller
segments that are tip restricted, and behave as a segment of the larger
fault following this scaling law. Applying these scaling laws to large
composite faults, assuming planar faults with no isostatic compensa-
tion, suggests that Hanle graben has a basin depth of 1 km, while
Gaggade graben is 600m deep, Dobe graben is 300m deep, and Immino
graben is 700m deep.

While the bulk of faults in the central Afar follow a power law
distribution, examining subpopulations show that faults follow a power
law or exponential distribution depending on location. Power law dis-
tributions appear to be the most common form of distribution, while
exponential distributions are largely observed in Tendaho graben and
the vicinity of the Lake Asal and Manda Inakir magmatic segments. The
fault scaling laws from this study can be applied to determine the
complete amount of finite strain from Quaternary faulting in the central
Afar. Strain is greatest in Manda Inakir and is also high near Lake Asal,
the Dobe – Hanle accommodation zone, and parts of the Wonji Fault
Belt and the Tendaho – Goba'ad discontinuity. The Makarassou fault
zone generally shows lower amounts of strain, which suggests that it
does not serve as a kinematic linkage between the Manda Inakir mag-
matic segment and the Asal segment. It may instead be a breached
flexural downwarp following the model of Le Gall et al. (2011).

Fig. 10. Conceptual models for strain partitioning in
the Afar triple junction. (a) Magmatic segments are
in areas of high strain, while the central Afar is a
region of relatively homogenous low strain. The
Makarassou fault zone (MFZ) is interpreted to form a
kinematic linkage between Asal-Ghoubbet (AG) and
Manda Inakir (MI). (b) Zones of moderate strain in
the central Afar form nucleation points for the on-
shore propagation of the Gulf of Aden rift. The
Makarassou fault zone is a breached crustal flexure,
not a kinematic linkage. Arrow indicates potential
propagation of magmatic rifting.
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GPS velocity data

Figure 2: Velocity field of central Afar. A) GPS velocity data are depicted as white arrows
in a Nubia fixed reference frame with 95% confidence ellipses (Doubre et al., 2017). The
dashed black line shows the topographic profile (C - C’) shown in panel B. We project
all the GPS velocity vectors along the trend of C-C’ profile line. B) There is a sharp
increase in East velocity north of 12�N. Up to 10 mm/yr north velocity component is
accommodated south of 12 �N, north of which there is a linear velocity increase. The
topography profile runs from SE to NW. TG= Tendaho Graben, GATZ= Gammari-Allol
Tear zone, TGD= Tendaho-Gobbad Discontinuity, Im= Immino Graben; MI= Manda
Inakir, M’A= Makarrassou, Gu= Guma basin.
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deviation maps shown in Figure 3. The regions of high error in T087A, and the northern-287

most portion of T014A (see Figure S5), are a result of the shorter time series length in288

these regions producing more uncertainty in the long-term velocity estimates. Elsewhere,289

errors of up to ± 5 mm/yr are likely due to uncorrected atmospheric delays, and arte-290

facts over track boundaries, where we are unable to account for small LOS velocity vari-291

ations between overlapping tracks.292

Profiles taken across the rift highlight the focussing of extension in Afar. Profiles293

covering the Alid graben, at northern-most tip of the Afar rift (Figures 4B and 5B), show294

that a broad uplift and extensional signal of up to ⇠ 20 mm/yr is centred within ± 10-295

15 km of the rift axis. This may be indicative of deep magmatic intrusion in an area with296

the smallest background extension rates throughout Afar, but comparable to extension297

rates at the active volcanic islands at the southern end of the oceanic RSR (Eyles et al.,298

2018). Profiles traversing the EAVS in the Danakil Depression (Figures 4C and 5C) high-299

light that the majority of extension here is focussed into a region within ± 15-20 km of300

the rift axis. We also observe subsidence on the EAVS between the Erta ’Ale and Alu301

Figure 3. Vertical, rift-perpendicular, and rift-parallel average velocities and standard devia-

tion over the Afar region between November 2014 and August 2019. All velocities are referenced

to a stable Nubian plate. Vertical velocities are positive upwards, rift-perpendicular velocities are

positive to the NE (61 N), and rift-parallel velocities are positive to the NW (-29 N). Standard

deviation colour-scale is limited to 5 mm/yr to highlight variation in regions of low variance.

Maximum standard deviations are (2 s.f.): 7.2 mm/yr (vertical), 9.5 mm/yr (rift-perpendicular),

and 1.7 mm/yr (rift-parallel). GNSS stations are shown as circles with GNSS velocities on the

same colour-scale as the InSAR velocities, and volcanic segments as black outlines.
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Deformation rates

Figure 3: Smoothed Maximum shear strain (A), rotation (B), and dilatation (C) rates
in the central Afar. The white diamonds show the location of the GPS sites (Fig. 2).
Maximum values of shear strain rates occur at ASAL and DMH areas, in agreement with
geophysical monitoring studies. No deformation localisation occurs at the region between
ASAL and DMH rifts. B) Rotation rate in the central Afar. Rotation rate below and
above zero are considered in counter-clockwise and clockwise directions, respectively. Ex-
cept the areas west of Ali Sabieh block and south of MI, which are a↵ected by small
amount of counter-clockwise rotation (<3 �/Myr), the whole central Afar is characterised
by clockwise rotation of crustal blocks. C) Dilatation rate map of the central Afar. Neg-
ative values indicate compression and positive values indicate extension. D) Extension
(red) and compression (green) axes in the central Afar. In general, the extension axes are
perpendicular to the faults except at south of MI and the M’A areas where the extension
axes are parallel to the faults. The earthquake focal mechanisms are taken from Craig et
al. (2011, and references therein)
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Transform fault

Figure 5: A) Fault-parallel velocity to a strike-slip fault oriented ⇠E-W located at the
southern tip of DMH (thick black line) vs fault perpendicular distance calculated with 40
mm/yr opening rate and a range of reasonable locking depths in the central Afar. Small
filled green triangles and horizontal bars indicate the observed velocities and uncertainties,
respectively. (B) Maximum shear strain rate (same as Fig. 3). The four N-S profile lines
cross the strike-slip fault at the southern tip of the DMH segment. The magnitude of
maximum shear strain rates along the lines are shown in (C). (C) The maximum shear
strain rates are compared with that of calculated with 2D elastic dislocation model for
locking depths of 10, 13, 15, and 18 km. 17

b = (V/𝞹)arctan(x/D)  

At the location of the fault is given by 

Maxshear sr = V/𝞹*D 

2D elastic dislocation model 
(Savage and Burford, 1973)



Conclusion
• Deformation in central Afar is accommodated by a combination of mechanisms 

involving transform fault, block rotation and opening of normal fault bounded grabens.

Figure 6: Schematic diagram showing the strain accommodation mechanisms between
DMH and ASAL segments in central Afar (gray zone). Deformation is taken up by en-
echelon normal fault bounded basins (focal mechanism near GATZ), strike-slip faulting
(at the southern tip of the DMH segment) and rotation of crustal blocks about a vertical
axis. The curved red arrows indicate the GPS-derived sense of rotation of the crustal
blocks. The red arrow heads show direction and relative magnitude of rift perpendicular
extension.
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