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Presentation
Of all the natural values of Bardenas Reales, the most memorable
and acknowledged is its spectacular landscape, which in these
naked lands is pure geology. When it was declared a Natural Park
in 1999, its importance was highlighted as “a unique geological
formation in Navarre, remarkable and of special interest for its
scenic and educational values...”
This tormented, arid land is a splendid open-air classroom for
geologists. Its formations and relief draw the attention of visitors
from all around the world. The precarious equilibrium of Castildetierra, the silhouettes of Pisquerra, Ralla or Rallón at sunset, the
buttes (in Spanish, cabezos), their slopes gashed by gullies, and
the deep ravines (barrancos) of La Blanca form the compendium
of unmistakeable images that draw thousands.
But the landscape we see today is not the fruit of chance; there is
an explanation, a reason which lies in its origin, the passage of
time in these lands and the major influence of human activity over
the last eight millennia. Explaining or interpreting the geological
processes which have unfolded in Bardenas Reales is no easy task
if the aim is to make them understandable to the greater public,
largely unversed in this lesser-known science.
This guide is an attempt at acquainting visitors with the basic
concepts needed to understand the territory and landforms they
are contemplating. It is an accessible publication, with plenty of
pictures and texts which, while short, are packed with scientific
rigour. In order to follow it, all you need is interest and the desire
to learn more about a fundamental aspect of the stunning natural
heritage that is Bardenas Reales de Navarra.
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J. Arbilla

BARDENAS REALES DE NAVARRA
A different territory
6
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Geography and climate

J. Arbilla

Bardenas Reales is a large, unpopulated, steppe-like area in the south-east of
the Community of Navarre. Covering 41,845 hectares, it spans 45 kilometres
from north to south and 24 kilometres from east to west. The main access
roads are an asphalted track between the town of Arguedas and the Firing
Range, the road between Tudela and Ejea de los Caballeros (NA-125), and an
internal network of non-asphalted tracks whose use is regulated.

The unique landscape of Bardenas Reales is a faithful reflection of its geological characteristics.

Introduction
Bardenas Reales de Navarra is a vast territory characterised by a unique
erosional landscape. The simplicity of its contours when viewed from afar
contrasts with the spectacle it offers when seen up close. Broad, desolate
depressions, ripped apart by abrupt ravines and surrounded by vertical cliff
faces, large mesas and lonely buttes give meaning to the term ‘badlands’.
Its desert-like appearance evokes faraway realms.
The sparse vegetation lays bare a relief where geology takes on a leading
role. In order to understand and interpret the landscape and nature of
Bardenas Reales, it is essential to know its geological features and the
processes that have acted on these lands over millions of years; and still do
today.
The territory was declared a Natural Park by the Government of Navarre in
1999 and a UNESCO Biosphere Reserve in 2000, and has been declared a
Special Area of Conservation (SAC) to form part of the Natura 2000 network.
The area is also home to the Nature Reserves of Rincón de Bu and Caídas de
La Negra, and two Special Protection Areas (SPAs).
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Geographically, it is located in the central part of the Ebro Valley. Three main
zones can be distinguished from north to south in terms of landscape:
El Plano, La Bardena Blanca (or just La Blanca) and La Bardena Negra
(La Negra).

J. Arbilla

Topographic profile of Bardenas Reales and its main zones.

El Plano is a large, raised pediment which slopes slightly upwards as it heads
south, its highest points being the summits of Cornialto (510 m) and La
Estroza (462 m).
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X. Murelaga

M. Madoz

La Bardena Blanca is a great central depression about 300 m above sea
level. It has a desert-like appearance and whitish soil. It can be divided into a
higher and a lower area, La Blanca Alta and La Blanca Baja, the better known
of the two due to its unique buttes (Castildetierra, Pisquerra, Rallón, etc.).

La Bardena Negra is characterised by its large mesas, which reach a
maximum height of 646 m at La Negra.
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Bardenas Reales has a semiarid continental Mediterranean climate. This
means that, while the average annual temperature is mild (13-14ºC), there
are marked seasonal contrasts: very hot summers which often exceed 35°C
and cold winters with up to sixty days of frost.

J. Arbilla

With an annual average below 400 l/m2, the rainfall in Bardenas Reales is
scarce, erratic and often torrential. And it falls unevenly over the territory,
the higher areas of La Negra receiving the most and those of La Blanca the
least. The wind, often in the form of the cold north-westerly cierzo thanks
to its geographical location in the corridor of the Ebro Valley, is also
characteristic.

J. Arbilla

Steppe-like environment of La Blanca.

A dry environment.
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There are no permanent watercourses. Only when it rains and the following
few days does water run through the numerous ravines that form the area’s
intricate drainage system.

WHEN TO VISIT BARDENAS
REALES

The main outlet is Barranco Grande and its tributaries, which drain all of La
Bardena Blanca of its highly saline waters. Other relevant watercourses are
Barranco de Agua Salada, Barranco de Tudela and Barranco de Valdenovillas.
The few springs in the area are at the edges of El Plano, fed by the aquifer
under the pediment.

J. Arbilla

There are, however, numerous ponds, created as water supplies for livestock.
The most important of these are those of Cortinas and Zapata. The Zapata
pond, which receives the excess water from the Cinco Villas irrigation
channel, is of great environmental interest.

C. Sancho

Access to some areas is temporarily restricted
for conservation reasons.

Although each season has its own
appeal, it is best to go in spring,
early summer or autumn. The
summer can be too hot and the
winter very cold. But it is also true
that a landscape like that of
Bardenas Reales displays different nuances depending on the
weather and light typical of each
time of the year, so there is a
good reason to go any time;
although it is not a good idea to
go with heavy rain due to the
state of the tracks and paths.

J. Arbilla

E. Guelbenzu

Barranco Grande.

Zapata pond.
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Cabezo de Castildetierra is one of the most visited places in the Natural Park.

15

Flora and fauna
Bardenas Reales is home to ecosystems and biotypes of great ecological value:
pine woods, scrubland, steppes, salt marshes and wetlands.
The vegetation now is the result of the interaction between human activity
and the natural conditions of the climate, soil and terrain. The dry low areas,
such as La Blanca, have a steppe vegetation of esparto grass, white
wormwood and Mediterranean saltwort. In the higher areas, such as
La Negra, there are Aleppo pine forests, together with kermes oaks, junipers,
etc., and the odd holm oak. In the intermediate zones, there is a
predominance of rosemary bushes and Phoenician junipers. Rainfed cereal
crops occupy a large area.

M. Madoz

S. González

As for wildlife, the most unique species are steppe birds: great bustards, little
bustards, stone curlews, pin-tailed sandgrouse, black-bellied sandgrouse
and larks. Other notable inhabitants include birds of prey: golden eagles,
Egyptian vultures, griffon vultures, eagle owls, marsh harriers, kestrels, etc.
And there is no shortage of mammals (foxes, wild boar, rabbits, deer, etc.),
reptiles, invertebrates and even fish.

Leaves and fruit of the prickly juniper.

J. Arbilla

J.M. Agramonte

Ocellated lizard.

Esparto grass in La Blanca.
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The population of Egyptian vultures in Bardenas Reales
is one of the largest on the Iberian Peninsula.

Bardenas Reales and human presence:
archaeology and traditional uses
There are no human settlements in Bardenas Reales now, but there is evidence
of the presence of human beings there from the early Neolithic, with
numerous archaeological remains left by nomadic groups that occupied
La Blanca some 7,000 to 8,000 years ago.

THE COMMUNITY OF BARDENAS REALES
The Community of Bardenas Reales is the body that has managed the
territory since the beginning of the 18th century and the Natural Park
and Biosphere Reserve since 1999 and 2000, respectively. It consists of
twenty-two entities – nineteen Ribera localities, two Pyrenean valleys
and a monastery – which have the exclusive right to use the territory in
perpetuity.

I. Diéguez

J. Arbilla

There is also evidence of settlements from the Bronze Age (between 5,000
and 3,000 years ago) and the Roman era has also left vestiges of small farms.
However, the Middle Ages (4th to 15th century) are the time from which the
remains most visible today, with numerous sites of fortresses and defensive
towers, date.

The first real rights over the territory, in which Bardenas Reales received the
name, were initially granted to the Roncal Valley (Navarre) for use by
transhumant livestock in the Middle Ages. In 1705, these became rights
exclusive to the twenty-two entities, known as congozantes, which make up
the current Community of Bardenas Reales.

J. Sesma

J. Arbilla

Reconstruction of a Middle Bronze Age (1200-1000 BC) burial in Bardenas Reales.

Copper Age tomb at the Tres Montes
dolmen (2130 BC).
18

Medieval castle of La Estaca or Santa
Margarita.

In green, the entities that jointly manage Bardenas Reales.
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THE BARDENAS REALES FIRING RANGE

J. Arbilla

There has been an Air Force Firing and Bombing Range in La Blanca Baja
since 1951. In all, this is a 2,200-hectare training ground where aircraft
belonging to the Spanish air force and the air forces of other NATO
countries carry out bombing exercises, using both live and dry fire.
Access to the range is signposted and restricted, and there is a
track around the entire area, popularly known as the ‘perimeter’.
The existence of this firing and bombing range has run up against social
opposition. The Ministry of Defence pays an annual fee for its use.

Much of the agricultural land in Bardenas Reales is used to grow rainfed cereal.

J. Arbilla

M. Madoz

Traditional usage of the land for grazing and crops is now complemented by
a burgeoning tourism industry. It has also been used for military purposes
since 1951, when the Firing Range in the middle of the area was created,
and energy is produced there now, too, with both a solar energy facility and
a wind farm.

Bardenas Reales is a winter refuge for transhumant livestock.

20

Restricted access to the Firing Range.
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A unique landscape conditioned by geology
The unique landscape and relief of Bardenas Reales is strongly marked by its
geological characteristics. The varying resistance of different rocks (hard and
soft) to the action of erosion processes over the last few million years explains
the terrain you can see today. Mesas and stair-step faces, buttes and hollows,
cliffs and slopes are all the result of this action.
But perhaps what most strikes visitors is the result of erosion, mainly caused by
rain, on the softer rocks. The areas shaped by gullies, also called badlands and
known locally as blanquizales, provide the images most sought by tourists for
their photo albums. The terrain here is dynamic and forever changing.
Bardenas Reales is a perfect natural classroom for geologists. The rocks and their
structure help us better understand how the Ebro Basin evolved geologically.
The territory also offers a unique opportunity to study erosion processes and
their results.

M. Madoz

J. Arbilla

Different geological research projects have been conducted here for decades,
and students from all over Europe have come to visit in order to make the most
of the area’s exceptional educational potential and spectacular scenery. In 2011,
the Geological Society of Spain organised the first ‘Geology Day’ of Navarre
here for visitors and the general public.

The hard layers of sandstone resist erosion.
The soft materials are heavily eroded
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Natural Park and Biosphere Reserve

A LANDSCAPE FROM THE MOVIES
The Bardenas Reales landscape has been used on numerous occasions
to shoot feature films, music videos, television series and commercials.
James Bond, Don Quixote and strange mutant beings have all graced
these lands. The harsh, arid landscape and almost lunar appearance of
the terrain have inspired many artists and served as a backdrop for
countless scenes.

Bardenas Reales was declared a Natural Park in 1999 by means of a Regional
Law which justified its importance as ‘a unique geological formation in Navarre,
remarkable and of special interest for its scenic and educational values, serving
as a model to explain and account for major erosion processes...’
The purpose of naming it a Natural Park was, among other things, ‘the
conservation and protection of the specific natural values of the area, [...] the
orderly and rational use of its natural resources, guaranteeing their continuity,
[and] promotion of scientific and educational knowledge of nature and the need
for preservation.’

Among many others, the films The Pride and the Passion, The Conquest
of Albania, Airbag, Mutant Action, The Monk and The World Is Not
Enough, and series like Game of Thrones have all been shot there.

The area was declared a Biosphere Reserve in 2000, making it the seventeenth
Spanish territory to receive the title of the approximately 30 that currently exist
in the country today. Declaration as a Biosphere Reserve entails the protection
of both the existing natural elements and the traditional forms of sustainable
exploitation of natural resources.

M. Madoz

To facilitate their enjoyment and knowledge of this space, visitors are provided
with an elaborate network of signposted roads and tracks, the use of which is
regulated. Most are for mountain bikes, some for motor vehicles, and access on
foot is allowed on all of them, except those which are out of bounds at certain
times for protection purposes.

Bardenas Reales Information Centre
Carretera del Parque Natural, km 6
(Enter from km 0.8 on the NA-8712)
31513 Arguedas (Navarra) • Tel.: ++948 830 308
Filming in Bardenas Reales.
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turismo@bardenasreales.es • www.bardenasreales.es
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J. Arbilla

THE RELEVANCE OF THE GEOLOGICAL SUBSTRATE

J.C. Laeeasoaña

J. Arbilla

Topographical contrasts in La Blanca, caused by the different resistance of the rocks.

Structural stair-stepped slopes formed by alternating horizontal layers of hard and soft rock.

Introduction

The rocks

The landscape of Bardenas Reales is guaranteed to leave you aghast.
A succession of stair-step slopes, mesas, cuestas, buttes, wide depressions,
dry ravines and badlands mark a semidesert landscape with sparse vegetation.
Several factors can be cited as responsible for these forms:

The essential factor determining the relief of Bardenas Reales is the different
resistance to erosion of the rocks that form its geological substrate (its
limestone and sandstone are harder than its lutite). This fact is crucial to
understanding the configuration of the terrain. Some knowledge of the main
types of rocks, their origins and characteristics is, therefore, required.

• The presence of rocks with different degrees of resistance to erosion, all
arranged in horizontal layers.

Knowledge of the roles these factors play helps better understand the terrain
we know today.

Bardenas Reales is located in the Ebro Depression, which was formed by
sedimentary materials that accumulated in a geological process which
occurred at the end of the Eocene epoch. Then deformation of the Earth’s
crust gave rise to the Pyrenees to the north, the Iberian Mountains to the
south and the Catalan Coastal Ranges to the east. About 36 million years
ago, the height of these mountains created a closed basin in the middle,
with no outlet to the sea; an immense lake area where great deposits of
sediments originating from the erosion of the new elevations built up,
reaching, in some cases, thicknesses approaching 6,000 m.

The characteristics of the geological substrate, easily identifiable in the
landscape, are relatively simple. Basically, the substrate consists of
sedimentary rocks of continental origin, generally not very resistant to erosion
and stacked one on top of another. These remain practically horizontal, just
as they were formed, because the area has not been affected by any
significant tectonic phenomena since sedimentation.

These sediments accumulated in different parts of the basin, depending
on the volume and force of the water transporting them. Great blocks
piled up at the headwaters of the rivers, where the gradient was steeper
and the water flow stronger. Meanwhile, finer and finer materials, such
as gravel, sand, silt and clay, in that order, were deposited further downstream.

• The tendency of the watercourses (ravines) to embed themselves in and cut
down into the land over the last few million years, halted for short periods
by changes in the climate.
• The predominance of a semiarid climate over this time, with little but
torrential rainfall, hindering the development of protective plant cover and
accelerating erosion processes.

28
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Diagram of the distribution of sediments from the Pyrenees to the middle of the Ebro Basin.

A natural process of compaction and cementation which lasted millions
of years turned these deposits into different kinds of sedimentary rocks.
The sand became sandstone, and the silt and clay formed lutite. Marl was
formed in the more central marshy areas, where the finer silt and clay,
together with calcium carbonate and salts dissolved in water, had
accumulated. In periods with arid climates, evaporation and chemical
precipitation gave rise to gypsum.

Blocks of sandstone, made from river sand.
Lutite is the most abundant geological substrate in Bardenas Reales.

LUTITE: THE KING OF BARDENAS REALES
Lutite is sedimentary rock formed by the compaction and cementation of
clay and silt. It is, so to speak, silt or clay turned into rock (hardened mud).
The particles that form it are microscopic, with many pores in between
them, but pores so small and unconnected that the rock is almost
impermeable. Of all the rocks in Bardenas Reales, lutite is without doubt
the most abundant.

30

J. Arbilla

About 10 million years ago, the basin opened into the Mediterranean Sea
on the Catalan coast, creating the Ebro River and its tributaries, which
drained the lake system. Consequently, the different materials which had
built up emerged and their erosion commenced. Of the five types of rocks,
lutite is the most relevant.

As can be seen in the geological cross-section, the different types of rocks
are not distributed at random. They are actually grouped into quite consistent
sets called geological formations, which normally take one of the place
names from the area where they are found.

.

Three main formations can be distinguished in Bardenas Reales, called Ujué,
Tudela and Lerín:
- The Ujué Formation occupies the north-eastern part of La Blanca and
consists mainly of lutite and beds of sandstone. The sandstone becomes
more abundant as you head north and approach the origins of the
watercourses that dragged the sandy material from the Pyrenees.
- The Tudela Formation occupies all of La Negra and the south-eastern fringe
of La Blanca, and consists mainly of lutite and layers of sandstone, limestone
and marl of varying depths. These rocks formed in lakes and flat areas
occupying the central part of the Ebro basin, downstream from the fluvial
rocks that make up the Ujué Formation. The limestone and marl in this
formation become more abundant as you head south, because that is
where the largest lakes were located.
- The Lerín formation is located beneath the Ujué and Tudela formations (see
geological cross-section). It consists of lutite and gypsum, which mainly crop
out near the El Ferial reservoir and Bardenas Reales Information Centre.
The rocks that make up these formations in Bardenas Reales are stacked in
strata which, together, are up to some 700 metres thick.

Geological cross-section.
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Geological map.
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Fossils
Some of the marl and lutite that you can find in Bardenas Reales contains
fossils. These are the remains of organisms or organic activity that got buried
in the sediment and were incorporated into the rock.

Mauricio Antón

The remains found are mostly microfossils, such as the teeth of micromammals and small fragments of bones. Although not abundant, larger
remains have also been found, such as tortoise shells, the teeth and bony
plates of crocodiles, and a few fragments of larger mammals. Most come
from animals and plants that lived in lake environments, such as crocodiles,
turtles, fish, amphibians, snails, ostracods and types of algae.
Other animals, such as mammals of different sizes, birds, lizards and snakes,
lived around the lakes. Once dead, their remains were washed away by weak
river currents to the lake areas, where they accumulated alongside the
remains of aquatic organisms.

Recreation of the lake environment, with the forerunners of what are now grebes and flamingos.

X. Murelaga

X. Murelaga

Bird’s-nest fossil, with fragments of egg shell.
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X. Murelaga

The fossils discovered have included those of various species of turtles and
small rodents first described in Bardenas Reales, numerous fragments of bird
and reptile eggs, and what is considered the oldest fossil of a bird’s-nest
found to date in the world.

Fragments of crocodile (Diplocynodon sp) jaws
and individual teeth.

Fragments and shells of various species of turtle.
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The age of the rocks
There are several ways to determine the age of rocks, one of which is the
study of animal fossils. Different species have lived at different times, at
particular stages of faunal succession, so their fossils allow us to order the
rock strata where they appear from the oldest to the most modern on the
geological time scale (biostratigraphy).
Another method is palaeomagnetism, based on changes in the polarity of
the Earth’s magnetic field. We know that the Earth’s magnetic poles have
reversed on many occasions, sometimes coinciding with the geographic poles
(normal polarity, like today) and sometimes the complete opposite (reverse
polarity, where the magnetic north on your compass would indicate the
geographic south). When iron-rich minerals form or are deposited as
sediment in a sufficiently liquid or viscous medium (magma or mud, for
example), the iron particles can rotate and act as tiny compasses. When the
medium cools or dries and solidifies, the polarity in force at that time is also
‘fossilised’ in the rock. Studies of volcanic rocks on the seabed, whose age is
known thanks to radiometric dating, have allowed us to determine when
each reversal of the Earth's magnetic field occurred. By applying the
information from observing rocks anywhere in the world to this ‘standard
scale’, it is possible to place them in a particular age.

Palaeomagnetic sampling.
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Cryogenic magnetometer, used to measure the
fossilised magnetisation of sediments.

J. Arbilla

X. Murelaga

J.C. Larrasoaña

By contrasting these and other dating methods, we can conclude that the
rocks we can see in Bardenas Reales today were formed between 21 and 15
million years ago, in a geological period called the Miocene.

The rocks in Bardenas Reales are between 15 and 21 million years old

Tectonic deformations

J.C. Larrasoaña

At first sight, most of the rocks in Bardenas Reales are arranged in horizontal
layers or strata, although, on closer inspection, layers on slight slopes can
sometimes be discerned. This reflects the fact that there has been little
tectonic activity (produced by movements of the earth's crust) in the area and,
therefore, its rocks are generally not affected by faults or major folds and
have been able to maintain their original horizontal disposition.
The prevalence of horizontal stratification has had a significant bearing on
the present forms of the Bardenas Reales landscape.
However, there is a strip between Arguedas and the El Ferial reservoir where
the layers are slightly slanted (between 15 and 25°; 60° at some exceptional
points). This means that the rocks have undergone some deformation, giving
rise to anticlines and synclines.
In the rest of the territory, tectonic forces have created a network of faults
(fractures exhibiting rock movement) and joints (lesser fractures without rock
movement). Such fracturing is especially relevant in certain areas in the middle
and southern parts of La Negra.
Joints affecting a hard limestone bed.

J.C. Larrasoaña

J. C. Larrasoaña

Slightly folded layers on the horizon.

Talus near Fustiñana where normal faults that have displaced the layers of limestone can be seen.
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GEOMORPHOLOGY

A geological landscape
The Bardenas Reales landscape possesses unusual characteristics resulting
from interaction between geological, biological and human factors. While
the effects of the latter two are patent, the truly decisive role has been played
by the geological factors at work. It is necessary, therefore, to emphasise the
importance of geology in the landscape of Bardenas Reales, to the extent
that we could even call it a geological landscape.
The relief of Bardenas Reales is quite striking. As already mentioned, its
geology is characterised by an abundance of soft rocks, arranged, in general,
in horizontal layers, and by the tendency of the drainage system to embed
itself into the ground over the last few million years.
However, the intensity of the geomorphological processes that have shaped
the landscape has not been constant over time and has mainly depended on
the climate changes which took place during the Quaternary. Today, in the
context of a semiarid climate, erosion by the force of water, as the main
shaping agent, and the crumbling of the rocks are finishing off the job of
sculpting the landscape.

J. Arbilla

Therefore, we are now at a stage at which the almost horizontal soft rock,
together with river incision and climate changes over time, on the one hand,
and the dominant erosion processes in the current semiarid conditions, on
the other, are the main variables when it comes to shaping the landscape.
The Bardenas Reales landscape, an open book on geology.

Introduction

The Bardenas Reales landscape is composed of a mosaic of different,
generally easily identifiable features, some of which are capricious and most
eye-catching. Not finding out how they came into being and what they mean
would be to squander a great opportunity to enjoy these exceptional natural
sites all the more. It is the job of geomorphologists to interpret and transmit
the information these forms contain.

J. Arbilla

Geomorphological studies conducted at Bardenas Reales aim to analyse the
topographic forms that shape the landscape. Some forms date from the past,
basically the Quaternary period (last 2.6 million years), and others are still
taking shape today.

The Bardenas Reales landscape holds geomorphological secrets.
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Notable geological forms
The Bardenas Reales landscape is characterised by the existence of a series
of landforms, some produced by erosion, such as the so-called structural
forms, and others from the accumulation of fluvial, alluvial or slope sediment.

J. C. Larrasoaña

The origins of all these morphologies lie in the last few episodes of geological
history, mainly during the Quaternary. The finishing touches to the
geomorphological picture of Bardenas Reales are being given by the erosion
processes in progress now.

Castildetierra, emblem of Bardenas Reales. The bases of the slopes which once formed a
table-top butte are still visible.

Structural forms: mesas, cuestas and buttes
The varying resistance to erosion of the materials which make up Bardenas
Reales has decisively conditioned the landscape. The layers of sandstone and
limestone, formed during the Miocene, are the hardest materials in the
geological substrate and, consequently, are more resistant to water erosion
than the other rocks. These hard rocks remain as elevations that stand out in
the landscape which we call structural forms.
The Miocene sandstone protects the soft materials (lutite) underneath from
erosion. Because the sandstone developed in minor watercourses, the result
is a characteristic landscape in the form of small mesas and buttes. These
shapes dot the northern part of La Blanca, where the waters from the
Pyrenees deposited their sandy material. The most representative example is
Castildetierra, the symbol of the Natural Park.
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Reconstruction of the geomorphological evolution of Castildetierra.
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M. Madoz

M. Madoz

Punta de la Aguda, with visible limestone strata.

Cuesta del Trillo, formed by a resistant stratum of limestone, sloping slightly upwards to the north.

The limestone on the southern edge of La Blanca and throughout La Negra
has also protected the lutite from erosion. But, unlike the fluvial sandstone,
the limestone formed in broad lacustrine areas. This has resulted in the
formation of large mesas, such as those of Sagasti, Bandera and La Negra,
and buttes such as Balcón de Pilatos and Pico del Fraile.

limestone and sandstone, has greatly facilitated the action of erosion,
resulting in the depression found there.

In the centre of La Blanca, where no significant watercourses arrived and no
lake areas formed, the accumulation of lutite, together with the absence of
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One final aspect worth noting is the gentle folding of the geological materials
in the north-western part of La Blanca, which manifests itself in gentle
anticlines and synclines. The presence of the odd layer of limestone
interspersed between lutite has resulted in gentle slopes that
geomorphologists call ‘cuestas’.
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J. Arbilla

Panoramic view showing notable pediments in La Blanca. Pisquerra, on the left, with a plateau
on a gentle slope, and Ralla and Rallón, on the right, sloping in the other direction.

Although the old terraces of the Aragon have succumbed to erosion, their
existence can now be deduced from the pediments which formed as a result
of that very erosion. These pediments consist of gravel and form gentle slopes
which sometimes face each other, rising in convergent directions. Such is the
case of El Plano and Pisquerra on one side, and Ralla and Rallón on the other;
the area between them marking the position of the terrace which gave rise
to them.

River terraces that have vanished and pediments that remain
The river terraces associated with the Aragon River and their accompanying
pediments have played a key role in shaping the landscape. Nothing remains
now of these Aragon River terraces within the boundaries of the park;
however, their existence in the early stages of the Quaternary proved decisive.

The age of these pediments has permitted the development of soils rich in
carbonates, sometimes cemented, thereby increasing their resistance to
erosion and contributing to their persistence.

J. Arbilla

M. Madoz

The ancient terraces of the Aragon River entwined with those of the Ebro
River, the two rivers meeting somewhere in the vicinity of La Blanca at the
beginning of the Quaternary. River terraces are generally flat surfaces made
of sediment (gravel, sand, etc.) which was swept along by the river and
accumulated alongside the watercourse in areas with shallower slopes.

Rallón, example of a capping pediment.
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Punta de Cornialto, at one end of El Plano. The darker top layer of gravel can be seen.
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In addition to these old forms, there are also the remains of later pediments,
resulting from the progressive incision of the drainage system and the
succession of climate changes during the Quaternary. These are widely
distributed throughout La Blanca, good examples of intermediate pediments
being Cabezo de Mesalobar and Cabezo de Zapata, located at lower levels
than those of Rallón and Pisquerra. There are lots of other accumulations of
gravel scattered around the bottom of La Blanca.

M. Madoz

M .Madoz

All these pediments date from the last 2.6 million years (Quaternary), but it
is difficult to pinpoint their age any further. Sometimes, indirect data such as
their altimetric position and how developed the soil on top of them is can
help date them approximately. One possibility is the use of luminescencebased techniques.

Accumulations of alluvial gravel in the area of the Firing Range

Cabezo de Mesalobar, an example of an intermediate pediment.
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C. Sancho

LUMINESCENCE DATING
There are ways to determine the
age of the most modern sediments,
from the last million years. One of
these is luminescence dating, which
is used with sandy sediments and
employs sophisticated laboratory
techniques to measure the time
that has elapsed since the quartz
Sand layer used for luminescence
and feldspar grains in the sand
dating.
ceased to receive sunlight, informing us when they were buried. With this method, it is possible to date
sediments which are 200,000 years old and, on certain occasions, even
800,000 years old.

Diagram of triangular facets on a slope.

Talus slopes and triangular facets on the escarpments
The structural forms and remains of pediments mentioned in previous
sections come in different sizes, from minor elevations to major formations
with escarpments on the edges. The greatest cliffs, which stand over 100 m
high, are a common feature of the edges of La Negra and El Plano, as names
like Caídas de La Negra (Drops of La Negra) and Balcón de Pilatos (Pilate’s
Balcony) suggest.

One unique feature of the talus slopes that does not go unnoticed is their
triangular slope facets. On the geological time scale, such slopes pass through
periods of accumulation and stages of erosion or destruction, which also
cause the escarpments they come from to retreat. These successive phases,
related to climate changes, may occur again and again over time, leaving
curious triangular formations with their apexes pointing towards the
escarpment. It is very common to find them in Bardenas Reales at the foot
of escarpments associated with mesas and buttes.
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M. Madoz

Many of these cliffs are surrounded by concave talus slopes, covered with
debris from the top. These shallow accumulations, normally less than 1 metre
thick, are generally associated with relatively recent cold periods (last few
tens of thousands of years). In many cases, these slopes have been
completely eroded, laying bare the previous geological substrate. Sometimes
all that remains are large blocks of sandstone that have fallen from the
heights and now rest on the lutite, bearing witness to greater accumulations
in the past.

Slopes with alternating areas of accumulation and erosion.
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Flat-bottomed ravines and depressions

CARBON-14 DATING

The sediment infill in the ravines in Bardenas Reales forms flat-bottomed
valleys. These deposits, called alluvium, come from the erosion of the
surrounding slopes. The effectiveness of this erosion depends on the density
of plant cover protecting the slopes and the intensity of rainfall.

One very common method for
determining the age of very recent
sediments containing fossilised
biological remains is Carbon-14
dating. Carbon-14 is an unstable
radioactive isotope which begins
to disintegrate at a known conCharcoal remains used for carbon-14
stant speed when the living ordating.
ganism containing it dies. Pieces of
charcoal, plant remains or beds rich in organic matter found in the
sediment are usually used. With this method, it is possible to date
sediments which are up to some 40,000 years old.

C. Sancho

The overgrazing and deforestation of Bardenas Reales, with its semiarid
climate, resulting in scarce plant cover and bare soil, together with another
feature of the area, its scarce but torrential and highly erosive rains, facilitate
the erosion of its soft slopes and the transportation of the material removed
to the bottoms of its valleys and ravines.

J. Arbilla

These deposits consist mainly of sand, silt and clay, and can be more than
20 m thick. They often include plant debris, bits of charcoal and snail shells.
It is possible to distinguish several units from the Holocene (last 11,700 years)
arranged in layers, with a relatively complex configuration. Their age has
been determined using radiocarbon.

Barranco Grande and Castildetierra.

M. Madoz

The flat bottoms of these ravines are now affected by intermittent but highly
erosive watercourses. As a result, the sides of the ravines have vertical walls
with a U-shaped cross-section. Good examples can be found in Barranco de
Valdenovillas, to the north, and Barranco de Tudela, to the south of La Negra.

Barranco de Valdenovillas, cut into Holocene alluvial deposits.
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Just as alluvium infill accumulates in the ravines, so all the earth and material
that has been swept away from the slopes around it over the last 10,000
years has accumulated in the large depression of La Blanca. This closed basin,
which can be seen all around the Firing Range, is one of the most
characteristic Bardenas Reales landscapes. It is drained by Barranco Grande,
Barranco Andarraguía and their many tributaries.
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Badlands
Erosion and the forms it shapes are the distinguishing features of the
Bardenas Reales landscape, to the extent that it is very easy to recognise
when it appears in commercials or movies.
The erosion process is conditioned by several factors, including the
topography of the land, the materials that form it and the intensity of the
rainfall. The severest erosion occurs on steep slopes and soft materials (lutite)
during episodes of heavy rain.

J. Arbilla

J. Arbilla

On steep slopes formed on lutite without plant cover, exposure to the rain
and sun causes the material to crack so that rills or channels of different sizes
form, creating an intricate drainage system. Mudflows are also common
when the lutite is soaked with water. The result of these processes is a
spectacular badlands landscape with sharp ridges and steep inclines.

Heavy erosion of buttes made of lutite.
Eroded slopes with accumulations of mud at the base
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Although much of the erosion is caused by surface particles being dragged
away by water flow, underground erosion through ducts or holes bored into
the ground, known as piping, is also a very characteristic feature of Bardenas
Reales. The water causes subsidence in the form of pipes in silty and clayey
soils. This is very common in La Blanca, where the phenomenon, together
with the formation of gullies, has given rise to badlands. The ducts widen
and can affect crop fields and tracks.

C. Sancho

The water flowing down the gullies and ducts is collected by the elaborate
system of ravines, which, in the case of La Blanca, are embedded in the
alluvial base. It ends up transporting all the material it drags along with it to
the Ebro River. Once in a while, large masses of material collapse, blocking
and temporarily damming the ravines and creating waterlogged areas
upstream, known locally as entibos.

M. Madoz

Landslide in a ravine.

J. Arbilla

J. Arbilla

Erosion by piping.

Badlands or blanquizales.
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Dragging and erosion in the ravines creates interesting shapes.
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M. Madoz

Barranco de Riva Blanca.

EROSION IN BARDENAS REALES IN FIGURES
Erosion processes and rates can be quantified using different field
techniques.
In the gullies developed on Miocene lutite (between 21 and 15 million
years old), surface runoff erosion transports about 40 t/ha/year of
sediment, representing an average surface reduction of 2-3 mm/year.
Quantifying the material moved by mudflow is more complex.
In the most recent sediment areas (Holocene), the erosion caused by
surface runoff approaches 80 t/ha/year, which means the disappearance
of 5-6 mm/year. Erosion through underground ducts, which is difficult to
assess, should be added to these rates.
Finally, it is estimated that the tops and walls of the vertical escarpments
of the ravines are retreating by 10 to 50 cm/year.
J. Arbilla

This wear does not take place constantly and homogenously over time,
but occurs in jumps and starts as a result of meteorological events. Erosion
can be minimal for two years before torrential rainfall causes strong
erosive processes in the third.
Erosion removes soft materials and lays shrub roots bare
60
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J. Arbilla

GEOLOGICAL HISTORY
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Introduction
The oldest geological materials in Bardenas Reales were formed just over 20
million years ago. That may sound like a long time, but it is really a short
period in the history of the Earth (4,500 million years).
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The presence of humans is an even smaller chapter in the history of the Earth;
they appeared very ‘recently’.
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Two periods can be distinguished in the geological history of Bardenas
Reales; in chronological order:
- Period of sediment accumulation and infill (Miocene).
- Erosive period (Quaternary).

While the surrounding mountains continued to rise, the basin gradually sank
under the weight of the great amount of sediment it was receiving. Huge
deposits up to 6,000 m thick built up in the Ebro basin, of which the
preserved record in Bardenas Reales reaches 700 m.
Mediterranean Sea
Pyrenees

Period of sediment accumulation and infill.
The Miocene: when Bardenas Reales was a
huge lake
Between 70 and 10 million years ago, the collision between the Iberian and
European tectonic plates gave rise to the formation of the Pyrenees, the
Iberian Mountains and the Catalan Coastal Ranges. These elevations created
a closed basin in what is now the Ebro River basin. The rivers descending
from the mountains, finding no exit to the sea, formed large lakes and
wetlands.

Mediterranean Sea
Pyrenees
Catalan Coastal Ranges

Catalan Coastal Ranges

Iberian Mountains

Infill continues (Miocene).

Eventually, natural compaction turned these sediments into rocks of different
kinds: the gravel became conglomerate, the sand became sandstone, the
clay and silt formed lutite, the carbonate mud turned into limestone and
marl, and the salts became evaporites, chiefly gypsum.
Around 10 million years ago, the basin opened into the Mediterranean Sea
on the Catalan coast. The water had access to the sea and the rivers, the
Ebro and all its tributaries, were formed, draining the basin into the
Mediterranean. The sedimentation stage (late Eocene to Miocene) had come
to an end and the erosion stage (Quaternary) began.
Mediterranean Sea

Iberian Mountains

Pyrenees
Catalan Coastal Ranges

Start of infill (late Eocene).

The rivers washed sediment from the mountains and deposited it in the basin.
The thicker, heavier fragments (like stones and gravel) accumulated at the
headwaters of the rivers, while the lighter sediments (like sand, silt and clay)
were transported further to the middle of the basin, where they accumulated
together with carbonates and other salts.
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Ebro River

Iberian Mountains

Incision phase (Quaternary).
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Mauricio Antón

The Ebro basin 20 million years ago. The yellow box marks the position of the lake
ecosystem reconstructed on the next page.

What were natural conditions and life like 20 million years ago?
The natural conditions in what we now know as the Ebro Valley were very
different in the early Miocene (20 million years ago) to what can be seen
today. The formation of the mountains around it (Iberian, Pyrenean and
Catalan Coastal ranges) delimited a closed basin with no outlet to the sea,
where the Ebro did not exist and the rivers descending from the mountains
ended in lakes and marshlands.
The study of fossils confirms wet environmental conditions, with large bodies
of fresh water, surrounded by wooded areas interspersed with open land.
This wet environment, together with an almost tropical climate, favoured the
existence of animals you may find surprising, for they have little to do with
the wildlife you can find there now.
The landscape at that time was similar to that of the modern African
savannah. The wet areas were home to crocodiles, fish, turtles, beavers and
flocks of flamingos; herds of primitive deer, rhinoceroses, giraffids and
mastodons (the ancestors of modern-day elephants) grazed on the
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surrounding plains; and several types of rodents and carnivores, together
with many other species, completed the picture.
Within the prevailing warm climate, small climatic fluctuations in terms of
temperature and humidity occurred, as evidenced not only in the alternation
of different types of rocks but also in the presence of fossils of different types
of animals. The alternating rocks (lutite, sandstone, marl, limestone and
gypsum), which repeat throughout much of the Ebro basin, reflect the
succession of short periods in which shallow freshwater or salt lakes
expanded and diminished, depending on the aridity of the climate.
This interpretation is supported by the fossil record, characterised by the
existence of animals typical of woodland, wetland and other drier
environments.
Thanks to the age of the rocks and the fossils they contain, we know, for
example, that there was a period with a greater supply of water which
marked the onset of the Middle Miocene Climate Optimum, the epoch in
which the highest temperatures of the last 34 million years were reached.
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X. Murelaga

X. Murelaga

X. Murelaga

Rhinoceros (Rhinocerotidae indet.) canine tooth.
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X. Murelaga

Lake environment in Bardenas Reales 20 million years ago.

Premolar and lunate bone of Anthracotheriidae
indet. (extinct ungulate similar to a hippopotamus).

Beaver teeth.

Dormouse molars.
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Erosive period.
The Quaternary: the drainage system as
an agent shaping the landscape
10 million years ago, when the Ebro Basin opened into the Mediterranean
Sea, the basin began to drain, and the sediment which had built up in the
infill stage began to erode. The sedimentation period had come to an end,
and the erosive period had begun. You could say that, in essence, the rocks
formed in the Miocene were eroded and shaped in the Quaternary (the last
2.6 million years), a process which is still ongoing today.

Pediments (1.5 million years ago).
A major erosion process then began, completely removing the earlier
terraces, and the materials swept away built up in pediment deposits, which
formed slopes and had the same layer of gravel and pebbles. As a result of
the development of the soil, this upper layer of gravel was sometimes
cemented with calcium carbonate and acted as a protective layer against
erosion. Examples of these first pediments, called capping pediments, are
the high plateaus of Rallón, Pisquerra and El Plano.

Chronologically, we can distinguish the following phases:

River incision and formation of terraces
(2 to 1.8 million years ago).

M. Madoz

The rivers began to cut downwards and erode the rocks. During some
intermediate periods, climate changes associated with glaciations led to short
phases of river sedimentation, like the one that gave rise to the higher
terraces of the Aragon River at the start of the Quaternary, characterised by
a top layer of gravel and pebbles.

Pediment of Rallón. The darker top layer of alluvial gravel can be seen.
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Cycles of incision and sedimentation
(1 million-20,000 years ago).

Pebbles and gravel of fluvial origin in the middle of La Blanca.
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During that time interval and thanks to the easy erosion of the clay
component of the geological substrate, La Blanca formed a closed depression
which gradually filled with sediment washed off the surrounding hillsides,
giving it its current flat appearance. This sediment basically came from the
erosion of the lutite formed in the Miocene. Alternating periods of sediment
accumulation and incision of the drainage system gave rise to a system of
incised alluvial beds, one on top of another.

J. Arbilla

M. Madoz

Successive stages of erosion and sedimentation resulted in the accumulation
of more alluvial deposits and further pediments at increasingly lower
positions. A good example is Cabezo de Mesalobar. Accumulations of alluvial
gravel, found throughout La Blanca and somewhere between 50,000
and 20,000 years old, also appeared. These were always the result of cold
periods.

Sedimentation of La Blanca (20,000-5,000 years ago).

A Bardenas Reales ravine.
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Recent stage (5,000 years to the present day).

THE LITTLE ICE AGE

Over the last several thousand years, the natural process of sediment
accumulation in depressed areas and ravine and gully erosion has continued.
And in the last few centuries, human practices have lent a helping hand.
Livestock pressure, deforestation to supply firewood and ploughing have
drastically reduced the protective vegetative cover.

The Little Ice Age (LIA) was a cold period which lasted from the middle
of the sixteenth until the middle of the nineteenth century. It brought
an end to a warm period called the Mediaeval Warm Period, when the
average temperature in Spain ranged from 1 to 1.5°C higher than it
does now. During the LIA, however, the average temperature was
between 1 and 2°C lower than the current average. The effects of this
cold period were evident: development of glaciers in the Pyrenees (those
we can see today are remnants of these), heavy snowfall, frequent
floods and fierce storms at sea. There are documents that speak of the
Ebro River freezing over several times and even remaining frozen for 15
days in 1789. The temperatures began to rise again as of the 1850s to
reach those we now know.

A. Urmeneta

One consequence of the incision of the drainage system is the development
of escarpments, evident throughout Bardenas Reales. Rocky material
continuously detaches from the escarpments and builds up on the lower
slopes. These lower slope deposits have passed through phases of
accumulation and erosion, depending on the climatic conditions in different
periods of the Quaternary. The deposits have built up during cold periods
and disintegrated during more arid ones. Periods of accumulation on lower
slopes have been pinpointed during the Iron Age Cold Epoch (2,900-2,300
years ago) and the Little Ice Age (between 1550 and 1850). In general, the
slope deposits have accumulated while alluvial sedimentation has taken place
at the bottom of ravines and depressions.

An unusual sight in Bardenas Reales.
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We hope that these pages have served to
satisfy the curiosity of those wishing to learn
more about this harsh but fascinating land,
whose origin dates back to the most distant
past.
We have spoken of remote times when the
mountains emerged, of very different climates
and landscapes, amazing animals and the
geological processes which have given rise to
this land and its spectacular sights, processes
which continue today, because geology is not
about the past; it is very much alive.
Geology, flora, fauna and archaeology are just
some of the values which distinguish the
natural and cultural heritage of Bardenas
Reales de Navarra.
Discovering them will help us love and protect
them.
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