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Hondarribia (also known as Fuenterrabía in Spanish and Fontarrabie in French) is a Spanish border town built
on the west bank of the Bidasoa estuary in the Basque province of Gipuzkoa. It looks eastwards across the
estuary to the French town of Hendaye, the closest point of which lies just a few hundred metres (and a
short ferry ride) away. Geologically the town sits in the central northern part of the mountainous Pyrenean
collisional orogen, midway between the Aragonese-Catalan Pyrenees (which define the French-Spanish
border) and the Basque-Cantabrian Pyrenees, which run west to Santander, Oviedo and beyond.
Hondarribia itself is not mountainous, although it is backed immediately to the west by hills rising to over
500m at the local peak of Jaizkibel. Today it is a peaceful, attractive tourist venue with a historic centre,
although its defensive position on the border has given it a conflictive history. In this Holiday Geology Guide
we describe an easy 4km walk north along the coast from the Plaza de Armas and Parador hotel in the
centre of the old town to the Higuer Lighthouse, add a little human history, and muse upon the joys of deep
marine sedimentation.

View north from inside Hondarribia Parador overlooking the Bidasoa estuary across to the French town of Hendaye.
*
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Battle of the Bidasoa: On the 7th October 1813 this estuary was crossed at daybreak at low tide by troops
commanded by General Wellington (and guided by local fishermen) in a successful assault against the army
commanded by Marshal Soult during the Peninsular War: ‘..the movement which outwitted Soult and all his
subordinates was the fording of the estuary, arm-pit deep, which they had left out of all their calculations as
impossible. Considering the extreme delicacy and hazard of this passage, the complete surprise of the French
commanders from the highest to the lowest, and the perfect concert in the working of every column of the
Allies over a wide front in an extremely blind and difficult country, the passage of the Bidasoa must be ranked
among the most masterly, both in conception and execution, of all Wellington’s operations’ (J W Fortesque,
military historian).

Hondarribia Parador
occupies the renovated
Castillo de Carlos V, a
key defensive position
which, as the damaged
front wall
demonstrates, has had
a turbulent past.

The Castillo de Carlos V was originally a 10th-12thC structure built and fortified by kings of Navarra, but later
passed to the conquering King of Castile Alfonso VIII in the 13thC. At that time the lands across the river
belonged to the Kingdom of Aquitaine, ruled by England until the French took possession in 1453. The castle
fought off an unsuccessful French siege in 1476, was taken by French-Navarran forces in 1521, and then
retaken in 1524 by Carlos V who ordered a major upgrade of the fortification. The building was once again
the focus for French attack in 1638 (30 Years War), 1719 (War of the Quadruple Alliance), and 1794 (War of
the Pyrenees) when revolutionary troops took the town and severely damaged the castle.
From the Parador take the steps or lift down to the Bidasoa estuary waterfront
lying 100m to the east. The image shows the view west from near sea level up to
the Parador (top right) and concrete lift (top centre left) that provides access to
the waterfront. The Parador is built upon solid rock on an old sea cliff, whereas
the flat foreground below is underlain by young estuarine beach deposits.
To find our first exposures of the solid rocks underlying Hondarribia town, walk
to the waterfront and follow it north alongside the River Bidasoa estuary for a
few 100m, passing the Hendaye ferry and Zarra Port, shortly after which rock
exposures can be viewed emerging from sea level at low tide (point X on
geological map below).
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Geological map showing how the rocks
underlying the town of Hondarribia (coloured
blue) continue eastwards beneath the Bidasoa
estuary and are exposed on the Pointe SainteAnne peninsula. Hondarribia town is built on
rocks of Palaeocene age (younger than 66
million years), whereas upriver to the southeast
(beneath Irun and Hendaye) are Cretaceous age
strata (older than 66 million years: shades of
brown and green on map). The coastal cliffs
around the Faro de Higuer expose Eocene age
rocks (younger than 56 million years: dark blue
on map). To summarise: the rocks get younger
towards the northwest. Map modified from Le
Blog de M. Colin
(http://infoterre.brgm.fr/rapports/RP-53258FR.pdf and
http://svtcolin.blogspot.com/2011/05/geologiecote-basque-flyschs-corniche.html)

Faro de Higuer
Pointe Sainte-Anne
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Thinly layered sedimentary rocks are revealed at low tide on the Hondarribia waterfront north of Zarra Port (marked as
X on the geological map above). The tidal range that day (18/10/2020) was 4.5 metres, which is close to the maximum
th
possible at Hondarribia: presumably the Duke of Wellington’s men utilised a similarly exceptionally low tide on the 7 of
October 1813. The sedimentary layers (beds) can be seen to be inclined to the left. The oldest beds are the reddish ones,
emerging from the water on the right side of the image, and the rock succession gets younger to the left. The rocks
forming the forested cliffs in the background beyond the marina lie above, and therefore are younger still than those
here on the foreshore. https://sge.usal.es/archivos/REV/13(2)/Art02.pdf
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The rocks exposed on the foreshore here were deposited on the floor of an ancient sea during the
Palaeocene epoch, which represents the first 10 million years of Earth history immediately after the mass
extinction bolide mega-impact that killed off the dinosaurs. In those days this area formed part of an eastwest elongated marine basin opening westwards into the North Atlantic. The marine basin was in places
over 1,000m deep and bordered by sub-tropical carbonate-rich shallow seas
(https://sge.usal.es/archivos/REV/13(2)/Art02.pdf). The sediments preserved here tell of geologically
relatively quiet times, unperturbed by much tectonic disturbance, as climate cycles came and went and left
their mark in the rock record over the 10 million Palaeocene years.

View across the lower (oldest) part of the calcium-rich (“calcareous”) bedded sedimentary rocks exposed at low tide on
the Hondarribia foreshore, with the peninsula of Pointe Sainte-Anne visible in the distance (top right). I cannot find a
geological description of this exposure, but suggest that in the image above we are probably looking at rocks formed at
the boundary between Danian and Selandian time.

The Palaeocene epoch is subdivided into 3 ages which, from oldest to youngest, are Danian, Selandian and
Thanetian. The base of the Danian age is especially important because it coincides with the end of the
Cretaceous period, a “golden spike” moment in earth history that has been formally defined in the El Kef
section in Tunisia at the base of the iridium-rich clay layer that formed after a major asteroid or comet
impact on Earth (Molina et al. 2006, 2009, see also Bilbao and the Golden Spike on the Barcelona Time
Traveller website: http://barcelonatimetraveller.com/wp-content/uploads/2018/07/Bilbao-and-the-GoldenSpike-BTT-Holiday-Geology-Guide.pdf).
Whereas at Hondarribia Palaeocene rock outcrops are mostly covered by sand, buildings or water, the sea
cliffs around Zumaia 40km to the west towards Donastia (San Sebastian) expose a fabulous and famous
continuous sequence of sediments deposited through late Cretaceous, Palaeocene and early Eocene time. In
the Zumaia exposures, rocks overlying the Cretaceous strata are typically repeated beds of deep sea pinkgrey limestones and grey “marls” (calcareous mud) of Danian age.
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Close up of previous image. The alternation between the pink limestone and grey marl beds near the base of the
Hondarribia Palaeocene exposures is interpreted as recording regular, cyclic changes in climate as Danian time
progressed, driven by changes in the Earth’s orbit (“Milankovitch cycles”).

Milankovitch studied how the Earth’s orbit changes predictably from circular to mildly elliptical
(eccentricity), as well as varying in its tilt (obliquity) and its position with respect to the stars (precession).
Such cycles can be recognised in the geological rock record and expressed for example as regular alternating
couplets of slowly deposited beds such as these deep sea limestones and marls. In a deep marine
environment the climate will affect both the amount of eroded particles entering the sea (either by wind or
rivers) as well as the populations of plankton slowly raining down on the sea bed. The formation of reddishcoloured beds is favoured by oxygenated conditions on the sea floor during low sedimentation rates. To get
some idea of the huge amounts of deep geological time involved, consider the fact that these pink-red beds
accumulate at just a few millimetres per thousand years, and that Milankovitch cycles occur on scales of tens
or hundreds of thousands of years.
The distinctly reddish colour of many of the Danian sediments changes to dominantly grey as one moves into
Selandian-aged rocks higher in the sequence. The Selandian sediments are mostly alternating beds of grey
limestones and marls interrupted by thin beds of sediment brought into deeper marine waters by turbid
currents carrying sediment particles from shallower water (so-called “turbidites”). See Schmitz et al., 2011:
https://www.researchgate.net/publication/235697384_The_Global_Stratotype_Sections_and_Points_for_th
e_bases_of_the_Selandian_Middle_Paleocene_and_Thanetian_Upper_Paleocene_stages_at_Zumaia_Spain/
link/09e41503f3a4091f86000000/download
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View looking east across Palaeocene bedded sediment exposures on the Hondarribia foreshore. Each layer (bed) has its
own geological story to tell. Its own slice of earth history, with one bed deposited on top of the other as the years
passed. Some beds were deposited quickly, when turbid underwater currents brought down calcareous mud and sand
from shallower seas nearer to shore. Other beds record slow deposition of micron-sized particles of nanoplankton falling
through the water column under their own gravity and gradually building up a muddy layer of deep water sediment.
Where one bed of sediment is slightly denser than that below it is gravitationally unstable and can sink into the still-soft
bed beneath to create an irregular surface effect called a “load structure”, seen on some of the bed surfaces in this
image. In the background the rocky Pointe Sainte-Anne peninsula lies 4km to the east, just north of Hendaye (see
geological map).

The Pyrenees rose in response to plate collision between Africa and Europe which pushed the relatively
small Iberian plate northwards at the beginning of Cenozoic times. At first the process was extremely slow,
with the plates converging at just 1.5mm/year during Palaeocene time, but in Eocene time it was to
accelerate and create mountains, the erosion of which by rivers fed large amounts of sediment to the sea.

Mid-Cretaceous

Eocene

The collision of the Iberian tectonic plate with Europe
produced the Pyrenees mountains (modified from Le
Blog de M. Colin
(http://svtcolin.blogspot.com/2011/05/geologie-cotebasque-flyschs-corniche.html)
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Continue walking north
along the waterfront and
skirt the marina to reach
the modern siliceous
sands of Hondarribia
beach. To the right of the
prominent white blocks of
flats note the cliff
exposures of the rocks
underlying the peninsula.
This is our next
destination.

The cliffs north of Hondarribia beach expose alternations of finer and coarser grained marine sediments that have been
assigned to the “Hondarribia Formation” and deduced to have been deposited in early Eocene times (after 56 million
years ago). Most of the beds are grey and calcium-rich (calcareous), but note the several layers of golden brown
sandstone towards the top of the sequence. The transition from the Palaeocene to Eocene times in this area was marked
by a change from mostly carbonate to mostly siliceous sandy sediment deposition.
https://www.researchgate.net/publication/313471130_Estratigrafia_arquitectura_de_facies_y_sedimentologia_de_la_
Formacion_Higuer-Getaria_Eoceno_en_el_Monte_Jaizkibel
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Close up of bedded sediments in the roadside cliff exposures north of Hondarribia beach. The harder layers, separated by
soft grey calcareous mudstones, are interpreted as having been deposited by turbid underwater currents laden with
suspended sediment particles and are known as “turbidites” or, if rich in calcium, “calc-turbidites”. Look closely at the
lowest three grey calc-turbidite beds (lower right) each of which shows a distinctive separation between lower paler
grey and upper darker grey colours. One explanation for this bimodal appearance is that the lower part was deposited
as calcareous sediment brought into the deep sea by a turbulent underwater current. Fine mud still held in suspension as
the current waned settled out to form the overlying darker layer. The soft grey “hemipelagic” mudstone beds lying in
between these 3 bimodal calc-turbidite units probably each represent an enormity of time which the sea floor was just
receiving a slow, fine rain of background clay and silt-sized particles such as plankton and wind-blown dust.

Walk another 500m along the waterfront to follow the lighthouse road branching off to the left and rising
above the fishing port to reach a left bend where stands the Castillo de San Telmo. This fortification was
constructed in 1598 to dissuade pirate attack on the port below, and later (in 1755) used to store military
explosives away from the town centre. It was long rumoured that this castle had a secret access to a cave
which led down to an escape route on the shoreline. In the French attack of 1638, for example, it was
reported that the occupants of the castle escaped under siege by swimming to Hondarribia. Sure enough,
the existence of this cave was demonstrated during a speleological expedition organised in 2012. The cave
follows the NE-SW orientation of sedimentary beds of calcareous sandstone, running 40 metres NE to the
sea, and contains good examples of calcite stalactites and stalacmites precipitated from calcareous solutions
percolating through the Eocene strata. Photos of these typical speleothems and the Eocene sediments
exposed in the cave sysem can be seen in a report of the expedition published in 2013:
http://www.aranzadi.eus/wp-content/files_mf/1359017317TotalCuevaCSTelmo.pdf.
Continue following the lighthouse road a short distance to a right bend just after which take a signposted
footpath which leads off (right) to follow the rocky coastline.
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View north from the coastal footpath near Punta Uxando across the Cala de los Frailes to Punta de Erdiko. The shape of
the shore exposures reflects the northwest-dipping beds of sediment, a structural trend which causes the scenery to
become elongated in a NE-SW direction (the beds are said to “dip” to the NW and “strike” to the NE-SW). The angle of
dip in this area is around 40 degrees to the NW.

The coastal footpath passes a prominent exposure of thick golden-brown sandstone, coloured by its content of iron
oxide. This distinctive rock type is very characteristic of this area and can be traced southwest to Jaizkibel Mountain
where similar thick sandstones are exposed. By now we have moved further up the Eocene rock succession which now
comprises mostly siliceous rather than calcareous materials and is estimated to be around 50 million years old. The dip
of the bedding can be seen in the lower left corner. http://www.aranzadi.eus/fileadmin/docs/Munibe/2014013023.pdf
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The yellow sandstones of this area are distinctive not only in their colour but are also well-known for containing
distinctive nodular concretions which can weather out from the rock faces to leave distinctive oval-shaped hollows. The
nodules define areas where the sandstone bedrock has become cemented by crystalline calcite which has since
dissolved: http://www.aranzadi.eus/fileadmin/docs/Munibe/2014059067.pdf

The footpath emerges at the coast on the peninsula north of the Faro de Higuer and the start of the GR11, the long
distance footpath that follows the Spanish Pyrenees to the Mediterranean Sea at Cap de Creus in Catalonia. It is not for
the fainthearted.
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View north at low tide across the Cala Faro de Higuer to the Isla de Amuitz. All these rocks, and those previously seen
from the coastal footpath, belong to a geological unit called the Higuer-Getaria Formation which can be traced
westwards along the coast from here for over 40km to Punta Mariantón at Zumaia.

View of the regularly bedded deep water turbiditic marine sediments of the Higuer-Getaria Formation at the tidal
isthmus connecting the Faro de Higuer peninsula with the Isla de Amuitz. The turbidites of the Higuer-Getaria Formation
were deposited on the sea floor of a huge submarine fan fed by coastal rivers carrying sediment from the rising Pyrenees
during early Eocene time. The underside of many of the turbidite beds (such as the dark grey ledge in the foreground)
can preserve evidence for load structures. Jumbled eroded blocks of the turbidite bedrock lie scattered across the
isthmus (see area above the person in blue), their bedding tilted in all directions by the frequent storms battering the
coast in this exposed corner of the European coast. Out to sea the floor of the Bay of Biscay slopes rapidly to the
northwest, reaching oceanic depths of several thousand metres off the coast of Cantabria, where modern turbidite
deposition of sediments on the Cap Ferret Deep Sea Fan continues the same processes recorded by the rocks seen on our
short excursion. As Charles Lyell famously insisted: the present is the key to the past.
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“It is he, Charles Lyell, in forthcoming volumes of his bestselling Principles of Geology, who will introduce the
terms Pliocene, Miocene and Eocene epochs. He is recognizing that each of these epochs represents
successively older episodes in Deep Time, and that the further one travels back through them the less similar
are the fossilized life forms to those of his present day. “I always feel as if my books come half out of Lyell’s
brains”, writes Charles Darwin some years later.”
Barcelona Time Traveller, 2016.
The return journey can be made the back the same way, or an enjoyable circular walk can be completed by
Googlemapping your way southwest from the Higuer lighthouse through verdant country lanes and tracks to
the Santuario de Nuestra Señora de Guadaloupe, from opposite which you take the path descending steeply
back towards Hondarribia. Allow around 4 hours for the full circular walk. Return by the same route.
Wes Gibbons 2020
http://barcelonatimetraveller.com/

Background to Holiday Geology Guides
The author and geologist Wes Gibbons has always had an interest in writing short geoguides aimed at
inquisitive tourists, offering them the opportunity to learn about the landscapes and rocks of scenically
attractive places. His argument is that there is so much more to know about rocks and Earth history than the
superficial descriptions offered by tourist guidebooks, which rarely even scratch the surface of Deep Time.
His first attempt in this direction produced The Rocks of Sark (1975), published jointly with John Renouf of
Manche Technical Supplies in Jersey, a venture that taught a youthful Wes to always be the one responsible
for the final proof reading. In 1976 Wes moved from Sark to begin a PhD supervised by Greg Power
(Portsmouth University) and Tony Reedman (British Geological Survey). Living in a former Post Office in the
village of Greatham on the Hampshire-West Sussex border, Wes decided to pass his spare time preparing a
guide to the geology of the Weald in southeast England. He sold the idea to the publishers Allen and Unwin
who commissioned other authors to develop a mini-series: The Weald (1981), Snowdonia (1981), Lake
District (1982), and Peak District (1982).
His next field-based guidebook surfaced in 1985, fruit of several years research work in Corsica (Corsican
Geology: a field guidebook by Gibbons and Horák). Two years later Wes launched the Holiday Geology series,
using a simple, inexpensive format later described as “a single A3 laminated sheet …. folded into three and
(with).. six portrait panels … filled with a lively mix of colour photos, maps, sections and text” (review by
Nigel Woodcock in Geological Magazine, 2000). The first two Holiday Geology guides were Scenery and
Geology around Beer and Seaton (1987) and Rocks and Fossils around Lyme Regis (1988). The Holiday
Geology concept attracted the attention of the British Geological Survey who went on to expand the series to
over 20 titles.
Following his retirement in 2004 to live in Barcelona with Teresa Moreno, Wes maintained his interest in
publishing field guides by writing the text to Field Excursion from Central Chile to the Atacama Desert
(Gibbons and Moreno 2007), The Geology of Barcelona: an Urban Excursion Guide (Gibbons and Moreno
2012), and Field Geotraverse, Geoparks and Geomuseums (in central and southwest Japan: Gibbons, Moreno
and Kojima 2016). His most recent publishing project, the most ambitious so far aimed at a general
readership, has produced the book Barcelona Time Traveller: Twelve Tales (2016, Spanish translation 2017:
Bimón Press Barcelona) and the resurgence of the Holiday Geology concept, although this time
in virtual format linked to the Barcelona Time Traveller webpage.
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