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Abstract The Red Sea is a maritime rift. Tsunamigenic submarine landslides are common in these deep,
steep-sided, and seismically active basins. Because the rift is narrow, tsunami formed on one margin dissipate
little before impacting the opposite side. Red Sea slope failures are therefore especially hazardous. We examine
the tsunamigenic potential of an incipient landslide in the Tiran Straits that started, but then stopped after

a short distance. Radiometric and biotic analyses fix the age of this landslide to within the last 500 years.
Tsunami modeling of the incipient slide predicts ~10 m wave heights on the Egyptian coastline. Of present
concern is that the slope will eventually slide to completion with even more hazardous results. Tsunami
simulated for this future event are twice as large as that generated by the incipient slide, so the threat posed by a
future slide is consequential. Sharm El Sheikh, an Egyptian resort town now lies in its path, as does “The Line,”
a vast Saudi infrastructure project. This study warns of credible tsunami risk in the rapidly urbanizing Tiran
Straits.

Plain Language Summary We present the discovery of an incipient submarine landslide in the
Tiran Straits. Our study reveals how even incipient submarine landslides can spawn tsunami as tall as those
from M, = 9 earthquakes, at least locally. Incipient failures also carry the dual threat of eventually sliding to
completion, yielding still larger tsunami sometime in the future. Should this incipient slide complete, it will
gravely threaten the rapidly urbanizing coastline of the Tiran Straits and adjacent Gulf of Aqaba.

1. Introduction

The Tiran Straits separate the Gulf of Aqaba from the Red Sea. Their tectonic configuration is characterized by the
Dead Sea Transform (DST) fault system (Augustin et al., 2021; Ben-Avraham, 1985; Ben-Avraham et al., 1979;
Garfunkel, 2014; Ribot et al., 2021; Figure 1). The Tiran Straits are seismically active (Figure 2a) and at risk of
tsunami generated both by coseismic seabed deformation and submarine sliding of the thick seabed accumulations
of aeolian dust, biogenic carbonates, and siliciclastic sediments deposited during episodic flashfloods from the
numerous ephemeral rivers (wadis) distributed along the coasts (Katz et al., 2015). Much focus has been placed
on the 1995 Nuweiba earthquake (M, = 7.1) that occurred along the DST fault system (Abdel-Fattah et al., 1997,
Baer et al., 1999; Klinger et al., 1999; Tibor et al., 2010), generating a modest tsunami (Frucht et al., 2019). The
1969 Shadwan earthquake (M, = 6.8) was also likely tsunamigenic (Ben-Menahem, 1991). Evidence from Eilat
alludes to a major tsunami dating to 2.3 ka BP (Goodman Tchernov et al., 2016; Shaked et al., 2004) and deposits
on the Egyptian coast have been proposed as tsunamigenic (Salem, 2009), though their timing is equivocal.

By virtue of a pair of huge Saudi infrastructure projects, understanding tsunami risk in the Straits has gained ur-
gency. Of these, the first is the King Salman Bridge which, if built, will span the Straits via Tiran Island, linking
Egypt and Saudi Arabia. The second project is a smart city, “The Line,” which has moved from the drawing board
to construction in Saudi's Neom area, abutting the Straits. Among a raft of ambitious firsts, Neom, will become a
global center for hydrogen production. Finally, the Egyptian resort town of Sharm El Sheikh sits on a promontory
overlooking the Straits.
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This study builds on the discovery of a pronounced scarp on the eastern margin of the Straits during a submersi-
ble dive conducted as part of the 2020 OceanX-Neom expedition (Figures 1 and 2). Limited faunal colonization
of the scarp, as compared to the adjacent seabed, suggests the feature to be geologically recent. Our aims are
twofold. First, to decipher the provenance of this scarp. Second, to evaluate the tsunami hazard wrought by the
processes that created it.

2. Materials and Methods

We compile a comprehensive geophysical data set spanning the northern Red Sea and Gulf of Aqaba. These
data were acquired in 2020 with OceanX and full details are available in Supporting Information S1. Two cases
of complete margin failure situate <5 km to the north of the incipient scarp (Figures 1 and 2). As developed in
Supporting Information S1, both failures likely date to the Holocene, thereby confirming that this sector of the
shelf is prone to collapse. Quantitative analysis of the biota colonizing the incipient scarp was accomplished by
examining videos captured during submersible dives. These data were assembled to diagnose whether the incipi-
ent scarp was created by a single large event and to estimate the elapsed “time of exposure” since it formed. The
specifics of these analyses are captured in Supporting Information S1. Timing of the incipient failure was con-
strained using '“C and U-series dating of the coral framework and lithified (compacted and cemented) sediments
which constitute the scarp face (Figure 3). Full details on sample preparation and radiometric dating are provided
in Supporting Information S1.

Simulations of the incipient and full submarine landslides were accomplished using the Tsunami Squares method
(Wang et al., 2015, 2019; Xiao et al., 2015). For these models, the map boundaries of landslide-source material
follow the 6 km-long trace of the observed scarp at the top, and extend directly down slope to a water depth of
650 m (Figure 2b). The bottom of the slide mass is fixed by a curved and sloping basal surface. At the toe of the
slide, the basal surface cuts the slope face obliquely. At the head of the slide, the basal surface becomes nearly
vertical and intersects the observed scarp (Figure 4). The target depth to the basal surface was set to 50 m or
100 m. In all cases, the initial landslide-source area covered 4.70 km?, but with source volumes of either 0.26 km?
or 0.52 km?. A more detailed description of the tsunami model setup is given in Supporting Information S1.

3. Results and Discussion
3.1. Physical Characteristics of the Scarp

The top of the scarp situates at 90 m water depth, within the mesophotic zone (Kahng et al., 2019). This feature
is 6 km long and averages a height of 8 m. The slope on which the scarp is located drops away at an angle of
>30° into the Tiran Deep to a water depth of 1,200 m. The base of the slope in this area is demarked by the sin-
istral strike-slip Tiran fault (Figure 2), emphasizing the potential for seismicity. The scarp breaks a gently sloped
seabed colonized by a heterogeneous community of hermatypic stony-corals of the genus Leproseris, whip-like
black corals of the genus Cirripathes, and fan-like black corals tentatively assigned to the family Aphanipathi-
dae, as well as a suite of octocorals including Parisis sp., Acanthogorgia sp., Acanthomuricea sp., Keroeides
sp., Acabaria spp. (Figure S1 in Supporting Information S1). The scarp face, by contrast, is sparsely colonized
by a low-diversity assemblage dominated by fan-like colonies of Acanthogorgia sp. and Aphanipathidae, with
occasional small Leptoseris sp.

3.2. The Scarp Is an Incipient Slide, Not an Earthquake Fault

The scarp that we found could have been created in two ways. The first is by earthquake faulting. The second is
by incipient (partial) margin failure, a submarine landslide. We consider the merits of both mechanisms, starting
with faulting.

The geometry of the scarp could be compatible with the rupture of a SE-dipping reverse fault. Reverse faulting,
however, is uncharacteristic of the Red Sea rift and, in particular, of the strike-slip displacement of the Tiran
fault, which bounds the base of the slope on which the scarp situates (Figure 2). More reasonably, the scarp might
be attributed to displacement along a NW-dipping normal fault that has experienced footwall uplift (Bosworth
et al., 2017; Wawrzyniec et al., 2001; Yielding & Roberts, 1992). Normal faulting of this type serves to uplift
Tiran Island, consistent with the discovery of a horst underlying the Straits (Mart et al., 2018).
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Figure 1. Location of the study area in the Tiran Straits, tectonic setting, and bathymetry: The strike-slip Dead Sea
Transform (DST) fault system (white dot-dash line in b) runs along the axis of the Straits and is composed of several
systematically offset, overlapping, left-lateral transform faults. Local infrastructure includes the Egyptian town of Sharm El
Sheikh (approx. city limits, hatched polygon in a and b), and planned construction of “The Line,” a 170 km-long east-west-
trending city (hatched rectangle in b), and the King Salman Bridge Project which would straddle Tiran Island (blue line in
a-b, position approximate). (c) Multibeam bathymetry created by merging data from Ribot et al. (2021), west of the broken
white line in (c), with that acquired by OceanX (east of broken white line). (d) Enlarges the bathymetry offshore Sharm

El Sheikh including the location of the scarp face and two instances of slope failure to the north of it, recognized by the
paired occurrences of scallop “bite” marks in the eastern margin of the Straits with mass-transport complexes (delimited by
broken white lines) lying outboard of them on the abyssal plain of the Tiran Deep. Submersible dive (black asterisk) on the
southernmost complex confirmed abundant breccia blocks. Margin-perpendicular furrows are evident on areas of the slope
that have failed, likely excavated by cascading density currents. To the northeast of the two paleo-slope failures, canyon heads
at the shelf break have been fed by wadis during sea-level lowstands, delivering substantial deposits to the abyssal plain.

If a single event created the scarp, as the uniformly scant biotic colonization of its face intimates, ascribing its
formation to one faulting episode flaunts a fundamental scaling law of earthquake rupture. Rupture area scales
with average coseismic displacement according to a power law (Thingbaijam et al., 2017), dictating that displace-
ments measured in meters associate with fault areas of thousands of square kilometers. If the scarp is indeed an
earthquake rupture, to have an average displacement of 8 m, as measured in the field, that rupture should be asso-
ciated with a fault area of ~10,000 sq. km. This is more than 3X the area of the entire Gulf of Aqaba and therefore
untenable. Further, if the scarp indeed charts a normal fault, it would be at right angles to the faults mapped
adjacent to Tiran Island (Goldberg & Beyth, 1991) which lie <1 km away (Figure 2a). An unlikely configuration
and further evidence that the scarp is not from an earthquake rupture.

A more reasonable interpretation may be that the scarp scar resulted from an incipient submarine landslide that
started but stopped after a short distance. This interpretation is supported by the fact that the margin situated
just to the north of the scarp displays two characteristic scallop “bite” marks of catastrophic slope failure (Fig-
ures 1d and 2). Outboard of these scallops, features consistent with mass-transport complexes are visible in the
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Figure 2. Seismotectonic setting of the Tiran Straits and southern Gulf of Agaba: (a) Shows the main active faults in the
vicinity of the Straits (modified from Goldberg & Beyth, 1991 and from Ribot et al., 2021) and M, > 2 earthquakes for the

w =

period 1970-2021 (U.S. Geological Survey). Strike-slip faults are in red. Both the Tiran and Arnona faults are part of the
strike-slip Dead Sea Transform (DST) fault system (Figure 1b). Normal faults are in cyan. The area in the white polygon is
shown in three dimensions in (b). Here, vertical exaggeration is X2.5 and the observer is looking from the northeast, along the
Saudi margin of the Gulf of Aqaba, toward the Straits. The scarp face (broken white line) situates immediately adjacent to a
scallop which demarks a previous margin failure. We interpret the slide mass from the incipient failure which generated the
scarp to extend down-slope to a water depth of 650 m. The toe-of-slope beneath this mass is at 850 m depth and bounded by
the Tiran fault.

multibeam data, where material shed from the failed margin has accumulated in the abyssal Tiran Deep. A sub-
mersible dive conducted on one complex (asterisk, Figure 1d) confirmed abundant slope-derived “mega” breccia
blocks at 950 m depth. These observations imply that the margin where the scarp is located is prone to failure.

Examination of the multibeam data in a sequence-stratigraphic context allows the age of these previous failures
to be estimated. Absent from both slides are the canyon heads and wadi deposits which characterize the rest of
the shelf (Figure 1d), indicating that these failures occurred after the last lowstand, at 19 kyr BP. Meanwhile,
the failure scars have been furrowed by cascading density currents (Figures 1d and 2b), which can only activate
once the lagoon inboard of these slides, the Marsa ‘Arishat ar Rashandi, was flooded by a sea-level highstand.
These observations imply that the two margin failures date to the Holocene. Additional detail in Supporting
Information S1.

3.3. The Incipient Slide Occurred Recently as a Single Event

The lack of diversity for the live coral inhabiting the scarp's face advocates that it is ecologically young. The scarp
hosts only two dominant coral taxa whereas the surrounding seabed is colonized by > 10 taxa (Figures 3a-3c and
Figure S1 in Supporting Information S1). Further, the coral community densities on the upper and lower scarp
(defined as spanning water depths of 90-94 m and 94-98 m, respectively) are not statistically different (p > 0.05;
Figure 3d), indicating that the scarp took shape rapidly by a single event.

To further constrain its timing of formation, seven rock samples were collected along a vertical transect of the
scarp face, from its base to top (Figure 3). For full details, see Supporting Information S1. Of these, pristine coral
skeletons could be unequivocally identified in three samples. Representative occurrences of the sediments, now
lithified, that infilled the coral framework were targeted in the remaining four samples. '“C dates for the sampled
coral skeletons span 2,888-1,558 years. BP. Considering the young ecological age of the scarp established by
its biota, which is lacking in number and variety of species, we assume that these coral skeletons comprise the
original seabed which was broken by the slide. Hence, the slide must be younger than 1,558 years. BP. The lithi-
fied sediments that infilled the skeletons dated between 916 and 334 years. BP. For these, it is noteworthy that all
the ages, bar the oldest (916 years), overlap at 2 sigma, emphasizing the possibility that the three ages spanning
536-334 years represent the spread produced by three measurements on material of the same age. This raises the
prospect that the three youngest ages are dating an event at ~400-500 years. BP that removed any older matrix
from the scarp face, as could plausibly have been affected by the pressure variations associated with the slide
and likely tsunami. The voids created by this loss of matrix were subsequently infilled by younger material in the
upper section of the scarp, which constitute the lithified sediments which we retrieved and dated. The survival of
lithified sediment at greater depth (i.e., the 916 years date lower in the exposed section) might be explained by a

PURKIS ET AL.

4 of 10



~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

Geophysical Research Letters 10.1029/2021GL097493

(2]
~—

0m
[ID#1] e 14¢ Coral

. [#2] - ;
A 3341146 yrs. BP 436+ 134 yrs. BP A °C Lithified sediment

536+ 114 yrs.BP  [#5] A
[#3] A ® 1,558 + 153 yrs. BP

o=

12,888+ 153 yrs. BP

(J e
2,825+ 141yrs.BRT 1y
[#6]

Upper scarp

[#41935 +150 yrs. BP
Im—

d) coral density (colonies m?) . ,
0246 8101214161820 o N, 34480°F
I

Upper scarp

SE (down:slope) o

Lower scarp

Figure 3. Radiocarbon dates and distribution of biota on the scarp face: (a and b) Representative photographs of the scarp. In
both cases, the sub is facing southeast, into the scarp, toward Tiran Island. The abyssal depths of the Tiran Deep are therefore
aft of the sub in these photographs. (a) Emphasizes that the scarp has both a vertical and lateral offset, which at this location
measures 8 and 3 m, respectively. Panel (b) was acquired ~50 m back from the scarp and shows a location where the vertical
offset attains 12 m, approaching the maximum vertical offset of 15 m encountered along the 6 km strike of the feature. (c)
Either corals, or the (now lithified) sediments infilling their skeletons, were isolated from each rock sample extracted from
the scarp and '“C dated. Ages calibrated to calendar years BP (before present) with 2 sigma error reported. Sample IDs in
square brackets reference Table S1 in Supporting Information S1. Corals range in age from 2,888 years to 1,558 years. BP.
Lithified sediments are younger, ranging from 916 years to 334 years. BP. White line divides the scarp into upper (90-94 m
water depth) and lower (94-98 m) units where mean density (+std) of coral colonies was quantified (d). The densities are not
significantly different (p > 0.05), implying the scarp was created swiftly by a single event.

threshold in diagenesis causing older matrix sediment, deeper in the pre-landslide sequence, to be more resistant
to excavation during the incipient landslide. Adopting this model, we interpret the meagre biotic diversity of the
scarp and '*C dating to imply that the incipient slide occurred within the last 500 years.

3.4. Even a Minor Slide Can Pose a Major Risk

We computed submarine landslides and parented tsunami using the Tsunami Squares method (Wang
et al., 2015, 2019; Xiao et al., 2015; see Supporting Information S1). In the same vein as Sun and Leslie (2020),
for the incipient slide, we assume that the entire slide mass, with the 50 m basal surface depth, began to move
down slope briefly but then got hung up for some reason (Figure 4a). In 9 s, the incipient slide moved 35 m
horizontally and 12 m vertically with a top speed of 7.3 m/s. This movement, hardly visible in Figure 4a, would
have been enough to pull away down-slope material from the near-vertical basal surface at the slide head and
create the scale of the observed scarp (Figure 3). The horizontal profile in Figure 4a plots the change in seafloor
topography resulting from this slide. The sharp face of the newly formed head scarp (~10 m high) shows clearly
there, as does the broader-scale uplift at the slide toe. Even though the incipient slide moved downslope just
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Figure 4. Setup of landslide simulations: Inset shows plan-view of the initial-slide mass (white polygon) and transect X to X’
spanning the Tiran Straits along which the cross sections of the three model configurations are developed. (a) Incipient slide
with 50 m basal surface, (b) full slide with 50 m basal surface, and (c) full slide with a 100 m basal surface. In the pre-slide
configurations, the top of the slide situates at 90 m water depth, the bottom at 650 m, and plan-view area is 4.70 km2. The
post-slide configuration shows the distance moved by the slide in x-y-z space (d-east, d-north, and d-down, respectively), the
volume of the slide (Vol.), the maximum velocity reached (V__ ), and duration of the slide. Horizontal profiles at top of the

max-
three post-slide panels trace the difference between post- and pre-slide topography of the seabed. Negative deviation of trace
indicates a drop in seabed elevation (erosion). Positive deviation depicts a rise (deposition).

30 m, its tsunami was consequential. A 6 m-high wave impacted Sharm El Sheikh after 1 min and 30 s (T = 1:30;
Figure 5a). 10 m waves reached Mousa Bay by 7 = 2:50 (Figure 5b) and similarly sized waves beached on the
Saudi coast by T’ = 4:20 (Figure 5c).

Beyond retro-casting the tsunami from the incipient slide, we also forecast tsunami from two future scenarios
where the incipient landslide runs to completion in a manner comparable to the styles of paleo-slides that we see
just to the north. In these simulations, slide material moved down-slope for over 2 min, translating about 2,000 m
horizontally and 300400 m vertically. The only difference between these two cases is the depth to basal surface,
50 m in Figure 4b and 100 m in Figure 4c. Mass transport is now sufficient to expose the basal surfaces and cre-
ate huge head scarps 50 and 100 m high. We feel that 50-100 m basal surface depths bracket the likely scale of
landslide behaviors here, in line with analogous studies (Schnyder et al., 2016; Sun & Leslie, 2020).

Both cases evolve similarly with the first impacts at Sharm by 7 = 1:30. The simulation predicts wave heights at
the coast of 21 and 35 m for the 50 m and 100-m-thick slides (Figures 5d—5f and 5g—5i). By T = 2:50, Mousa Bay
experiences 30 and 45 m waves, for the two cases. By this time, waves have propagated ~1 km inboard of Sharm's
coastline. Saudi is again impacted at 7' = 4:20. Maximum wave heights taper down here but remain substantial
(10 m at Ras Gasabah for the best-case scenario, 15 m for the worst case). We project comparably sized waves to
enter the Marsa ‘Arishat ar Rashandi at this time (location, see Figure 1d).

Conspicuous in all simulations is how the bathymetry of the Straits confines and directs the tsunami. The wide
and deep water to the north allows the wavefront to progress unhindered up the Gulf of Aqaba. To the south, the
narrow and shallow Straits restrict wave entry into the Red Sea.

One surprising result of the simulations is that the wave generated by the incipient slide, that lasted merely
seconds and covered only 30 m, is just 2.5% smaller than the wave generated by the slide going to completion
in 2 min and covering 2 km. So, increasing slip distance and duration by one order of magnitude only serves to
double wave height. The incipient slide generates such a large wave relative to that of the full slide because most
of the tsunami is generated at the beginning of the landslide, in shallow water. As emphasized in the animations
(Supporting Information S1), whereas the complete margin collapse plays out over a duration of 2 min, the first
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Figure 5. Tsunami simulations for the incipient slope failure and its future slide to completion: For each scenario, wave
propagation shown at 7 = 1:30, 2:50, and 4:20 and color scale depicts max wave heights at the coast. (a—c), Simulates the
incipient slope failure which yields a peak wave height of 10 m in Mousa Bay (Egypt) and at 11 m on the Saudi coastline

of Tiran Island. Simulated next is the incipient failure sliding to completion with a depth to the basal surface of the slide set
to 50 m (d—f) and the less conservative case of 100 m (g—i). Wave heights peak in Mousa Bay at 30 m for the 50 m-thick
slide and 45 m for the 100 m-thick slide. In both cases, the impact of the wave is concentrated on the waterfront of Sharm El
Sheikh by T = 1:30. Red line in (d—i) denotes position of the coastline prior to inundation. The wave inundates >1 km inland
at Sharm EI Sheikh by 7' = 2:50. The wave generated by the full slide reaches the Saudi coastline by T = 4:20, with peak
heights exceeding 10 m for basal depths of both 50 and 100 m. Animations as Suporting Information S1.

20 seconds of sliding holds disproportionate sway over wave size. During this time, the slide has only moved
1/5th of the way down slope, but the wavefront already traveled halfway across the Straits. This behavior explains
why even the incipient slide had a substantial impact on the Egyptian coastline (Figures Sa—5c).

With radiometric dating pinning scarp formation within the last 500 years, it is curious that a 10 m-high tsunami
escaped note in the historical record. It cannot be due to wave size, even the largest earthquakes on Earth rarely
generate tsunami 10-m high. More likely, the tsunami went unnoticed because it was not associated with an
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earthquake. Also relevant is the typically limited spatial extent of landslide tsunami, which emanate from a small
point source, versus earthquake tsunami, which radiate from long rupture lines. In this way, the largest quakes on
Earth suffer coastlines with inundations over hundreds or thousands of kilometers. Since the Tiran Straits are so
narrow, the landslide waves in this study inflicted coastlines spanning just tens of kilometers (Figure 5). Even the
main population center today, Sharm El Sheikh, where the brunt of the tsunami inundated the coastline, was little
more than an occasional base of operations for local fishermen prior to the 1970s. In antiquity, the settlement of
Sharm was situated right at the southern end of the modern city, outside the Straits, and therefore not in the most
impacted area. Hence, the lack of a historical record is understandable. We anticipate that geological evidence
on land has also been erased by the construction of the modern city of Sharm, though it should be pursued with
coring.

We recognize that the incipient slide which we have discovered in the Tiran Straits is only one component of the
overall tsunami hazard in the region. Movement of the normal faults bounding the three deep basins that form the
Gulf of Agaba is well poised to be tsunamigenic (Ben-Avraham et al., 1979; Salamon et al., 2021), as is the slip of
any of the faults that comprise the DST system (Frucht et al., 2019). Neither are steep submarine slopes restricted
to the east side of the Straits. The slopes offshore Sharm El Sheikh, for instance, are equally steep (Figure 1b)
and doubtless also at risk of failure, thereby posing an equivalent hazard to the Saudi coast of the Gulf of Aqaba
as we simulate for the Egyptian coast.

Ultimately, our model suggests that even incipient landslides, like the one we discovered, can spawn tsunami as
tall as those from M, = 9 earthquakes, at least locally. Incipient failures also carry the dual threat of eventually
sliding to completion, yielding still larger tsunami sometime in the future.

3.5. Uncertainty and Limitations

Our simulations predict that a complete margin collapse along the full breadth of the scarp has the potential to
yield a catastrophic tsunami. With all else fixed, simulations confirm that wave size is more-or-less proportional
to landslide thickness. Herein lies one uncertainty. First, the depth to the basal surface of the slide (which dictates
its thickness) cannot be known without coring or seismic imaging. We select basal surface depths of 50 m as
the moderate case and 100 m as the worst case. Both selections see substantial waves impact Egypt and Saudi.
Halving the landslide thickness decreases wave heights at the coast by approximately one third. Therefore, the
hazard uncertainty posed by shallower or deeper selections of basal surface depth can be appraised. Depth to
basal surface would have to be set to 400 m to deliver a margin scallop equivalent to that of the complete failure
that has already occurred immediately to the north (Figure 2b). Though within the realm of possibility, we deem
a slide of such extreme magnitude unlikely for a single event.

A second unknown is the depth downslope to where the margin will fail. Based on the extent of the two older fail-
ures to the north of our scarp, we set this depth to be 650 m (Figure 2b), but this could be shallower or deeper (the
toe-of-slope is at 850 m water depth and bounded by the Tiran fault). Our analysis suggests the 6-km-long scarp
formed quickly in one episode. The simulations extrapolated this information to the full failure case by letting
the slope fail simultaneously and completely along the entirety of the scarp. Such a comprehensive failure is not
guaranteed. Reduction in landslide width translates to a reduction in volume and a smaller and narrower zone of
tsunami impact. Framed by these uncertainties, while we consider the range of simulations presented as credible,
alternative paths exist in the way a future collapse might proceed, each with different tsunamigenic potential.

3.6. The Risk Is High When the Rift Is Narrow

Reef slopes often collapse, as attested to by the ubiquitous failure scars that adorn the flanks of carbonate shelves
and platforms globally, for example, Schnyder et al. (2016). The high propensity for failure stems directly from
the fact that carbonate-depositional environments build steep slopes rapidly (Kenter, 1990; Schlager & Cam-
ber, 1986). Aggrading swiftly, these slopes tend to be poorly cemented and prone to gravitational instability. This
tendency is further amplified by diagenetic heterogeneity wrought by high-amplitude glacial sea-level oscilla-
tions. Hence, on geological timescales, slope failures of sufficient magnitude to generate tsunami are common.
Given that landslide tsunami radiate most strongly downslope, away from shore, their hazard is somewhat dimin-
ished by the long distances that the wave usually travels prior to impacting a coastline. The Bahamian carbonate
platforms provide a case in point (Schnyder et al., 2016). A 9-km-wide submarine landslide on western Great
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Bahama Bank generates an initial wave height of 6.2 m, but this diminishes to 1.5 m by the time it reaches Florida
100 km away. By contrast, tsunami hazard is amplified in rift basins for several reasons. First, if situated in the
reef belt, carbonates accumulate prodigiously and precariously on the rift margins (Purkis et al., 2010, 2012).
Second, deep rift basins develop exceptionally steep slopes (>30° in this area, Figure 2b). Third, rifts are tecton-
ically active. Strong earthquakes can trigger slope failures. Finally, rift basins are narrow. Once a tsunami starts,
it has little opportunity to attenuate before impacting the opposite coast (Goodman Tchernov et al., 2016). This
last fact makes the present case so worrying. The urban center of Sharm El Sheikh is situated only 4.5 km from
the anticipated point of slope failure on the opposite side of the Gulf. Arriving at Sharm in just over 1 min, such
a wave event would leave little option for early warning. Whereas, earthquake shaking might be construed as a
warning, there is no guarantee that slope failure will not be triggered by gravity alone.

4. Conclusions

Rapid urbanization of the Egyptian and Saudi Arabian coastlines of the Gulf of Aqaba necessitates recognition
of the tsunami hazard presented by slope failures in the Tiran Straits. We have identified an area with potential
for downslope failure in the Straits which would result in a potentially devastating tsunami should it slide to com-
pletion. Our model predicts that the incipient (stalled) slide would have generated a tsunami with wave heights
up to 10 m at the coast, while a complete slide has the potential to yield waves more than double that height. The
steep margins of the Straits are inherently unstable due to the combination of pervasive seismicity and aseismic
tectonic activity, coupled with ongoing sediment accumulation from flashfloods and the breakdown of coral
reefs. Tsunamis generated from these slope failures will make landfall quickly, with little time for evacuation or
response; making efforts to raise awareness and establish coastal management and disaster plans for purposes of
mitigating loss-of-life a high priority.
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