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The fans are constructed by material eroded in the hinterland of the Sinai Peninsula and
transported through major wadis to the coastline. Parts of the sediments are deposited as
subaerial alluvial fans but the larger part of the sediments enter the sea. The submarine
slope angles are relatively large and attain average angles of 16° in the steepest parts but
the shallower parts usually have average slopes of 7-11° (Ben-Avraham et al., 1979); the
submarine prolongations of the alluvial fans are therefore unstable. Sediment
transportation typically occurs along the submarine canyons and as individual slides and
slumps. Several individual slides and slumps were identified in submarine fans of the Gulf
of Agaba, but the size of these mass wasting events is relatively small. The submarine
canyons provide direct pathways for sediments and particle dispersal from the coast to the
more distal parts of the fans. We are not able to identify any lobes, but we assume that
relatively coarse material is concentrated at the end of the canyons, though this assumption
remains speculative without additional data such as sidescan sonar images or sea floor
samples. Oversteepened canyon walls are also a preferred location for sediment slumps
and slides. The widening of the canyons by such mass movement is another important
process for sediment transport in the submarine prolongations of alluvial fans.

In summary, we consider the canyons to play a key role for sediment transport in the
submarine fans in the Gulf of Aqaba. Sediment transport mainly characterizes the
evolution of all the fans. The formation of the canyons is, therefore, of highest significance

for the evolution of the submarine prolongations of alluvial fans in the Gulf of Aqaba.

4.6 Conclusions

The submarine prolongations of alluvial fans in the Gulf of Aqgaba are dissected by
numerous V-shaped and few U-shaped canyons. The most important factor for the
initiation and evolution of these canyons is an interaction of tectonics and sedimentary
processes. Graben faults form zones of weakness, which in turn are forming proto-
canyons. These proto-canyons are the preferred pathways for subsequent sediment mass
flows, which develop in the wadis in rainy seasons and enter the sea. The sediment mass
flows deepen and widen possible proto-canyons, but with the buildup of the sediment fan,
other transport mechanisms driven by mass flows along maximum slope gradients, cause
additional canyons to develop, resulting in an overlap of a radial distribution of canyons
with linear trends of tectonic origin. Oversteepened canyon walls may cause slides/slumps
and occasionally convert the cross-section of the canyons into an U-shape. The erosional

power of the sediment-laden streams, developing in the wadis, is highest during periods of
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wet climate and sea level low stands. The submarine canyons provide direct pathways for
sediments and particle dispersal from the coast to the more distal parts of the fans, hence
playing an important role during the evolution of the submarine prolongations of alluvial

fans in the Gulf of Agaba.
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5. Final conclusions and future perspectives
5.1 Final conclusions
The seismic and hydroacoustic data analyzed in this thesis document the first detailed
study of the main processes that control the formation of the submarine prolongations of
alluvial fans in the Gulf of Agaba. The fans are fed by wadis, which transport eroded
sediments from the Sinai Peninsula to the coast during sporadic rainy seasons or during
periods of wetter climate. The confined channel flows expand as they leave the wadis and
then gradually build the alluvial fans. Most of the sediments, however, enter the sea and
construct the submarine prolongations of the alluvial fans. The sediments of the submarine
prolongations of the alluvial fans mainly consist of coarse gravels and sands. The grain
size decreases with increasing distance from the coast. Unchannelized and channelized
transport of terrigenuous material is of equal importance for the buildup of the fan.
Sediments transported by unchannelized flows were mainly deposited at the upper fan,
while channelized flow brings significant amounts of fine and coarse sediments into the
deeper fan. The channelized flows travel through several large canyons which are carved
into the submarine fans. The canyons are formed by the interaction of tectonic and
submarine erosional processes. Several small slumps and slides were identified all over the
fan, which are most likely the results of the infrequent, but rapid, sediment loading and
earthquake activity.

The main conclusions of this thesis can be summarized as follows:

(1) Submarine prolongations of alluvial fans in the Gulf of Aqaba are formed at the
mouths of major wadis which deliver their deposits from eroded basement and
sedimentary rocks of the Sinai Peninsula into the sea. Newly acquired seismic,
sediment echosounder, and bathymetric data provided a detailed picture of the
morphology and sedimentary structures of Wadi Watir, Wadi Dahab, and Ras El
Burka submarine fans for the first time.

(2) Bathymetric data show that the fans extend to water depths greater than 1000 m. Slope
angles in the proximal fans are large exceeding 5°. The varying volumes of the fans
between <5 km® and ~15 km’ are a direct result of the different sizes of the
corresponding catchment area.

(3) Numerous deep canyons constitute the most prominent morphological features of the
fans. The canyons are mainly characterized by steep V-shaped cross-sections. A few

isolated canyons have an U-shaped cross-section. The canyons are up to 1.5 km wide
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and 130 m deep. The courses of the canyons are generally straight, and show no
significant meanders. The canyons are usually accompanied by faults on both flanks.
Based on the combined interpretation of bathymetric, Parasound, and high-resolution
seismic data a model for the canyon initiation and evolution was developed. The
canyons start to evolve along small pre-existing depressions, which might be of
tectonic origin. Subsequent sediment mass flows deepen and widen these depressions,
but with the buildup of the sediment fan, other transport mechanisms driven by mass
flows along maximum slope gradients cause additional canyons to develop, resulting
in an overlap of a radial distribution of canyons with linear trends of tectonic origin.
Oversteepened canyon walls may cause slides/slumps and occasionally convert the V-
shaped cross-section of the canyons into an U-shape.

The Parasound data allowed to identify four echo characters (rugged, hyperbolic,
bedded, and partially transparent/discontinuously bedded echo characters). All echo
characters are characteristic of fan sediments, except the uniformly bedded echo type
which represents the basin deposits.

The high-resolution seismic reflection data allowed a detailed study of the sedimentary
structures in the fans. Seven seismic facies were identified: A seismic facies
characterized by disrupted, discontinuous, low- to moderate-amplitude reflections is
typical for the proximal part of the fan. The continuity of the seismic reflectors
gradually increases with increasing distance to the coast. The seismic facies changes to
subparallel, undulating, high-amplitude reflections in the distal part of the fans. The
analysis of the echo and seismic facies revealed that the sedimentary deposits of the
submarine prolongations of alluvial fans in the Gulf of Agaba essentially consist of
clastic material, which slightly decreases in grain size towards the basins of the gulf.
Therefore, the submarine prolongations of alluvial fans in the Gulf of Agaba can be
classified as sand-rich, point-source turbidite systems.

Two different transport mechanisms of equal importance were observed building up
slope and fan sediments: unchannelized and channelized transport of terrigenuous
material. Unchannelized flow of sediments is probably important for the buildup of the
proximal fan mainly composed of coarse sand and gravel. Accumulation rates from
this process decrease with increasing transport distance. Channelized transport causes
bypassing and brings significant amounts of fine and coarse sediment into the deeper

fan. In addition, the proportion of fine material from channelized and unchannelized
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turbidites increases in the deeper fan, which is consistent with our observations that
the average grain size decreases with increasing distance to the coast.

Several slumps and/or slides were identified in the study areas. These deposits
demonstrate frequent gravitational transport along the steep slopes. The most likely
reason for slope failures in the fans is the rapid but infrequent sediment loading, which
also might have caused oversteepening of the slope. Earthquakes probably acted as the
main trigger mechanism for the slope failures.

The growth patterns of the submarine prolongations of alluvial fans in the Gulf of
Agaba suggest that deposition is mainly influenced by the rate of erosion of rocks
from the hinterland and tectonics. The rate of erosion is mainly dependent on the
climate. Climate used to be wetter during glacial times resulting in an increased
sediment supply into the fans. Tectonics might control the courses of the canyons,
which are important for sediment transport into the fan. Earthquakes are an important
trigger for slope failures in the fans. Sea-level fluctuations probably have not played a
major role during fan development because of very narrow coastal plains and the

absence of a continental shelf.

5.2 Future perspectives

The data presented in this thesis are the first results of a detailed analysis of submarine

prolongations of alluvial fans in the Gulf of Aqaba. Several questions, however, remain

open. Future studies should include the following aspects:

(1) Wadi Kid alluvial fan on the southwestern side of the Gulf of Aqaba is the largest

)

alluvial fan in the Gulf of Aqaba. A geophysical survey of the submarine prolongation
of this fan would allow to characterize the tectonic and sedimentary history of this fan.
A study of the growth patterns of this large submarine fan might shed more light on
the impact of sea level and climatic fluctuations on sediment input and depositional
processes in the Gulf of Agaba.

The sampling of marine surface sediments and drilling long sediment cores for
palaeoceanographic studies would provide stratigraphic control for the seismic data.
Cores should be taken from several locations because sedimentary processes might be
expressed by different types of echo characters. For example, transparent echo
characters and small hyperbolic echo characters may both represent mass-flow
deposits and, in turn, some echo types may also indicate different types of sediments

generated by different kinds of sedimentary processes. The availability of cores would
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improve the reconstruction of the fan history and the determination of distinct growth
episodes.

A detailed investigation of the submarine terraces in the Gulf of Agaba would provide
information about sea level fluctuations and tectonically-driven uplift/subsidence,
which might have influenced sediment deposition. A survey with hydroacoustic
systems close to the coast, on both sides of the Gulf, would be necessary for such an
approach.

Deep seismic data and/or earthquake studies would improve our understanding of the
tectonic evolution of the Gulf of Agaba. Such data would allow a better assessment of
the importance of tectonic processes in the evolution of the submarine fans.

The construction of a detailed structural map of the coastline prepared from aerial
photos and satellite images would allow a better correlation between the subaerial and

submarine features in the fans.
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94 pages, Bremen, 1994,

Bleil, U. and cruise participants

Report and preliminary results of METEOR-Cruise M 29/2, Montevideo - Rio de Janiero
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84 pages, Bremen, 1995.

Mann, U.
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the East Frisian Islands. 162 pages, Bremen, 1995.
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Pitzold, M. und G. Wefer
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122 pages, Bremen, 1998.

Landenberger, H.
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Villinger, H. und Fahrtteilnehmer
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17.10.-17.11.1997. 128 pages, Bremen, 1998.

Arz, HW.
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Schliinz, B. und G. Wefer
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Felis, T.
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Rief3, W.
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Biogeochemical processes at the sediment water interface and quantification of metabolically driven calcite
dissolution in deep sea sediments. 103 pages, Bremen, 1999.
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Neuer, S. and cruise participants
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Schliinz, B. and G. Wefer

Bericht tiber den 8. JGOFS-Workshop am 2. und 3.12.1999 in Bremen. Im Anhang:
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Schnack, K.

Biostratigraphie und fazielle Entwicklung in der Oberkreide und im Alttertidr im Bereich der
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Karwath, B.

Ecological studies on living and fossil calcareous dinoflagellates of the equatorial and tropical Atlantic
Ocean. 175 pages, Bremen, 2000.

Moustafa, Y.

Paleoclimatic reconstructions of the Northern Red Sea during the Holocene inferred from stable isotope
records of modern and fossil corals and molluscs. 102 pages, Bremen, 2000.

Villinger, H. and cruise participants

Report and preliminary results of SONNE-cruise 145-1 Balboa — Talcahuana, 21.12.1999 — 28.01.2000.
147 pages, Bremen, 2000.

Rusch, A.

Dynamik der Feinfraktion im Oberfldchenhorizont permeabler Schelfsedimente. 102 pages, Bremen, 2000.
Moos, C.

Reconstruction of upwelling intensity and paleo-nutrient gradients in the northwest Arabian Sea derived
from stable carbon and oxygen isotopes of planktic foraminifera. 103 pages, Bremen, 2000.

Xu, W.

Mass physical sediment properties and trends in a Wadden Sea tidal basin. 127 pages, Bremen, 2000.
Meinecke, G. and cruise participants

Report and preliminary results of METEOR Cruise M 45/1, Malaga (Spain) - Lissabon (Portugal),
19.05. - 08.06.1999. 39 pages, Bremen, 2000.

Vink, A.

Reconstruction of recent and late Quaternary surface water masses of the western subtropical
Atlantic Ocean based on calcareous and organic-walled dinoflagellate cysts. 160 pages, Bremen, 2000.
Willems, H. (Sprecher), U. Bleil, R. Henrich, K. Herterich, B.B. Jorgensen, H.-J. Kuf},
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AbschluBibericht des Graduierten-Kollegs Stoff-Fliisse in marine Geosystemen.

Zusammenfassung und Berichtszeitraum Januar 1996 - Dezember 2000. 340 pages, Bremen, 2000.
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Sprengel, C.

Untersuchungen zur Sedimentation und Okologie von Coccolithophoriden im Bereich der Kanarischen
Inseln: Saisonale Flussmuster und Karbonatexport. 165 pages, Bremen, 2000.

Donner, B. and G. Wefer
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Biogeochemical Cycles: German Contributions to the International Joint Global Ocean Flux Study.
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Neuer, S. and cruise participants
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Devey, C. and cruise participants
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Freudenthal, T.
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particles and sediments. 147 pages, Bremen, 2000.
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Santamarina Cuneo, P.

Fluxes of suspended particulate matter through a tidal inlet of the East Frisian Wadden Sea
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Benthien, A.

Effects of CO, and nufrient concentration on the stable carbon isotope composition of C37:2 alkenones in
sediments of the South Atlantic Ocean. 104 pages, Bremen, 2001.

Lavik, G.

Nitrogen isotopes of sinking matter and sediments in the South Atlantic. 140 pages, Bremen, 2001.
Budziak, D.

Late Quaternary monsoonal climate and related variations in paleoproductivity and alkenone-derived
sea-surface temperatures in the western Arabian Sea. 114 pages, Bremen, 2001.

Gerhardt, S.

Late Quaternary water mass variability derived from the pteropod preservation state in sediments of the
western South Atlantic Ocean and the Caribbean Sea. 109 pages, Bremen, 2001.

Bleil, U. and cruise participants

Report and preliminary results of Meteor Cruise M 46/3, Montevideo (Uruguay) — Mar del Plata
(Argentina), January 4 — February 7, 2000. Bremen, 2001,

Wefer, G. and cruise participants

Report and preliminary results of Meteor Cruise M 46/4, Mar del Plata (Argentina) — Salvador da Bahia
(Brazil), February 10 — March 13, 2000. With partial results of METEOR cruise M 46/2. 136 pages,
Bremen, 2001.

Schulz, H.D. and cruise participants

Report and preliminary results of Meteor Cruise M 46/2, Recife (Brazil) — Montevideo

(Uruguay), December 2 — December 29, 1999. 107 pages, Bremen, 2001.

Schmidt, A.

Magnetic mineral fluxes in the Quaternary South Atlantic: Implications for the paleoenvironment.

97 pages, Bremen, 2001.

Bruhns, P.

Crystal chemical characterization of heavy metal incorporation in brick burning processes.

93 pages, Bremen, 2001.

Karius, V.

Baggergut der Hafengruppe Bremen-Stadt in der Ziegelherstellung. 131 pages, Bremen, 2001.
Adegbie, A. T.

Reconstruction of paleoenvironmental conditions in Equatorial Atlantic and the Gulf of Guinea Basins for
the last 245,000 years. 113 pages, Bremen, 2001.

Spief}, V. and cruise participants

Report and preliminary results of R/V Sonne Cruise SO 149, Victoria - Victoria, 16.8. - 16.9.2000.

100 pages, Bremen, 2001.

Kim, J.-H.
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