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Abstract

The Serras of Queixa-Invernadoiro and Gerés-Xurés in the NW of the Iberian Peninsula are two
small mountain massifs located at low altitude that were glaciated in the Pleistocene. The prevailing
granitic lithology was a problem for mapping glacial forms (in many cases interpreted as banal
granite forms) and for the identification of the tills (misunderstood as remains of regolith). A
combination of geomorphological techniques (genetic mapping of granite forms and deposits), the
micromorphological study of till thin sections and the morphoscopy of quartz grains at the SEM
enabled to establish a model of the geomorphological evolution complemented with the chronology
by cosmogenic nuclides (21Ne and 10Be) of both glacial systems. The obtained results represent the
glacial evolution of the area from circa 250 ka B.P.

Keywords: glaciation, cosmogenic nuclides chronology, NW Iberian Peninsula, till, moraine,
Pleistocene.
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1. INTRODUCTION

The first works on the Pleistocene of
the NW of the Iberian Peninsula have more
than one century (Hult, 1873). Since then
and up to 1990, with the exception of purely
geomorphological works (Coudé-Gaussen,
1978, 1980, 1981; Hernandez-Pacheco, 1949,
1957; Schmidt-Thomé, 1983), the study of
the glaciation in the zone did not raise much
interest due to the reduced area of the gla-
ciated surface (Pérez Gonzalez et al., 1989),
even in the Iberian glacial context. The gla-
cial erosional forms and deposits are scarce
being usual the confusion of common forms
in non-glaciated granite terrains with glacial
cirques and polished surfaces (Twidale and
Vidal Romani, 2005).

The most frequent deposits are till s.1.
and moraines. The former has been inter-
preted as remains of granite regolith though
this does not occur in the glaciated zone
(Vidal Romani et al., 1990 a and b). The
moraines (push or lateral) (Vidal Romani et
al., 1990 a and b; Brum et al., 1992, 1993;
Twidale and Vidal Romani, 2005) with a few
exceptions, originate ambiguous morpholo-
gies that have been misunderstood as accu-
mulations of residual blocks or slope depos-
its (Teixeira and Cardoso, 1979; Martinez
de Pisén and Arenillas, 1979, 1984). The
proglacial deposits (essentially fluvioglacial
terraces) escaped notice either due to their
small dimensions, or because they were in-
terpreted as simple torrential terraces. Very
active periglacial dynamics, synglacial and
postglacial (Texier and Meireles, 2003), con-
tributed to mask the glacial features with a
generalized regularization of slopes cover-
ing the glacial deposits (Brum et al., 1992,
1993). These facts together with the low alti-
tude and geographic location of the moun-

The glaciation of Serra de Queixa-Invernadoiroe 27

tains even led to the questioning of the ex-
istence of glaciation in the region (Teixeira
and Cardoso, 1979; Martinez de Pison and
Arenillas, 1979, 1984).

The initial geomorphological interpreta-
tion established a classic pattern of glacial
cirques with associated valley glaciers (Cou-
dé-Gaussen, 1978, 1980, 1981; Hernandez-
Pacheco, 1949, 1957; Schmidt-Thomé¢, 1973,
1983; Pérez Gonzalez et al., 1989). However,
since 1990, the glaciation of NW Iberia has
been studied more systematically with spe-
cial interest on the glacigenic deposits (Vidal
Romani et al., 1990 a and b; Brum et al.,
1992, 1993). This new stage in the research
consisted in the identification and micro-
morphological study of the subglacial tills
providing complementary data to the some-
times confusing geomorphological features.
This research enabled to define the glacier
limits with greater precision and to establish
the ice dynamics in more detail.

Most authors of the previous works at-
tributed the glaciation of NW Iberia to the
Wiirm without having carried out any dating
(Coudé Gaussen, 1978, 1980, 1981; Hernan-
dez-Pacheco, 1949, 1957; Maldonado, 1994,
Schmidt-Thomé, 1973, 1983). Only one au-
thor (Hernandez Pacheco, 1957) describe re-
mains of an older glacial phase for the Serra
de Queixa glaciation (Ourense, Spain), at-
tributing it to the Riss though again without
absolute datings. The difficulties for obtain-
ing an absolute chronology were essentially
due to the predominantly erosive character
of the glacial systems of the zone and to the
scarce sedimentation, which is also mainly
detrital. The only sediments that may be
dated by radiocarbon accumulate in the gla-
cial overexcavated basins near the present
divides (Fig. 1) (Laguna Grande, Serra de
Queixa-Invernadoiro, Maldonado, 1994;
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Vidal Romani et al., 1995) or in a proglacial
setting (Lagoa de Marinho, Serra do Gerés-
Xurés, Ramil-Rego et al., 1998). The oldest
and most continuous sedimentary records
of the zone have been preserved in those
sites. However, their maximum age is 15
ka B.P. (14C), thus corresponding to a late
stage of the later glacial or postglacial times.

So, the chronological model proposed
for the west of the Spanish Pyrenees
(Vilaplana, 1981; Bordonau, 1992), with a
maximum age of 60 ka B.P., was initially as-
sumed as valid for all the Cantabrian Chain,
including Galicia (Jiménez, 1996; Vidal Ro-
mani et al., 1995) and the north of Portugal
(Brum Ferreira, et al., 1992). The extension
of the Pyrenean chronology to the Iberian
NW caused problems of correlation because
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the rocky substratum is not the same. Also,
neither the dimensions of the glaciation of
the Pyrenees and of the Iberian NW nor the
types of deposits and glacial forms present
in both zones are comparable. As for exam-
ple, glacial polish or striae typically found in
any common glaciated landscape in the NW
Iberian granite areas are scarce and only
preserved in quartz dykes or in individual
feldspars (Vidal Romani et al., 1990 a and
b). The postglacial weathering of the glaci-
ated surfaces, though not intense (Soares de
Carvalho and Lopes Nunes (1981) calculate
the postglacial degradation in 15 mm thick)
has greatly eliminated the glacial polish sur-
faces. Other types of forms and glacial de-
posits, frequent in the other glaciated areas
of Iberia, are very scarce in NW Iberia.
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2. REGIONAL SETTING.

Serra de Queixa-Invernadoiro and Ser-
ra do Gerés-Xurés are located in the NW
of the Iberian Peninsula (Fig. 2). Serra de
Queixa-Invernadoiro is the most impor-
tant mountain of the province of Ourense
(Galicia, Spain) and its higher height cor-
responds at Cabeza de Manzaneda (1778
m). It is delimited by the Sil River in the
north, Xares and Bibei Rivers in the east,
Camba and Tamega rivers in the south and
by the riverheads of the Limia and Arnoia
rivers. The lithology of Serra de Queixa-
Invernadoiro is a pre to synkinematic al-
kaline two-mica granite (Rubio and Rod-
riguez, 1981). This area is totally within the
Spanish territory. The other studied zone,
Serra de Gerés-Xurés, is mostly in the Por-
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tuguese territory inside the National Park
of Peneda-Gerés in the North of the prov-
ince of Minho with a small area of 2 km2
in the Spanish territory. It is located be-
tween the divides of the Limia River in the
south of the province of Ourense and the
Cavado River in the North of the province
of Minho. In Serra de Gerés-Xurés there
starts a river course of secondary order, the
Homem. This river forms the main drain-
age axis of the glaciated area. The highest
point of Serra de Gerés-Xurés is at Pico
Altar de Cabrodes (1508 m). The lithology
of Serra de Gerés-Xurés is a biotitic grano-
diorite (Fernandez and Pilas, 1974 a and b)
of medium to coarse grain. According to
Cottard (1979), the fine-grained granite of
Carris and the porphyritic granite of Gerés
prevail in the Portuguese zone.

AFRICA

GALICIA

Serra de
Queixa

W

Serra do Gerés-Xurés

PORTUGAL

Fig. 2.




30 Fernandez, D., Vidal, JR and Marti, K.

3. MATERIALS AND METHODS

3.1. Geomorphological definition of the
glacial dynamics:

The glaciated area has been defined us-
ing different geomorphological criteria:
landforms and deposits of glacial origin
(roches moutonnées, glacial polished sur-
faces, moraines, supraglacial and subglacial
tills), granite forms (tor, castellated rocks
and gnammas, essentially), and finally, the
areas covered or not by granite regolith
which allowed us to establish the maximum
perimeter of the surface affected by the ice.
For example, the gnammas and the big gra-
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nitic residuals (tor and castellated rocks) are
only present outside the glaciated area (De
Uifa and Vidal Romani, 2000).

These data were used to establish ei-
ther the relative chronology of the gla-
cial evolution or the maximum extent of
the glaciation in both mountains (Figs 3a
and b; 4a and b). Finally, though it is not
of preferential interest for this work, the
thickness reached by the ice during the
glacial maximum has been approximately
established according to the height of the
lateral moraines above the present bottom
of the valley. The values presented herein
are approximate and give illustrative mag-
nitudes.

Castifieiras

Prado Alvar
glacial tongue

Fig. 3a.
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Serra de Queixa-Invernadoiro. Glacial sections
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3.2. Absolute chronology:

According to the geomorphological and
sedimentological observations a selection of
glacial polished surfaces and deposits (mo-
raines) that represents the main phases of
glacial evolution in both zones was carried
out. In both cases, when possible, quartz
dyke samples were collected. There were
taken into account the topographic determi-
nants to avoid temporal and spatial shield-
ing (Cerling and Craig, 1994). For example,
sample Q-2 (Fig. 3a) is affected by topo-
graphical shielding from an adjacent boul-
der. So, the production rate at this site was
corrected according to Dunne et al. (1999),
with a shielding coefficient of 15%.

The samples were obtained with a rock
drill from bedrock or moraine boulders. We
assume that the glacial erosion obliterated
the pre-exposure record of cosmic radia-
tion. When the samples were collected from
moraine formations, largest boulders were
selected in order to avoid multiple exposure
stages.
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The top 5 cm from the cores were cut
and ground to several grain sizes. Optical
inspection of the granite or quartz separates
revealed that the 0.5 to 0.95 mm fraction
showed the cleanest quartz grain abundance;
thus, this fraction was used to separate the
quartz for cosmogenic 21Ne measurements.
Remaining fractions were sent for AMS
10Be measurements to PRIME Lab of Pur-
due University (U.S.A.).

Sample preparation for 21Ne measure-
ments began with a chemical etching for
purifying quartz separates. This process
was done following procedures described
by Kohl & Nishiizumi (1992) and Dunai
(2000) with minor variations. In order to re-
duce nucleogenic Ne concentration we must
remove an outer shell of the quartz crystal
equivalent to the alpha particles penetration
depth. Changing chemical etching condi-
tions (time and reagents concentrations) can
improve the procedure yielding, saving more
quartz for the measurement. Final inspec-
tion of the etched separates was done under
the binocular microscope. Any quartz grain
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showing dots or feldspar intergrowth was re-
jected for analyses.

To further resolve the remaining nu-
cleogenic Ne component, as well as trapped
Ne, the gas was extracted from the quartz
grains using stepwise pyrolysis at tempera-
tures from 300°C to 1200°C and melting at
1600°C. Extraction times were 30 min up to
800°C, and 20 min for higher temperatures.
We followed the procedures of Niedermann
et al. (1993, 1994) and Niedermann (2000)
in the analyses of Ne by static mass spec-
trometry at Scripps Institution of Oceanog-
raphy-UCSD (La Jolla, U.S.A.).

In Serra de Queixa-Invernadoiro (Fig.
3a and b) four samples were collected: a
moraine boulder (Q-2) near Castifieiras
corresponding to the maximum advance
and which should bear the oldest age for
the glaciation of the zone. The following
sample corresponds to a moraine boulder
(Q-6) in Turcibao located between 1500 m
and 1450 m ASL in the divide between the
Conso and Cerveira rivers. It was deposit-
ed when the Serra de Queixa-Invernadoiro
original ice cap separated into two different
glaciers draining along the present valleys of

CAD. LAB. XEOL. LAXE 38 (2015)

Conso and Cerveira Rivers. In this stage the
ice volume was considerably smaller than
the maximum represented by the Castifiei-
ras moraine. The third sample (Q-3) corre-
sponds to the surface of a roche moutonnée
located beneath the Chaguazoso moraine.
In that moment both glaciers kept their in-
dependent evolution. Finally, another sam-
ple (Q-4) was taken from a glacial polished
bedrock in the most inner zone of Glacier of
Conso and corresponds to a late stage in the
deglaciation.

In Serra do Gerés-Xurés (Fig. 4a and b),
most of the glaciated area is located in the
Portuguese zone, inside the Natural Park
of Peneda-Gerés, an area with sampling
restriction. So, we had to sample only the
Spanish zone, which, as stated before, was
affected by the ice during a diffluence stage.
Therefore, the obtained date corresponds
to the oldest glacial maximum preserved in
the zone. Two samples were taken: X-1 in
the same divide of the diffluence col of the
Vilamés River, and X-2 among 3 push mo-
raines which correspond to a local glacial
maximum.
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4. RESULTS

We have identified 4 different types of
till: lodgement till, subglacial melt-out till,
deformational till and supraglacial or abla-
tion till.

From these four types, the lodgement
till gives greater information on the glacial
dynamics. It appears in discontinuous and
small outcrops not easy to map at the scale
presented here. Therefore, only their approx-
imate position is shown. All the outcrops of
lodgement till present similar characteris-
tics. It is a detrital sediment with a very com-
pact sandy-muddy matrix (matrix support-
ed) (Fig. 5), foliation in the contact with the
bedrock (Fig. 6), and abundance of blocks
with faceted shape of glacial origin. The tex-
ture is grain-supported though sometimes
the very abundant matrix may separate the
grains. Under the optical microscope the
matrix shows brecciated-mylonitic facies
with angular grains of quartz and feldspar,
which may appear occasionally rounded. In
some cases it is possible to observe a skel-
sepic fabric typical of the lodgement till
(Fig. 7). The morphoscopy of the quartz
grains at the SEM shows striae, conchoidal
fractures and steps, typical of sedimentary
environments of high deformation like the
subglacial ones.

In Serra de Queixa-Invernadoiro (Figs
3a and b) the cosmogenic chronology ob-
tained for the 4 samples (Table 1) (Vidal
Romani et al., 1999; Fernandez Mosquera
et al. 2000) is coherent with the geomorpho-
logical relative chronology, that is, progres-
sively more modern from outside to inside
the glaciated zone. For this zone there also
exists (Vidal Romani et al., 1990 a and b) a
minimum age of 13.4 ka B.P. (14C) (Vidal
Romani and Santos, 1993) in the base of the
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sequence accumulated in the overexcavated
glacial basin of Laguna Grande-As Lamas
(Fig. 1). When this sequence began to accu-
mulate (it starts with a lodgement till) there
still persisted a small mass of glacial ice in
the zone because the age of sample Q-4 and
the one of the base of the sequence of La-
guna Grande-As Lamas are similar.

The age of Q-2 (155 £ 30 ka B.P. (21Ne))
corresponds to a glacial maximum in the
area. Q-3 (22+ 17 ka B.P. (21Ne) and 23+
2 ka B.P. (10Be)) and Q-6 (85 £24 ka B.P.
(21Ne)), though internal to the perimeter of
the glaciated area, mark two different ad-
vances of minor entity in the glacial evolu-
tion of the sierra. Q-6 indicates the separa-
tion of the initial, unique ice cap into two
glaciers (Conso and Cerveira areas) that
evolved as independent systems in the final
stage of Queixa-Invernadoiro. Q-3 has the
peculiarity of being the moraine of with the
biggest dimensions (40 m thick).

In Serra do Gerés-Xurés (Figs 4a and b)
the studied samples correspond to a difflu-
ence zone active during a glacial maximum
(Brum et al., 1992, 1993; Vidal Romani et
al., 1990 a and b; Vidal Romani et al., 1999;
Fernandez Mosquera et al. 2000). By then,
there were generated the glacial tongues of
Fecha, Curro and Vilamés (Vidal Romani
et al., 1990 a and b). The first sample (X-
1) (131£31 ka B.P. (21Ne)) corresponds to
a glacial polished bedrock located in the
Portela da Amoreira, at the riverhead of the
Vilamés River below the residual of Altar
of Cabroes. X-2 (231% 48 ka B.P. (21Ne)),
among 3 morainic ridges, is located on the
west slope of the valley of the Vilamés River
and is also a glacial polished bedrock ex-
posed after a previous glacial maximum
(Vidal Romani et al., 1990 a and b; Brum et
al., 1992, 1993).
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Fig. 6.
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5. DISCUSSION

The glacial history that has been pre-
served in Serra de Queixa-Invernadoiro and
Serra do Gerés-Xurés starts after the maxi-
mum glacial advance observed in the zone.
But the geomorphological mapping without
absolute datings only provides a relative se-
quence of glacial events. However, the chro-
nology established by cosmogenic nuclides
enables to give a new view to the subject
though the reconstructed geomorphological
history is very incomplete.

In Serra de Queixa-Invernadoiro (Figs
3a and b), the glacial system had been in its
maximum expansion when the Castifieira
moraine (Q-2) was formed. Its age of 155
+ 30 ka B.P. (21Ne) coincides with a cold
glacial episode in the Vostok ice core (Petit
et al., 1999) and is set up within the marine
isotopic stage 6. The height of the moraine
above the bottom of the present valley in-
dicates a maximum thickness of the ice cap
of about 200 m. The thickness of the mo-
raine in its ending part, hardly 2 m, and its
beveled morphology indicate a unique epi-
sode of glacial advance. Moreover, in front
of the Castifieiras moraine the features of
the terrain change suddenly: the bedrock
appears covered by a thick mantle of gran-
ite regolith and small granite rock residu-
als (tor and castellated rock type) outcrop
frequently, thus proving that the glacial
advance never exceeded this point. For the
Spanish Pyrenees, Pefa et al. (2004) estab-
lish the oldest Pleistocene glacial stage for
this zone, the Sabifianigo Phase, whose age
was set up by OSL in fluvioglacial terraces
in 155 £ 24 and 156 £ 10 ka B.P,, the same
as for Q-2.

Q-6 (85 £ 24 ka B.P. (21 Ne)) dates the di-
vision of the unique, former ice cap of Que-
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ixa-Invernadoiro into two separated masses:
the Conso and the Cerveira areas. Its height
over the bottom of the present valley gives
a thickness of the ice cap at this point of
about 167 m. The obtained age could be
assigned to the end of the marine isotopic
stage 5a. According to Pefia et al. (2004),
in the Spanish Pyrenees the Aurin Phase,
dated in 85 %5 ka B.P. by OSL in fluviogla-
cial terraces, corresponds to Q-6, again co-
inciding the chronology of the glaciation of
the Spanish Pyrenees with that of Serra de
Queixa-Invernadoiro.

Q-3 marks the end of the construction
of the Chaguazoso moraine, and the ages,
22+17 ka B.P. (21Ne) and 24+2 ka B.P.
(10Be), coincide substantially and represent
the end of a long cold period associated to
marine isotopic stages 2 and 3. The Chagua-
z0so moraine is characterized by its big di-
mensions (40 m thick). This suggests that
this last accretion should retrieve for a long
time producing the great accumulation. In
another peninsular glaciated zone located in
the Sierra de Guadarrama, Spanish Central
System, in the glacial cirque of Pefalara, a
push moraine with similar characteristics
(35 m thick) has a similar age determined
by 10Be (Pedraza personal communication).
This may indicate a stability for this stage
of the Iberian glaciations, with continued
small advances and retreats that explain the
huge development in height of moraines.
This stage is also the last maximum extent in
the Pyrenees (Pallas et al., 2006) and in the
major ice sheets of Britain and Scandinavia
(Hughes et al., 20006).

Q-4 in Serra de Queixa-Invernadoiro
gave an age of 1617 ka B.P. (21Ne) and
14+2 ka B.P. (10Be), yielded again good
agreement between both cosmogenic nu-
clides. It corresponds to the very end of
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the deglaciation stage of the sierra. By the
same time Laguna Grande-As Lamas silting
begins (13,4+4 ka B.P) (Vidal Romani and
Santos, 1993; Ramil-Rego et al., 1998).

In Serra do Gerés-Xurés (Figs 4a and b)
the chronological record is older and reaches
up to marine isotopic stage 8. X-2, 231148
ka B.P. (21Ne), corresponds to a glacial ex-
pansion with diffluence from the Portuguese
zone to the Spanish one (Vidal Romani
et al.,, 1990 a and b). At that moment the
maximum thickness of the ice cap should be
similar to the ones of Serra de Queixa-Inver-
nadoiro. X-2 is located among 3 morainic
ridges: one corresponding to an advanced
pulsation, and the other two formed in one
later pulsation (Brum et al., 1992), though
all of them within the diffluence stage.

X-1, 135+31 ka B.P. (21Ne), marks the
end of the diffluence into the Spanish zone,
and, therefore, the beginning of the degla-
ciation, falling into the marine isotopic stage
Se. The oldest sample dated in the Massif of
Queixa-Invernadoiro would correspond to
an intermediate stage between X-2 and X-1
in Serra do Gerés-Xurés.

Based on our data, the glacial maximum
in Serra do Gerés-Xurés would be the oldest
date known up to now for the glaciarism in
the whole Iberian Peninsula. There exists a
reference of a glaciation in the French Pyre-
nees (Quinif and Maire 1996) with a similar
age (225+14.7/-12.8 ka B.P) determined by
234U/238 from a speleothem.

6. CONCLUSIONS

The study of the glacial dynamics in two
areas of the NW Iberia has posed many
challenges for years. The glaciation devel-
oped over granitic bedrock with a poor and
bad differentiated sedimentary and geomor-
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phological record. Thus, the geomorpholog-
ical data only allowed the establishment of a
relative sequence of events. The area affect-
ed by the glaciation has been established by
direct (micromorphology of lodgement till,
morphoscopy of quartz grains at the SEM)
and indirect (presence of regolith, granite
residuals) criteria, these latter exclusive of
non-glaciated zones. The absolute chronol-
ogy has been determined by two cosmogenic
nuclides (10Be and 21Ne) that show a good
correlation grade between them. The ages
obtained for these massifs are also found in
other glaciated massifs of Iberia (Pyreneans,
Central System) dated by cosmogenics 10Be,
OSL or by 234U/238U. There also exists a
good correlation grade with the cold phases
marked by the marine isotopic stages of the
Vostok ice core. Our work allowed us to dis-
tinguish glacial stages corresponding to 3
different glacial isotopic stages, the age of
the morainic blocks coinciding with glacial
advances and the age of the polish surfaces
with deglaciation stages (Petit et al., 1999).
The combined use of geomorphological,
micromorphological and SEM techniques
and cosmogenic nuclides was very useful to
define the glacial dynamics and chronology
of these small ice caps separated from the
main glaciation.
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