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Gravitational deposits formed by Triassic breccias. Cycles 
filling channeled geometries with an erosive base upon the 
lower cycle, covered by a new erosive cycle of subtabular 
morphology (Alcaudete, Jaén).
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It is hard to imagine mass landslides of cubic kilo-
metres of rocks and mud falling down in successive 
waves to the sea bottom from a coastal mountain 
range in the process of formation. One of the places 
where it has been possible to identify this process is 
the southern part of the Guadalquivir Basin, as well as 
in some other basins inside the Betic Mountain Range 
and connected to the Guadalquivir Basin.

The stratigraphic analysis of abundant exposures 
and their study in comparison with other units from 
similar Alpine orogens (Rif, Apenines, Himalaya, 
etc), allows us to ascribe the rocks described in this 
chapter to sedimentary units originated by very large 
gravitational processes (olistostrome units). These 
processes are related to the progressive deformation, 
dismantling and erosion of the Betic orogen, as a 
result of oblique convergence between the African 
and European Plates.

Olistostrome units are frequently associated to fore-
land basins, those located between the orogenic 
front (active margin), and a passive margin. Within 
these basins, olistostromes are commonly linked to 
the active margin as a consequence of the progressive 
dismantling and erosion of the overthrusted nappes 
of the orogenic front. The chaotic nature of these 
deposits is their most common feature, as they were 
created by sliding processes during deformation, and 
were subject to the pressure and displacement of the 
mountain range front.

The Betic Mountain Ranges and the Rif are the west-
ernmost segments of the peri-Mediterranean Alpine 
mountain ranges (Figure 1). To the east, the Betic 
Mountain Ranges, reach the Balearic Islands where 
they are interrupted, connecting to the north with 
the Gulf of Valencia Basin and to the south with the 

Algeria-Provence Basin. To the south, these ranges 
join the Rif at the Gibraltar Strait, forming the arch 
with the same name. Between the Betic Ranges and 
the Rif we find the Basin of Alborán, formed by a 
thinned continental crust basement with a thickness 
between 15-18 km (Torné and Banda, 1992) which, 
to the east, connects to the oceanic crust of the 
Provence Basin. 

During the Neogene (since approx. 15 million years 
ago), the Guadalquivir Basin was shaped as a foreland 
basin between the Betic Mountain Range front (active 
margin) and the Iberian Plateau (passive margin). Its 
formation was a consequence of the South-Iberian 
Paleomargin flexure folding, formed by a thinned 
continental crust with a previous thermal history. The 
basin’s southern edge was formed by a big tectonic 
wedge, the Betic Nappe (“Manto”) (Roldán and 
Rodríguez-Fernández, 1991), which started drifting 
towards the north and west. This process determined 
the sedimentary filling of the Guadalquivir Basin, 
which has been organized into 6 stratigraphic units or 
depositional sequences.

The two older sequences are part of the “Betic Nappe”, 
which usually crops out very deformed and displaced, 
and extends through the southern edge of the basin. 
Of these two sequences, the lower one is made up 
by rocks coming from the dismantling and erosion of 
the units forming the Betic Mountain Range (elements 
from the Internal and External Zones).

The lower sequence was generated by gravitational 
processes which mainly took place in a marine envi-
ronment. Here, it is possible to observe breccias 
with different size and origin, and shales with large 
blocks immersed in them and identifed as olistoliths. 
The sequence showing these facies has been called 

Figure 1,  left, simplified map of the Variscan and Alpine mountain ranges, showing the structural framework of 
the western Mediterranean, Betic Mountain Range and Rif. Right, location of the olistostromes herein described.



Olistostrome Unit, and was formed between the 
late Langhian and the early Serravallian, approxi-
mately 15 million years ago (mid Miocene). This unit 
meant, at least in the southern part, the beginning 
of the sedimentary filling of the basin. Its outcrops 
extend to the south of the basin and connect with 
others of the same nature, linked to other inner 
basins of the Betic orogen (Granada, Guadix-Baza, 
Murcia, etc.).

The presence of sedimentary breccias and olistoliths 
of varied nature and origin (Triassic, Cretaceous 
and Tertiary) organized in stratigraphic sequences 
proves that it is a sedimentary unit created by slide 
processes. This origin could be related to the accu-
mulation and erosion of tectonic thrusts related to 
the basin edges’ rebound tectonic activity, which 
would be the source area of the slides (Roldán and 
García-Cortés, 1988).

The terminology used when describing these 
processes is confusing and, sometimes, there are 
difficulties to separate the different gravity flow 
processes from those generated by turbidity cur-
rents. The terms slump and slide have been used 
arbitrarily to indicate mass movement of different 
materials. Figure 2 shows the typology of the dif-
ferent gravitational processes of mass transport 
and the names of the resulting deposits.
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Figure 2. Mass-transport gravitational processes and  
their deposits (Roldán, 1996).

Figure 3. Unconformity between the Olistostrome Unit and the overlying unit (road from Jaén to Torrequebradilla).



The sedimentary sequences consist of different 
cycles of breccias with very diverse clast nature 
and size. Transport and sedimentation mechanisms 
originating these sediments were caused by debris 
flows, where it is normal to find reverse grading 
of pebble size. Bedding surfaces are uneven and 
sometimes discontinuous, the slump structures are 
abundant.

Broadly speaking, an olistostrome (from the Greek: 
olistaino = slide and stroma = mass) can be consid-
ered as a mass of sliding materials with an active 
phase, which is the one starting the movement, and 
a passive phase, the transported one. The first one 
relies on particle dynamics, and the second one on 
the olistoliths or competent fragments, which are 
called slabs or slumped blocks depending on their 
morphology.

The lower boundary of the Olistostrome Unit was 
identified in a very specific sector southeast of Jaén 
(road to Cambil), overlying Upper Burdigalian – Lower 
Langhian (Lower-Mid Eocene) calcarenites and white 
marls. The upper boundary is represented by an 
unconformity with the overlying unit, which can be 
observed at several sites of the provinces of Córdoba 
and Jaén (Figure 3).

The original thickness of the Olistostrome Unit is hard 
to know as it has withstood continuous deformation 
and movements towards the north and northwest. 
These processes caused this unit to get, through inter-
nal detachments, a wedge shape in its front and differ-
ential as well as irregular bulges in the upper surface.

This unit is mainly composed of pre-existing materi-
als of different age and nature (Figure 4). The Triassic 
materials prevail: clays and marls of different colours, 
red sandstones (Figure 5), gypsum (Figure 6) and 
dolostone (Figure 7). In addition, Upper and Lower 
Cretaceous marls and marly limestones have been 
observed (Figure 8). There are also several marly units 
from the Paleogene and lower-mid Miocene (Tertiary).

All these units come from the thrust front of the Betic 
Mountain Range. The Triassic is typical of the Sub-
Betic Zone. The Cretaceous shows different facies, 
some belong to those defined for the Sub-Betic and 
others to the Pre-Betic. The Tertiary mostly consists of 
marls and white, green and pinkish marl limestones 
found in different Sub-Betic and Pre-Betic series. In 
the sector of Antequera (Málaga), marble olistoliths 
have been identified within the olistostromes, and 
in Ronda there are blocks from the flyschs of the 
Gibraltar Complex.
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Figure 4, left. Breccias with polygenetic clasts. Erosive 
surfaces separating channel-fill cycles. Clasts come 
from the Triassic of different tectonic units (sandstone, 
gypsum, dolostone, lignite, etc). Fuensanta de Martos, 
Jaén.

Figure 5, below left.  
Triassic red sandstone.

Figure 6, below, middle.  
Triassic gypsums.

Figure 7, below right.  
Triassic dolomites.



In this chaotic set of materials with such an assorted 
nature and age, it is possible to find tabular-shaped oli-
stoliths (slabs; Figure 10) and rounded or sub-rounded 
olistoliths (Figure 11). The size of the olistoliths usually 
varies from some cubic metres (Figure 12) to several 
cubic hectometres (Figure 13).

The Olistostrome Unit originated by mass transport 
gravitational processes, later reworked and deformed 
by the pressure from the External Zones of the Betic 
Mountain Range. The abundant studies carried out on 
many exposures have led to deduce the mechanisms 
causing the disposition of the different elements mak-
ing up this unit.

Thus, it has been possible to observe slide packages 
and blocks of a competent nature (sandstone, marly 
limestone, dolostone, etc.), where it is sometimes 
impossible to detect deformation (Figure 14). In some 
occasions the olistolith’s edges show a very noticeable 
brecciation (Figure 15), a process which has been inter-
preted as if the olistolith had been dragged through 
an environment where particles’ cohesion within the 
sediment is small, or as if the friction of the olistolith 

while being transported was bigger and it could there-
fore be brecciated at the edges.

In both situations, the olistoliths were immersed in a 
shaly-sandy matrix and preserved their original texture 
and structure. When this process occurs, it is a coher-
ent slide with the internal structure of the rock frag-
ments preserved.

When the Olistostrome Unit shows breccioid beds, 
transport mechanics responsible for the slide process 
can be linked to sediment mass flow of the type known 
as debris flow. In some cases, clasts are immersed in a 
sandy matrix which supports them, whereas in other 
cases, clasts are less abundant in relation to the muddy 
matrix supporting them. The rocks formed by these 
processes are also called debrites.

Slump phenomena are common linked to debrites 
(Figure 16) and to mud flows of shaly sediment. These 
processes usually take place when the sediments are 
related to a slope. The paleoslope determines the 
sense and direction of the slumps. Data obtained from 
the axial plane dip of the aforementioned slumps is a 
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Figure 8, above. Cretaceous marl and marly limestone.

Figure 9, below. Tertiary marly rocks.

Figure 10, above. Olistoliths with tabular shape (slabs).

Figure 11, below. Olistolith with round morphology 
(block).



relevant information to piece together the origin of 
the slides.

To sum up, olistoliths form large slide packages (oli-
stostromes) which may preserve or not their internal 
structure. In addition, it is possible to identify mass 
flows formed by debris flows or mud flows. The first 
ones originate from the partial break up and disag-
gregation of olistoliths. In fact, lithologies are identical 
and the only difference is size. The second ones are 
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Figure 12, above. Meter-size olistolith.

Figure 13, below. Olistolith with several Hm3 in size.

Figure 15. Olistolith edges with brecciation.

Figure 14. Competent slabs and blocks with no deformation.



caused when the slide affects marly-shaly materials. 
Generally, the facies where the olistoliths prevail are 
better represented in more southern locations within 
the basin, whereas the debrites are very abundant 
in more northern positions. However, the mud flow 
facies appear in any geographical location.

The field studies carried out on the Olistostrome Unit 
all along the basin, highlight the existence of frictional 
surfaces between the olistoliths (Figure 17) and the 
blocks and fragments of the debrites, as well as folded 
slide packages (Figure 18).

One of the biggest problems in the Olistostrome 
Unit is the accurate determination of its age, since 
it is formed by redeposited materials derived from 
Mesozoic and Tertiary units. In this case, the age 
assigned is based on the age of the surrounding units 
and on the paleontological study of the matrix within 
the unit itself. The reasons supporting the assignation 
of a late Langhian-early Serravallian (mid Miocene) 
age are the following:

a) The unit located beneath the Olistostrome Unit 
(found southeast of Jaén) has been dated as late 
Burdigalian–early Langhian. The age of the overly-
ing unit has been dated as late Serravallian-early 
Tortonian.

b) The youngest clasts in the Olistostrome Unit (marls 
and marly limestone fragments) have been dated as 
early Langhian.

c) The matrix supporting the clasts (mostly clay 
and marl) has provided fauna of ages between the 
Triassic and the late Langhian-early Serravallian.
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Figure 16, above, left. Mass flow deposit (debris flow) 
with slided slabs. Slump-related deformation and 
overturned beds (Baena, Córdoba).

Figure 17, left. Friction surface between olistoliths.

Figure 18, above, right. Folded slided slabs.
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