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ABSTRACT

Along the northern littoral of the Iberian Peninsula, from Cuerres (Asturias) to Oyambre
(Cantabria) there are caves, such as El Pindal (World Heritage List). Two geomorphologic
maps have been prepared: a general scaled 1:25000, and a detail one of the cave, with
erosional and depositional landforms geomorphologic units. A relative Quaternary
chronology for the depositional landforms, uses colour spots. Marine morphologies suitable
for determining past sea-level positions were surveyed to identify the elevation of past
high-stands and reconstructing paleo-shorelines. As a result, the study of seven erosional
surfaces (rasas) in quartzites and six on limestones led to reconstructing a general sequence
between 275-120 m and 90-1 m above sea level (a.s.l.) respectively. Around the El Pindal
cave there are four rasas cut on quartzites (171-160 m) and four cut on limestone (65-32
m). Other additional indicators of paleoshorelines are: 24-25 m entrance to the El Pindal
cave, 20-21 m lower Pindal, 15-17 m marine terrace, 9-10 m shelter, 2-3 m notches and 0-
1 m present rasa.Considering the elevation rates for the various rasas, an estimated value of
0.066 mm/y as the most probable, it is concluded that the beginning of Quaternary lays at
172 m as.l.
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1.1 i
ntroduction (1983), Hoyos Gomez (1987, 1989), Moiiino et al.

The selected study area includes two zones: an ample
one, between Nueva (Llanes) and the Nansa river
mouth (Ria de Tina Menor) and a smaller one near
El Pindal Cave which extends from the littoral
between Rejolguero and Moral bays to Pimiango
(Figure 1).

This paper presents a geomorphological map based
upon previous photo-geologic survey with field con-
trols, map elaboration and later GIS digitalization
and geo-referentiation. The study includes a detailed
analysis of previous sea-level positions and the genesis
of erosional and depositional marine terraces.

There are many studies of erosional marine terraces
(rasas) since the middle twentieth Century. Some of
the most outstanding are: Gémez de Llarena and
Royo Goémez (1927), Hernandez Pacheco (1956,
1957), Hernandez Pacheco et al. (1957), Llopis Lladd
(1962), Hernandez Pacheco and Asensio Amor
(1963, 1964), Mary (1970, 1971, 1985, 1977, 1983),
Guilcher (1974), Flor (1983), Duque and Elizaga

(1988), Garzon et al. (1996), Gonzélez et al. (2005),
Jiménez-Sanchez et al. (2006), Gutiérrez Claverol
et al. (2006), Alvarez-Marrén et al. (2008), Flor and
Flor-Blanco (2009, 2014a, 2014b), Moreno et al.
(2009), Dominguez-Cuesta et al. (2013, 2015), Pedoja
et al. (2011, 2014, 2018), Adrados (2014), Lopez-Fer-
nandez et al. (2020), Remondo (2020). Most of these
papers refer to the rasas of the Cantabrian littoral
without offering either a clear chronology or the Qua-
ternary evolution. Only Alvarez-Marrén et al. (2008)
gave a numerical age for the rasa of Cabo Pefas
based on cosmogenic isotopes, and Pedoja et al.
(2014, 2018), who compare these rasas with others
in Europe, providing ages for marine deposits. More
recently, Sanz de Murieta et al. (2021) gave an age of
ca. 130 Ka based on quartz and feldspar luminescence
(OSL), for the deposit of a Last Interglacial marine ter-
race in Oyambre Beach (Cantabria).

Concerning El Pindal Cave, some papers (such as
Ballesteros et al., 2019; Jiménez-Sanchez et al., 2002,
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Figure 1. Study area.

2004, 2006) calculated a minimum age of the cave
based on phreatic speleothems.

The aim of this paper is to present a geomorpholo-
gical map that allows interpreting landforms of karstic
systems for reconstructing the successive sea-level
changes during Quaternary and to determine the age
of El Pindal Cave, to calculate rates of regional uplift
of this area and to locate the limit of the Quaternary
in the general sequence of rasas, correlating marine
and karstic sequences in the two study areas. This is
based on the study of the geomorphological evolution
of marine sequences and markers of sea-level high-
stands on karstified carbonate rocks.

2, Geological-geomorphological setting

The Eastern Asturian coastal belt, from Cuerres to the
Ria of Tina Menor (Cantabria), is a part of a geomor-
phological unit adjacent to the Hibea and Cuera
ranges, which consists of a system of intermediate
less elevated ranges (Purén range, Cué and La Bor-
bolla Plains), and extends to the littoral where the
reliefs are flat surfaces. Pre-Permian rocks dominate
in this area, with some unconformable, small outcrops
of Cretaceous rocks (to the West and East of Punta de
Santiuste) forming a fringe between La Franca and
south of Pimiango and eastwards of Tina Menor
(Santa Catalina), just overlying the eastern limit of
the karstified Late Carboniferous limestones. The
width of the karstified littoral belt ranges from 4 km
(Llanes) to 1 km (EI Pindal).

From a geological point of view, this is a part of the
Eastern Cantabrian Zone where Late Carboniferous
carbonate rocks abound. These are parallel-laminated
dark/blackish rocks and sedimentary breccias (Barca-
liente Formation) of Namurian-Westphalian age,
and Westphalian light-coloured (white-beige) lime-
stones (Garcia-Ramos & Gutiérrez Claverol, 1995).

The substratum includes the Lower Ordovician
quartzites, paraconglomerates and sandstones with
interbedded mudstones of the Barrios Formation,
which form NE-SW oriented, roughly parallel to the
coast and referred to as flat sierras, plains and rasas,

located in this area at elevations between 125 and
275 m. These occur staircased, and gently inclined
towards the sea (Navarro & Leyva, 1996, Portero
et al., 1976).

The complex regional structure is the result of a
superposition of the Variscan orogeny, a phase of
extensional tectonics that generated the Mesozoic
basins and the later Alpine orogeny. The Alpine defor-
mation uplifted the basement and reactivated old Var-
iscan structures (Alonso & Pulgar, 1995). The alpine
fractures were later reactivated by recent (Pliocene-
Quaternary) neotectonics, as suggested by various
geomorphologic indicators. There are in the area sev-
eral post-alpine small-scale displacements with direc-
tions E-W and WNW-ESE.

3. Methods

The most relevant morphologies have been marked in
the geomorphologic map (Figure 1, main map).
From a lithological and structural analysis of the
materials of the geological substrate that the cartogra-
phy covers; For this, a simplified geological map
(Geology Map) is introduced in the general map, in
order to be able to differentiate the two types of sub-
strate: (1) highly permeable, intensely dissolved, dolo-
mitic limestones and breccias, prone to karstification,
and (2) low-permeability quartzite, paraconglome-
rates and sandstones prone to the superficial move-
ment of water with limited infiltration. Given the
difficulty in using conventional geological plots to rep-
resent the substratum (it darkens the map), it has been
preferred to make the additional geological scheme
indicated above and represent the geomorphological
units on a DEM that allows a better vision of the 3D
relief. On this basis, the geomorphological units of
erosion and deposit (surface formations) have been
represented, to which we have given a textural pattern
and a relative age by assigning a colour for the Lower
Pleistocene (purple), Middle Pleistocene (green),
Upper Pleistocene (blue) and Holocene (red).
Characteristic (erosional, depositional) forms.
These are represented and arranged according to



their genetic groups: marine, karstic, fluvial, gravita-
tional, polygenic, and morpho-structural. Particular
attention was paid to marine (rasas, cliffs, caves and
shelters, etc.) and karstic (dolines, cenotes or vertical
caves, poljes or interior valleys, canyons, lapiazes or
karren, etc.) morphologies. All these are represented
by standard geomorphologic symbols superimposed
on the colour corresponding to their genesis. This
allows a rapid, easy visualization also assessing the
importance of each morphogenetic system.

The most significant morphologic units are marine
forms and deposits, and karstic features. Based on
these it is possible to deduce sea-level highstands
and also the various base levels of the systems of
caves and galleries associated to them.

The elevations of these morphologic features
related to the present sea level were used to construct
a staircased sequence of Quaternary morphologies
and/or deposits. Elevations are measured at the trans-
gressive maxima of the forms and marine deposits
(type and sedimentary structures), caves, shelters
and notches related to the high tide mark of present
beaches. Each morphologic reference recognized rep-
resents the general water table (sea level) at the time
of formation, and can be related to the caves, conducts
and galleries of the littoral karstic systems (endokarst),
that occur at different elevations as a consequence of
the general uplift of the emergent land (littoral and
pre-littoral) owing to epirogenetic movements.

4. Results

The map allows a better knowledge of the geological-
geomorphological parameters that affect the El Pindal
karstic system indicating the type of limestone lithol-
ogy, degree of solubility, the structures affecting
them (faults, joints and dips), ways of dissolution
(lapiazes, dolines and poljes), and possible hydric
inputs through creeks, the Quaternary deposits associ-
ated to these depressions and the slopes of the moun-
tain front (alluvial cones and colluvium), owing to the
influence of depressions as potential collectors of
runoff water.

General area (Cuerres-Tina Menor). Presented a
geomorphological mapping of the area between Llanes
and the Nansa river mouth (Tina Menor) marking the
erosional marine terraces (rasas) over quarzitic and
carbonate rocks. The distribution of morphogenetic
systems, morphotectonic behaviours and paleogeogra-
phical changes were also indicated (Figure 1).

In this area is possible the representation of the
main rasas and marine levels, and their distribution
over quarzitic and carbonate rocks. Seven sectors for
the rasas on quartzites and six over limestones were
surveyed aimed to establish a general sequence
(Figures 2 and 3(A, B)).
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The first ones (E-W) are related to the boundary
between quartzites and sandstones and the Late Car-
boniferous limestones. These are parallel to the thrust
directions (E-W), and some of them were active
during the Quaternary as revealed by geomorphologi-
cal indicators.

The second group (NNW-SSE) limits the blocks
forming this sector, such as the eastern part of this
area where the Tinas block, separated by these faults,
was tilted.

El Pindal Cave area. Quartzitic materials to the
south of the map are little permeable and, besides,
the flat morphologies gently sloping towards the sea
forming a staircase with steps separated by the old,
degraded, marine escarpments, strongly favour the
surface runoft and, as a consequence, the excavation
of ravines that drain to the karstic system.

From the geomorphological point of view, 14 levels
of major rasas on quarzite and limestones whose
escarps range between elevations 223 m (R-1) and
31 m (R-14) above present sea-level (a.s.l.) were distin-
guished in El Pindal-Tinas.

The older (R-6 to R-9), cut on Ordovician quart-
zites, are well defined, with steps around 10 m high.
The last one (R-9, elevation 149 m) stands 75 m
above the Lower Carboniferous carbonates. This cre-
ates an anomaly that favours the generation of troughs
and ravines that channel rain waters and runoff to the
lower platforms where it is collected by the karstic
depressions (dolines and poljes).

Rasas cut on carbonate rocks are less preserved as a
consequence of karstification that led to the formation
of dolines, poljes, lapiazes and caves, the superficial
expression of which are little flat surfaces such as the
San Emeterio lighthouse (over El Pindal cave). The
rasa, here at elevation 65-66 m, corresponds to the
middle galleries of the cave and it shows on surface
a very well-developed lapiaz, strongly conditioned by
the almost vertical dip (73° S) of the calcareous strata,
which greatly favours the percolation of meteoric
waters. The sequence of rasas on calcareous rocks is:
65-66 m San Emeterio lighthouse, 49-50 m Tina Mon-
astery, 40 m ravine east of Ensenada de Moral, 30-
31 m San Emeterio Point (Figures 4 and 5).

There are other morphologies indicative of former
positions of sea level carved in the sea cliffs: caves
(upper and lower El Pindal) at 25-24 and 20 m, shel-
ters at 10 m, and notches at 4 and 2 m, such as the
block in front of El Pindal cave (Figure 6). All these
indicators of paleo sea levels, plus the marine terraces,
allow reconstructing a relative (in the absence of
numeric dating) sequence of sea-level changes and
getting information about the time and age when the
water table (sea level) affected El Pindal cave (Figure
3(C-F) and Figure 4).

With respect to morphotectonic aspects, from a
structural point of view, this zone is marked by the
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Figure 2. General sequence of marine erosional surfaces (rasas).

fault boundary separating the Devonian quarzites
and sandstones from the Devonian limestones. This
E-W trending, old fracture, roughly parallel to the
coast, was reactivated during the Quaternary as
revealed (Figure 5) by a series of geomorphologic/
tectonic features (fault escarpments, faceted surfaces,
escarpments of retrograding erosion, anomalous
incision of ravines). In addition, two recent faults
affecting the Carboniferous limestones have gener-
ated karstic depressions (polje) elongated E-W and
WNW-ESE. The latter deforms gently the northern-
most part of the doline located to the south of the
perimeter of cave galleries, and also affects the
interior part of the cave, as recorded in the map
(Figure 5).

5. Discussion

In the General Area (Cuerres-Tina Menor) a differen-
tial behaviour of the pre-littoral mountain fronts is
interpreted from the geomorphological map (Figure
1). The more mobile are those to the west (south of
Llanes), with four systems of encased alluvial fans,
and to the east, in the fronts of Pimiango — Las
Tinas block, with many geomorphologic indicators

GENERAL SEQUENCE OF EROSION PLATFORMS IN THE EASTERN ASTURIAS 7
-BETWEEN NUEVA (LLANES, ASTURIAS) AND TINA MENOR (CANTABRIA)
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of recent activity. Carboniferous limestones are
more soluble than the Cretaceous limestones of the
eastern area. Referring to the Carboniferous rocks,
the Namurian limestones show a better development
of karstic features (dolines, poljes, uvalas, lapiazes,
etc.) than those of Westphalian age. In addition are
determined major palaeogeographical changes,
such as:

A fossil fluvial valley between Unquera and Pesués,
after abandonment by the Deva river (which for-
merly debouched in the Nansa) following a possible
tilting of the Tina Mayor-Tina Menor block.
Because of the tilting, the river changed its direction
from W-E to N-S (Figure 3(G,H)).

e The incorporation to the mainland of the (present)
Sierra Plana de Cué, a former island during the
Early Pleistocene, as demonstrated by the sur-
rounding marine terraces of this age.

With respect to uplift rates and the rasa at the
beginning of the Quaternary, the chronology obtained
by Alvarez-Marrén et al. (2008) using cosmogenic
nuclide acids near Cabo de Pefas at elevations
100 m (4 samples) and 90 m (1 sample) suggests a
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Figure 3. Examples of rasas, indicators of sea-level and palaeographic changes. (A) Rasas eroded on quartzites. There is one below
the village of Pimiango at 160-162 m, and another at 150 m (herb packages); they are separated by a glacis. (B) Rasas cut on
limestones. The village of Buelna rests on the one at 40-42 m; the one behing the village, near the coast is at 30-32 m. (C)
Rasas and caves in limestones,as seen from Los Bufones de Arenillas. Rasas of La Tejera (16 and 31 m) in the first plane and,
at the far end, Castro Bellota (40 m). Caves at 2-3 m elevation (Present) and at various elevations in the cliff. (D) Caves of possible
marine origin at 65-66 m (Early Pleistocene), when there was a marine connection between Ensenada de Novales and Pendueles
beach. At that time, the Piedrallada and Catariello hills formed an island. (E) A current notch, indicator of sea level, at Playa Vidiago;
note in the upper part, the superimposition on an older notch. (F) Notches in Playa de Borizu: a fossil notch at 10-11 m and a
current one at sea level. (G) Narrow v-shaped valley at the present mouth of the Deva River, as seen from Bustio-Unquera. (H)
Fossil valley: abandoned tract with a flat bottom and mature slopes, between Unquera and Pesués.

minimum age ca 1 Ma for this level, although the
authors suppose that the true age could be around
1-2 Ma.

Using the minimum age of 1 Ma, the rasa marking
the beginning of Quaternary should be at 259 m; using
1.5 Ma, at 172 m, and considering 2 Ma it should be at
130 m. All these elevations are found in the studied

sequence: 259 m (R-3, Rofanzas plain), 172 m (R15,
rasa of Pimiango-Pico Cotella), and 130 m (R-20,
rasas of Sierra Plana de Cue).

Considering their uplift rates (between 0.07 and
0.15 mm/y), only the lower elevation is compatible
with the local sequence, and the limit of the Quatern-
ary should be placed at elevation 181 m.
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Figure 4. A general sequence of erosional marine terraces (rasas) and other paleo sea-level indicators at El Pindal-Tinas area.

We think that the most likely value is the rasa at
172 m. All those located at higher elevations should
be assigned to the Pliocene. This is consistent with an
uplifting area and it coincides with an observed change
of trend (Figure 5) in the encasements and in the sep-
aration between successive rasas. In any case, it cannot
be ruled out that the limit be at lower elevations.

El Pindal Cave Area. The geomorphological map
(1:10.000 scaled) presents the main rasas and their
place on quarzitic and carbonate rocks, and gives a
spatial view of the morphology of the terrain and the
possible effects of extraordinary rains on the flooding
of karstic depressions connected to El Pindal endo-
karstic system.

The morphology of rasas eroded on quartzite
(between 160 and 180 m) is almost a flat surface.
The low permeability (limited to fissures) coupled to
a difference of some 75 m in elevation as compared
with the surfaces eroded on carbonates (140 m the
youngest on quartzite, 65 m the oldest on limestone)
led to the excavation of several ravines that drain the
runoff either to the sea through karstic canyons, or
(the three in the centre) to the karstic depressions
(dolines, poljes) that are, direct or indirectly, related
to the galleries of the cave. The Westphalian lime-
stones are strongly tectonized and fissured all around
this area, making them very easy to dissolve, which
accounts for the large observed karstic system. Besides,
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Figure 6. Fallen block in front of the entrance of El Pindal cave.

the steep dip (70-75° S) greatly favours infiltration
along stratification surfaces.

The most significant depressions are two poljes
elongated E-W and NNW-SSE. The first one lays on
the San Emeterio rasa and is the largest geomorpholo-
gical unit clearly related to the inner gallery of the
cave. The bottom of the polje is between 30 and
40 m.a.s.l., whereas the main inner gallery develops
between 30 and 20 m a.s.l. Thus, it is most likely
that the polje supplied sporadically water to the cave.
The bottom of the second polje, located to the south
of the cave but topographically higher, is at 40-35 m,
making it very likely that it might be connected to
the cave.

The third main karstic morphology is the doline
located to the SW of the cave, and connected to it by
a ponor associated to the NNW-SSE fracture (Figure 5).

The deduced fractures that affect the poljes also
influence the hydrologic aspects of the cave: the
more oriental rectifies the deeper, inner gallery,
whereas the rectilinear, external gallery is affected by
the E-W fault indicated by Jiménez-Sanchez et al.
(2002).

From the general sequence and the geomorphologi-
cal map (Figures 4 and 5), it is deduced that there are
at least 14 positions of sea level in this sector during
the Quaternary. The number rises to 22 between El
Pindal and Tinas.

Eight staircased rasas eroded on quartzites between
220 and 140 m a.s.l. that may correspond to the Early
Pleistocene. Five eroded on limestones (70-30 m a.s.l.)
assigned to the Middle Pleistocene (relative

chronology) at elevations: +70-73 m, +65-66 m,
+48-50 m, +40—42 m, +30-32 m (roof of the main gal-
lery of El Pindal cave). In addition to these mor-
phologies, there are marine deposits and indicators
of highstands at +24-25m (Pindal cave entrance),
+20-21 m (floor of the main gallery), +15-17 m, +9—
10 m, +2-3 m, and +1 m near Fl Pindal, which, in
some cases coincide with the indicated figures (Figures
4 and 6).

With respect to uplift rates and the minimum age of
the cave — El Pindal Cave area, the calculations of the
minimum age of the cave are based on the elevation
and age of the MIS 5e marine terrace in Oyambre
beach (Sanz de Murieta et al., 2021), located some
16 km far from El Pindal.

The marine deposit occurs at an elevation of 9.2 m
a.s.l. and its age is ca. 130 ka. Considering that sea level
was 6 £ 4 m higher than present (Pedoja et al., 2018),
the difference in elevation (3.2 m) corresponds to a
post-depositional rise of the littoral; this results in a
rate of uplift of 0.0248 mm/a, for the last 129 ka.

The following interglacials with sea levels higher
than the present are MIS 9 and MIS 11. During MIS
9 (334 ka) the sea level was 3 +2 m higher than the
present, whereas during MIS 11 (420 ka) sea level
was 9.5 = 3.5 m higher (Pedoja et al., 2018). Applying
a constant rate of elevation of 0.0248 mm/y to these
marine episodes the obtained values are 8.28 and
10.42 m respectively. But, considering the difference
in elevation of these highstands with the present, the
values are corrected to 11.28 m for MIS 9 and 19.92
for MIS 11. The last elevation coincides with the



floor of the main Gallery of El Pindal cave, placed 4—
5 m below the entrance of El Pindal cave. The next
interglacial highstand MIS 15 (612 ka) was lower
than both the present and the MIS 11 (Berger et al.,
2016; Capron et al., 2019; Patridge, 1997; Shackleton,
1995; Siddall et al., 2006). Using this rate, each metre
of uplift would require 40,323 years; this, added to
the 420 ka of the MIS 11 means 601,453 years for
the MIS 15, but as the sea level was then lower than
the present, it is still lower than the El Pindal cave.
In consequence, the MIS 15 (568-612 ka) can be
used as a minimum age, but a probable age should
be between MIS 15 and MIS 25 (ca. 970 ka), when
the sea level was higher than the present according
to the cited authors.

6. Conclusions

A geomorphological map of the sequence of erosive
surfaces (rasas) and marine deposits on quarzitic
and carbonate substrata in the study area. No repeated
sequences were observed. The topographically higher
rasa (275 m) is at Llano de Rofanzas, and the probable
limit of the Quaternary coincides with at the one at
elevation 172 m, which means a rate of uplift
0.066 mm/y. A different geomorphological behaviorof
the main E-W faults affecting the boundary of the
Ordovician quartzites and the Carboniferous lime-
stones. The largest neotectonic activity takes place
south of Llanes (Cuera range) and El Pindal-Tinas
area, as revealed by geomorphologic indicators.
There were possible movements of blocks along
NNW-SSE faults which changed the courses of the riv-
ers Deva and Nansa and the abandonment of the
paleovalley of the Deva river between Unquera and
Pesués during the Early Pleistocene. Also a deduction
of (supposed) E-W fractures that affect El Pindal cave
and favoured the genesis of the E-W elongated Tro-
nia-San Emeterio polje which coincides with the exter-
nal galleries of the cave. Other fractures directed
NNW-SSE are responsible of the narrow, elongated
polje at San Emeterio hermitage, and the inner gal-
leries of the cave. In the event of heavy rains, the
cave collects the waters of these two poljes and the
doline located to the south all of which can accumulate
a large amount of water to be added to waters flowing
along the three valleys debouching in these karstic
depressions and runoff along the subvertical dip (70°
S) from Pimiango Viewpoint to this karstic system.
Using the available uplift rates, the age of El Pindal
cave is assigned to the MIS 15 (568-612 ka), most
probably between MIS 15 and MIS 25 (ca. 970 ka).

Software

ArcGIS v10.9 with extensions Spatial Analysis, 3D
Analysis and Geostadistics was used, with vectorial
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(dots, lines and polygons) and raster (ortophotos) for-
mats. Working scale was 1:25.000 with Universal
Transverse Mercator UTM-Datum — ETRS 89 in
huse 30 as coordinates system.
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