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Resumen (Las dunas de acantilado de Catalan Bay, Gibraltar: un registro paleoclimático del Pleistoceno Superior en el 
Mediterráneo occidental): La ladera de levante de Gibraltar presenta en la actualidad una amplia rampa arenosa, de unos 35º 
de pendiente, formada por sets de arenas eólicas (Catalan Sands Formation) que, procedentes de una antigua llanura costera 
entre -20 m y los acantilados hasta +6 m, se apilaron y ascendieron por la ladera rocosa hasta casi 300 m de altitud (Ibex Cave). 
La datación por OSL de los tramos basales y la edad del relleno final de las cuevas asociadas, nos demuestran que este evento 
eólico se inició inmediatamente antes del Último Máximo Interglacial (OIS 6-5) y se prolongó hasta el final del OIS 3 (30 ka). Bajo 
este registro dunar existe un gran deslizamiento rocoso, doblemente escalonado, y brechas de ladera, que facilitaron la 
acumulación al pie del acantilado de hasta 60 m de espesor de arenas silíceas y su posterior ascenso en rampa. 
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The relict coastal dune systems of Catalan Bay offer 
an excellent opportunity to better understand the Late 
Pleistocene landscape evolution, climate and 
atmospheric circulation pattern of this region. 
 
There are two prevailing winds in the Gibraltar Strait: 
the easterly (Levante) and the westerly (Poniente). 
The former is by far the stronger, particularly in the 
region of Gibraltar, and is responsible for the creation 
of great lone dunes present along the Cádiz 
coastline. Dunes produced by easterly winds were 
also formed on both the Strait and the Rock of 
Gibraltar during the Quaternary, although obviously 
limited to areas which have a sufficient sand supply. 
In these sectors large rampant type dune were built 
against the steep slopes of the mountainous coast. 
  
Rose and Hardman (2000) have recognised three 
types of windblown sands formations in Gibraltar. 
They are sufficiently distinctive, substancial and 
widespread to be mapped as separate units: Catalan 
Sands on the east side, the Alameda Sands on the 
west side, and the Monkey’s Cave Sandstone on the 
south-east coast. The latter unit is the oldest one 
(>250 ka), deduced from its geomorphological 
situation (Rodríguez-Vidal et al 2004). Probably, its 
generation took place during isotope stages 9 to11 
linked with 30–60 m a.s.l. marine terraces. Catalan 
and Alameda Sands were generated during OIS 5 to 
3, between 125 and 30 ka, inferred from their 
geomorphological position and the dating of similar 
close sandy cave sediments (Rodríguez-Vidal et al., 
in press). Both formations have originated on marine 
beaches, from 6 m a.s.l. to 20 m b.s.l., before being 
blown inland to accumulate as topographic dunes. 
 
During the period represented by the sandy filling of 
the eastern flank caves and the Catalan Sand 
formation, it was likely that Gibraltar was part of the 

mainland, with a broad coastal plain covered with 
wind-blown dunes. The last Neanderthals that 
occupied Gorham’s Cave during OIS 3 (Finlayson et 
al., 2006) had access to a diverse community of 
plants and vertebrates on the sandy plains, open 
woodland and shrubland, wetlands, cliffs and coastal 
environments surrounding the site. 
 
Cliff-front aeolian accumulations comprise echo 
dunes, climbing dunes and sand ramps. In general, 
sand ramp morphology is a topographically controlled 
depositional system consisting of amalgamated 
accumulations of aeolian, fluvial and talus deposits. 
The Catalan Bay sand ramp develop against the 
upwind side of the Rock, creating a ramp of sediment 
extending up the side of the topographic obstacle 
(300 m height at Ibex Cave). It is composed primarily 
of aeolian sand derived from an upwind shore source 
covering a substrate morphologically composed of 
boulders originating from rock slides, together with 
colluvial scree deposits and reddish coloured 
palaeosols representing short stable geomorphic 
periods. 
 
The surface of the sand ramp has an angle of 35º to 
the horizontal (Fig. 1A). Much of the whole slope may 
be sand, but the upper part is breccia with a relatively 
thin cover. However, a borehole made beneath the 
lower catchment channel proved to have at least 40 
m of sand, and indicated that sands in the lower parts 
of the slope may extend across a subhorizontal 
bedrock platform about 17-20 m above present sea-
level. A morphological E-W cross section shows a big 
rock-slide underlying the dune record with a probable 
maximum sand thickness of 60 m. 
 
The main sand outcrop is located immediately inland 
of the Caleta Hotel (Fig. 1), where the toe of the sand 
ramp has been cut back by quarrying. The sands 
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have been slightly cemented by precipitation of 
calcium carbonate from groundwater percolating 
through the porous sands. The sands themselves are 
medium to coarse-grained (0.5-2 mm in diameter), 
the grains all of similar size, mostly of quartz 
particles, very well rounded rather than angular, 
indicating that they have been derived from a 
siliceous source located in the eastern area (Rose & 
Rosenbaum, 1991). The SEM studies of quartz grain 
(Rose & Hardman, 2000) reveal surface textures 
indicative of aeolian transport and deposition, and 
subaqueous transport, probably beach origin. 
 
They are tabular and trough cross-bedding, banked 
at high angle to the cliff rather than in horizontal 
layers, in sets about 2 to 3 meters thick. A 10 m high 
quarried face reveals truncated cross-bedded, 
yellow-brown coloured (10YR6/3) sand units, overall 
dipping west-nortwestward at between 20 and 35º 
(Fig. 1B). The prevailing wind which deposited the 
sand was from the east and south-east, the dunes 
migrating westwards to bank against the Rock. 
 
Two preliminary sand samples were prepared for 
optical luminescence dating (RLAHA, Oxford) using 
the standard procedures. OSL ages represent the 
beginning of the aeolian record that decrease 
systematically from 130±15 ka to 95±9 ka, indicating 
a late Pleistocene age for the first dunes of the sea 
cliffs at Catalan Bay (Fig. 1B). 
 
Aeolian deposition began immediately before the last 
interglacial marine highstand (OIS 6-5 transition) and 
continued during sea level fall until the end of OIS 3. 
The postglacial sea level rise has produced 
deflaction and runnoff reworking of its surface and a 
current cliff rocky shore. The Catalan sand ramp is 
therefore isolated from the present sea level and 
perched on the slopes. 
 
The several sets of siliceous aeolianite deposition 
coincide with sea level highstand and later 
progressive fall in former N-S coastal corridor. This 
indicates that the rapid exposure of coastal 
nearshore platform is a necessary condition for 
development of a sufficient source of eastern 
siliceous sand. This also implies that regressive 

phases of sea level tend to allow for better 
preservation of topographic aeolianites. 
 
The present Catalan sand ramp comprise two types 
of accumulations: basal cliff-front dunes in a thick 
sequence (~ 60 m height) and climbing blown sand 
with interlayered scree deposit (~ 300 m height). 
Cross-bed data suggest dominant easterly to south-
easterly airflow. A similar late Pleistocene 
Mediterranean outcrop has been studied in Mallorca 
littoral (Clemmensen et al., 1997) with such 
interpretation. 
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Fig. 1: A. Catalan Bay, the Caleta Hotel (C), and its ramp: 1. rock slide surface, 2. sand ramp, 3. palaeocliff, 4. cliff-front 
dunes, B. stratigraphic section from the early cliff-front dunes: 1. lowermost structureless aeolian deposit with palaeosol, 2. & 
3. lower and upper sand units, OSL ages (height) and diagrams of dip direction of tabular cross-beds (both equiareal poles 
projection –lower hemisphere– and rose chart 20º sectors). 


