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PRESENT-DAY HYDRO-AEOLIAN PROCESSES IN THE SERRA DO
GERES, NW PORTUGAL

GONCALO TELES VIEIRA*

Abstract

Resumo

Micro-scale features developed in coarse sand deposits present in the higher interfluves of the Serra do
Gerés are studied. Two main types of features were identified: simple lag-surfaces and micro-
accumulations against obstacles, A morphological typology for the later is presented. The morphological
study, grain-size analysis and comparison of the aspect and location of the micro-accumulations against
obstacles with shrub anemomorphisms allowed a first genetical interpretation for the studied features. This
approach emphasises the importanee of water and wind erosion in the Serra do Gerés higher areas. The role
of water erosion in the genesis of simple lag-surfaces and micro-accumulations against obstacles is mainly
by washing of the fines. Wind erosion acts twofolds threugh accumulation and deflation of fines.

Key-words: Hydro-acolian processes, lag-surface, micro-accumulation against obstacle, Serra do Gerds,
mountain envirenments.

Processos hidro-gdficos actuais na Serra do Gerés - O estudo geomorfolégico de pormenor de um inter-
fldvio localizado praximo do sector mais elevado da Serra do Gerds (Outeiro do Pdssaro), toernou evidente

a importingia morfogenética do vento nas dreas mais elevadas daquela serra, Foram estudados depdsitos
de arcia granitica grosseira localizados nas dreas mais expostas ao vento. Dois tipos principais de
depdsitos foram identificados: as lag-surface simples ¢ as micro-acumulagdes de encontro a obstédculos.

As lag-surface simples correspondem a depdsitos de areia granitica, normalmente presentes em dreas apla-
nadas, como pequenos canais de escoarmento, sectores plancs de verientes graniticas ou pias amplas e com
rebordo degradado. A superficie destes depésitos & constituida por uma fina camada de arcia grosseira ¢
grinulos, que contrasta com o material subjacente, mais fino e heteromélrico. Os dados discutidos no pre-
sente arligo apontam para que sejam superficies resultantes da lavagem dos sedimentos mais finos, embora
sefa possivel que o vento, através da deflagiio, também esteja na sua origem.

As micro-acumulagdes de encontro a cbsticulos sio os depdsitos que apresentam wma génese mais com-
plexa. Tratam-se de pequenos taludes decimétricos a métricos que se acumulam de encontro a um ob-
stdculo, que pode ser um afloramento rochoso ou wm pequeno arbusto. No que respeita & morfologia, foram
identificados trés tipos principais deste depdsito: as micro-acumulagbes incipientes; as linguas de grinulos;
¢ as linguas de grinulos com blow-out. Os primeiros sio acumulagdes de 10 a 20cm de topo i base. que
bordejatn muiias vezes pequenos canais de escoamento. Apresentam-se normalmente depositados de en-
contro & vegetaghio que os limita ¢ pedem-se estender lateralmente por virios metros. As iinguas de grinu-
tos surgem associadas 3s micro-acumalagdes incipientes, constituindo sectores com um nitido desenvol-
vimento longitudinal, que corresponde a um avango sobre a vegetacio. TEm na base, cerca de 20 2 30cm de
largura, estreitando para o topo, sende o comprimento geralmente inferior a Im. Quanto as linguas de
grinulos com blow-out, estas correspondem a uma ampliagio das anteriores, originada essenciaimente pelo
avango dos grinuios, podendo chegar a 1,5m de comprimento ¢ a uma largura de 1m. Podem alargar para o
topo ¢ siio raras na drea estudada.

Uma caracteristica importante das micre-acumulagdes de encontro an obstdculo que ¢ facilmente obser-
vivel no campo, ¢ a diferenga granulométrica entre o material presente 4 superficie ¢ a camada subjacente.
O material superficial corresponde a uma camada homomélrica de cerca de fom de espessura de areia gros-
seira e grinulos, enquanto a camada sub-superficial & heterométrica, mats fina e rica em matéria orgfinica.
A andlise granuloméirica das duas camadas em virios depdsitos, e em posigbes distintas ac mesmo
depdsito, possibilitou a sua caracterizagiio ¢ confirmou as observagdes macroscdpicas de campo. Permitiu
ainda identificar um aumenio na dimensio dos griios, longitedinalmente, do topo para a base das micro-
acumulagdes.

Foi ainda elaborada uma cartografia de pormenor das micro-acumulagdes de encentre ao obstdculo na drea
esiudada, tendo sido identificada a exposi¢io das micro-acumulagSes. Estas apresentam uma orientagiio
exclusiva entre Sul ¢ Sudeeste, a qual corresponde is anemomorfoses de arbustos de Callune valgaris ¢
Eriga spp, que foram cartografadas ao fongo de um percurso escolhido na drca de estudo.

Considerando os dados morfoldgicos, granufométricos e os resultantes da cartogralia de pormenor, ¢ pro-
posto um modelo para a génese das micro-acumulagdes de encontro ao obsticulo. Seria necessdria uma fase
inicial de acumulagfio, de origem edlica, que originaria um talude de encontre a um cbstdculo. Seguir-se-ia
a deflagio e lavagem dos sedimentos mais finos da sua superficie, dando origem a uma pelicula grosseira,
com um grinulo de espessura. Para que esia pelicela se torne mais espessa, & necessdria a ccorréneia de no-
vos episddios de acumulagio, intercalados com episddios de lavagens e deflagiio dos sedimentos mais [inos
anteriormente acumulados sobre a peliculi grosscira,

O micro-modelade estudado ilustra de forma clara 2 importincia do vento come agente morfogenético nas
dreas elevadas ¢ com {raca cobertura vegetal da Serra do Geré€s.

Palavras-chave: Processos hidro-cdlicos. lag-surfuce, micro-acumulagiio de encontro ao obstieulo, Sera
do Gerds, ambienies de montanha.
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1. INTRODUCTION

The Serra do Gerds is a granite mountain range
in Northwest Portugal, located between 7°55'W and
8°10'W and 41°41'N and 41°53'N (Figure 1). It
reaches a maximum altitude of 1545 m a.s.l. and the
higher interfluves form a plateau that gently slopes
to Southwest, between about 1500 and 900 m as.L
This plateau is dissected by deep valleys following
tectonic lineaments. The valleys are in most cases V
shaped reflecting tectonic uplift conditions and the
importance of linear erosion processes.

A very significant characteristic in the Serra do
Gerés is the difference in the vegetation between the
upper {upper slopes and plateaus) and the lower ar-
eas (lower slopes and valley bottoms). The later
have usually a well developed vegetation cover in
many cases with forest, while the former are almost
totally naked areas where granite is directly exposed
to sub-aerial processes. In the plateaus only small
shrubs grow, normally in a discontinuous fashion,
being continuous vegetation restricted to small and
scattered accumulation basins. In this way, the
mesoscale vegetation pattern reflects the overall
distribution of bare-rock vs weathering mantles,
being the former dominant in the higher parts of the
mountain and the later in the lower parts. The bor-
der between both, although variable is normally at
about 800/900 m a.s 1.

The position of the Serra do Gerés in the Portu-
guese Northwest is very significant to ils climatic
characteristics. The area benefits from the influence
of wel Allantic air masses and also from a marginal
Mediterranecan climate. Thus it is extremely wet

with dry and warm summer intervals. Mean annual
precipitation reaches 3500 mm in the upper areas.
The mean number of days with rain varies from 110
to 160 per year (DAVEAU et al., 1977).

The significance of water erosion processes can
be estimated from the maximum daily rainfall. A
maximum of 337 mm in one day was measured at
Juncéda's rain gauge, while intensities between 126
and 200 mm per day correspond to the 5 year return
period. Most of the precipitation falls in winter,
autumn and spring, being snowfall low and almost
insignificant as a morphogenetic agent.

Thermal records are few and absent to the higher
areas. The meteorological station of Gerés (480 m
a.s.1.) with a six year record shows a simple thermal
regime with a mean annual temperature of +14°C. In
August the mean is +21°C and in February +8°C. An
estimation of the thermal characteristics of the
higher areas by DAVEAU and col. (1985) point o
more than 40 days with minimum air temperature
under 0°C and to an average minimum temperature
of the coldest month lower than +1°C. For summer
temperatures the same authors point to less than 20
days with maximum above +25°C and maximum
mean temperature of the warmest month under
+23°C. Unfortunately no other safe information on
climate characteristics of the upper arcas exists.

The study of the morphogenesis in the Serra do
Gerés revealed an altitudinal zoning of the active
morphogenetic processes in the mountain range
{(VIEIRA, 1995). Three distinct belts were identified:
the forest belt; the intermediate slope belt; and the
upper beft in which this paper focus. This belt
includes the bare-rock plateau surfaces and appears

2T

gw Z

Coimbra
-t

Figure | - Location of the Serra do Gerés and the Quieiro do Passaro arca.
Figura 1 - Localizagiio da Serra do Gerds ¢ da drea do Outeiro do Pdssaro.
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above the intermediate slope belt. In the external ar-
eas its [ower limit is at about 900m a.s.]. and in the
inner parts of the massif at about 1100m as.l.
Slopes of low to medium gradient are clearly domi-
nant. Vegetation cover is very sparse and bare-rock
almost omnipresent. Coarse-grained sand deposits
can be found in badly drained basins and in the
flatter areas. The main active processes in the upper
belt are rock weathering (both chemical and physi-
cal), overland flow, aeolian erosion and slow rock-
slides (VIEIRA, 1995).

2. THE QUTEIRO DO PASSARO AREA

The research focused in a small area (0.5km? -
QOuteiro do Pdssaro) which was studied in detail.
From a morphological point of view the area forms
an irregular interfluve with rock domes and small
basins (Fig. 2). Its height varies between 1430 and
1482m a.s.. Convex units correspond normally to
bare-rock areas with a weathering-limited situation.
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Figure 2 - The Outeiro do Pdssaro area and location
of the sampling spots.

Figura 2 - Localizagfio das amosiras na drea do Quleiro
do Pissaro.
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In the concave and [Tatler areas a transport-limited
situation dominates originating coarse sand accu-
mulations. These differ substantially from sitc (o
site, their characteristics depending mainly on topo-
graphic position and surrounding landforms, which
induce different transport energies. These morpho-
genctic environments were characterised elsewhere
(VIEIRA, 1995). The ones which are more important
to this study are the “well-drained coarse-grained
sand accumulations” which develop mainly in low
gradient sectors (normally less than 5%). These arecas
present thin accumulations of granite sand (<20cm)
colonised by short shrubs (30-40em) which cover
about 50-60% of the area. Calluna vulgaris, Erica
spp and Chamaespartium tridentatum arc the more
representative species.

Shrubs grow in elongated tufts bordering small
runoff channels. These erode the coarse sand de-
posit, normally not reaching the in situ granite. The
channels are 1 to 2m wide and present a very
smooth longitudinal profile. The vegetation that
borders them is lying in most cases about 10cm
higher than the channel bottom, contacting with the
coarse sand deposit,

Maybe the more interesting aspect of the above
described micro-environment is the presence of dis-
tinct micro-morphological features with a complex
hydro-acolian genesis. In this group of micro-forms,
we can include from simple lag-surfaces to micro-
accumulations against obstacles, which arc de-
scribed below. These features are not exclusive
from the *“well-drained coarse-grained sand accu-
mulations” and are also found in bare-rock slopes,
where a thin veneer of coarse-sand is present.

3. MORPHOLOGICAL CHARACTERISTICS OF THE
HYDRO-AEQLIAN FEATURES

The micro-morphology developed in (he sandy
deposits of the Quleiro do Pdssaro arca is diverse
and complex. Its genesis seems controlled by both
aeolian and wash processes. A very significant
characteristic of the deposits where these features
develop is a (ypical double-layer erain-size
differentiation. The top lem layer is a coarse-
grained, homometric and clearly positive skewed
deposit of coarse sand and granules; while
in the lower layer, granulometric characteristics
vary a lot, being this, usually finer and more het-
erometric than the former (Fig. 3). Grain-sive curves
from this layer arc very variable, as is described
below.

In this first approach, the micro-morphoelogical
features are divided in two major groups: simple
lag-surfaces and micro-accumulations against obsta-
cles.
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Figure 3 - Typical profile of a micro-accumulation against an obstacle and typical grain-size curves for the su-

perficial and subsuperficial layers.

Figura 3 - Perfil e curvas granulométricas tipicas de uma micro-acumulagio de encontro a um obstéculo.

3.1 Simple Lag-Surfaces

The simple lag-surfaces are flat superficial de-
posits of coarse sand and granules, normally one-
granule thick, lying over an heteromeltric sandy- silt
deposit. The simple lag-surfaces present in the
Outeiro do Passaro area should not be considered
genetically as acolian, being the result of the com-
bined action of wind {deflation} and water erosion
{wash). They appear in sand deposits in areas under
2° of gradicnt, many limes in runoff channel bot-
toms, this suggesting a water related genesis. Al-
though, simple lag-surfaces are also found on bare-
rock surfaces with a coarse sand cover, this being
cspecially frequent inside wide gnammas.

Laterally the characteristics of the lag-surfaces
are very variable. Ground surface can be totally
covered by coarse sand and granules, or, as it is
common in the runoff channels bottom, by a sparse
granule cover over finer and more compacted sand.
In most cases, lag-surfaces develop in sectors con-
tacting with micro-accumulations against obstacles,
functioning alse as sediment feeding arcas to the
later, mainly by deflation.

The distinction between simple lag-surfaces and
the micro-accumulations against obstlacles is not al-
ways clear, once many times there is a spatial conti-
nuity between them. In a sedimentolegical perspec-
tive, it is difficult 1o distinguish between both,
because the upper layer of the later is also a
lag-surface. In this way, the characteristic which
differentiates  them is eminently morphological.
Simple lag-surfaces present a flat or aimost [lat
surface (<2°), while micro-accumulalions against
ohstacles present a small slope, usually with a gra-
dient between 10 and 22°. The former are erosional
features, while the fater are mainly accumulation
forms with selective crosion rework of the fine ma-
terial.
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3.2 Micro-accumulations against obstacles

The micro-accumulations against obstacles are
the more interesting kind of hydro-acolian deposit
found in the study area. They are small accumula-
tions of coarse-sand that occur lying against small
shrubs or rock outcrops. An easily observed macro-
scopic characteristic is the grain-size difference
between a superficial layer of about lem thick and
the underlying material. The top layer is coarse-
grained and homometric, while the lower deposit is
finer, more heterometric (Fig. 3) and has a bigger
organic matler content. This difference is continu-
ous all over the surface of the accumulation.

The size of these features is variable, with a lon-
gitudinal [ength ranging from a few decimetres Lo
more than 1 metre. They can be classified according
to their size and morphology. Following this crile-
ria, three types of features were identified: incipient
micro-accumulations, climbing tongues and climb-
ing longues with blow-out (Fig. 4).

The ineipient micro-accumulations are the more
common of the three types of features. They are
small accumuiations with a slope of 10 to 20 cm
fength, that border runoff channels, showing many
times a laterai continuity for several metres (Fig. 4
and 3). The accumulation is originated by the obsta-
cle caused by the vegetation which borders the
channels (normally Calluna vulgaris or Chamaes-
partium tridentatunt). The small longitudinal size of
these features is probably a consequence of the
availability of material in the source sector.

Climbing tongues are forms that appear associ-
ated to the incipient micro-accumulations, inter-
rupting their lateral continuity. Morphologically,
they are tongue shaped sectors of coarse sand mate-
rial with a typical longitudinal development, that
climb over the vegetation (Fig. 4). They are abowt
20 to 30 cm wide (in the lower sector), straightening
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towards the top. The observed features are less than
1 metre fong. Their genesis can be related to higher
sediment input sectors, this resulling from more
material available in the source sector or from
higher wind speeds resulting [rom micro-scale
channelling. Vegetation characteristics (i.e. leaf
density or branch resistance) as well as morphologi-
cal factors, can be also determinant to their location.
Climbing tongues with blow-out are rare. They
can be more than 1 metre long and have a variable
width, normally with 40-50cm in the lower sector,
and widening in some cases towards the top (Fig. 4

Figure 4 - Morphological types of micro-
accumulations againsl obstacles. a) incipieatl micro-
accumulation against obstacle; b) climbing tongue;
c) climbing tongue with blow-out.

Figura 4 - Tipos de micro-acumulagGes de encontro ao
obstdculo. a) micro-acumulaciio incipicnie: b) lingua de
grinulos; ¢) lingua de grinuies com blow-out.

and 6). They clearly indicate a significant advance
of the sediments over the vegetation.

It is casy to note a grading between the three
types of features described, corresponding probably
the incipient micro-accumulations Lo an initial stage,
and the climbing tongues with blow-out to a late
evolutionary stage. The sequence is not necessarily
a function of time, but a conjugation with several
factors (i.e. sediment sources and their characteris-
tics, vegetation characteristics and micro-scale wind
patterns).

The above presented typology is a generalisation
attempt. Several hydro-aeolian features with inter-
mediate characteristics were not included (i.c. stair-
like micrg-accumulations)

4. SEDIMENTOLOGICAL ANALYSIS

Grain-size analysis was carried out at the Labo-
ratory of Physical Geography of the Centro de Estu-
dos Geograficos. Different fealures were sampled
taking in account the vertical grain-size differences
pointed above. In this way, the superficial layer was
sampled, as well as the underiying layer. This al-
lowed a characterisation of vertical grain-size
changes. Some {eatures were also sampled in their
upper and lower scclors, being possible to charac-
terise longitudinal grain-size changes.

Samples were subject to a submersion in water
with hydrogen peroxide for organic matler destrue-
tion. Grain-size analysis of the coarse fraction
(<621) was done by gravitic sieving using 0.5¢ in-
terval sieves,

Grain-size distributions were characterised using
the following statistical parameters (FRIEDMAN &
SANDERS, 1978, p.75):

Graphic mean:
Mz = D16+ P50+ Pua
) 3

Inciusive graphic standard deviation:
84 — (¢hé 95— @5
o o D=t gr—9
4 6.6

Inclusive graphic skewness:

SKI = haa + e — 2ds0 + ¢os + s — Lipsn
Ay 2pm—go)

Graphic kurlosis:

quo_ Pums
2.44( @75 — @a2s)
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5 ipi 1 i i i el issaro arca (95/02/04).
Figure 5 - Inciplent micro-accumulations agamst lobstaclcs in the Oulcu:o do P:}sslzuo arca ( )]
Figura 5 - Micro-acumulagdes incipientes na area do Outeiro do Péssaro.

Figure 6 - Climbing toague with blow-out in the Outeiro do Pdssaro area {95/02/04). Note the longitudinal de-
velopment of the accumulation, clearly elimbing over the small shrubs.

Figura 6 - Lingua de grinulos com blow-out na drea do Outeiro do Pdssaro, Note-se o desenvelvimento longitudinal da
acumulacio avangando sobre peguenos arbustos.
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4.1 Vertical grain-size analysis
a) Superficial iayer

The grain-gize analysis of the superficial layer of
different  micro-accumulations against
(MAQ) and also [rom simple lag-surfaces (SLS)
over bare-rock shows the coarse character of these
layers. Two groups of deposits can be distinguished:
one from the MAQO’s and one from the SLS’s.

Samples from the upper layer of MAQ’s show
very similar curves and always a very positive
skewness (Fig. 7, Table [ and II). However, if we
take in account the modal class and kurtosis, they
form two distinet groups. One group of samples has
the mode in the class -1.5¢ (Type 1 - Ad, A9, Al5,
Al8, A24, A3l, A32 and A40} and other, in the
class -2¢ (Type 2 - AZ0, A36 and A39), being
coarser than the former. Type 1 presents mesokurtic
to very leptokurtic curves, while type 2 shows
higher sediment concentration in the modal class,
being leptokurlic to extremely leptokurtic. Both

Mesokurtic Very Extremely
leptokurtic leptokurtic
Table I - Shadings applied in tables 1, ITf and IV.
Tabela [ - Sombreados usades nas tabelas IE, [IEc TV,
99_9; L L | i i | i i i i i 1]
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. in §
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W % Type 1 Supetriicial layer L
1.00
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0.01 L B e S SN St Wy R B B S e O
I - e T - T T T
phi

types are moderately-sorted to very well-sorted, ex-
cept the samples Al3S and A32 which are in the
lower limit of the poorly-soried class.

In what respects to SLS’s, the sampled deposits
have different characteristics when compared to
MAQ’s, and also between them. The curves are
positive to very positive skewed and are also coarse-
grained (Fig. 8 and Table II). Sorting is poor and
the grain-size distribution is platykurtic, these being
important differences when compared to MAO’s,

The characteristics shown above may indicate a
greater dependence of the SLS’s superficial fayer on
the disintegration of the mother rock and directly
from site characteristics. In what respects to the
MAQ’s superficial layer, the similarity of the sam-
ples seems to indicate a common genesis, not di-
rectly dependent on site characteristics. As it will be
pointed below, the difference in the modal class
which allows the distinction of two types in the
MAQO’s may be related to different site energies or
evolutionary stage.
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Figure 7 - Grain-size cumulative-frequency curves
of micro-accumulations against obstacles from the
Outeiro do Pdssaro area.

Figura 7 - Curvas granuloméltricas de frequéncias cumu-
lativas de micro-acumulagdes da 4rea do Outeiro do Pids-
saro.

b) Subsuperficial layer

The analysis of the samples from the subsuperficial
layer of MAQ's has shown that this layer does not
present a typical grain-size curve, with significant
changes in the modal class and overall grain-size
distribution (Fig. 7 and Table III). Samples are finer
and worst sorted than the superficial layers, Skew-
ness and modal class sediment concentration (kurto-
sis) are very variable. Samples are mesokurtic to
very platikurtic. If we compare the grain-size curves
with the curves from the overlying samples, they are
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Mz
EGIA -1.60
EGIB -1.350
EGIC  -1.50
EGID  -1.30

EGIE -0.40 1.04 0.33 1.20
EGIF 0.57 178 - 0.13 0900

EG2A  -1.90
EG2B  -1L.70
EG2C  -1.50
EG2D -1.40
EG2E -0.60
EG2F (.50

Table II - Grain-size characteristics of superficial
samples of micro-accumulations against obstacles
and simple lag-surfaces of the Outeiro do Pdssaro
area.

Tabela 1l - Caracteristicas granuloméiricas da amostras
superficiais de micro-acumulagbes de encontro a ob-
sticulos e de iag-surfaces simples da drea do Quteiro do
Péssaro.

.
%

99,99 I E I t 1 ! L ! ! 4 1 i

998G -

98.00 -

9500 -
§0.00 -

70.00

50.00

| N

30.00

i

10,00
5.00

3

1.00

Y 8UPERFICIAL LAYER r
V/7/) SUBSUPERFIGIALLAYER [

0.0t —

N S VO W

¢.10

T 3 { T

1.0 -

T T T T T
T B S woa m e ow oa oW
C:I — -— L3 =4 (=] — o o~ Lyl L] - =r

phi

Figure 8 - Grain-size cumulative-frequency curves
of grain-size of simple lag-surfaces from the
Outeiro do Péssaro area.

Figura 8 - Curvas granulométricas de frequéncias cumu-

lativas de lag.surfaces simples da drea do Outeiro do Pés-
saro.
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very distinet and it is clear the layering peinted
above (Fig. 7).

The subsuperficial samples from SLS’s evidence
also a vertical sorting. The studied samples are still
few but show the same kind of characteristics of the
subsuperficial layers of MAO’s (Fig. 8 and Table
II). Comparing these samples with the oncs {rom
the supcrﬁEial layer, a distinction between both is
clear (Fig, 8). Although an overlapping exists be-
tween the grain-size curves of the studied samples.
This may also rellect the greater genetical proximity
between the superficial layer and the underlying
parent deposit.

4.2 Longitudinal grain-size analysis

In order to characterise longitudinal grain-size
changes in a MAQ, samples were taken {rom the
lower and upper seclor in one site. The verlical
grain-size variation was also analysed.

The two superficial samples (A39 and A40) pre-
sent the Lypical grain-size curves of this layer. A
longitudinal coarsening from the upper to Lhe lower
sector is however presenl. The upper sector has a
mode of -1.5¢ and a graphic mean ol -1.4¢, while
the lower sector presents a mode of -2¢ and a
graphic mean of -1.7¢ (Fig. 9 and Table II). Both
samples arc moderately sorled, very positive-
skewed and very leptokurtic. Although these pa-
ramelers are more extreme in the lower sector.

The subsuperficial samples (A41 and A42) in
both sectors are finer and weakly sorted (Fig. 7 and
Table II1). The lower sector is positive-skewed and
the upper sector is-very positive-skewed. It is spe-
cially interesting to note the similarity of the grain-
size curves of the subsuperficial layers above -0.5¢
(70% of the weight of the samples) when ploited in
the cumulative-frequency graph. The same happens
for the superficial samples, although in this case the
strilarity is not so clear and only affects about 10%
of the samples’ weight. The meaning of this simi-
larity is nof yet established.

4.3 Analysis of a climbing tongue with blow-out

The climbing tongue with blow-out studied here
is located in a coarse-grained sand accumulation
micro-environment North of the Quteiro do Pdssaro.
It is a climbing tongue with blow-out in an early
evolution stage (still in the transition from a climb-
ing tongue). It is situated in the margin of a small
runoff channel, and presents a Southwest aspect.
It measures about 180cm from bottom to top and
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Mz al SKi

Ad -1.2 0.80 0.43
AG* -0.1 .51 0.15
AD -1.4 (.68 041 200970
AlS -1.1 1.00 0.60 1.20

AlS 13 089 039 117
A20 17 059 100 4.26
A22¢ 07 136 032
A20% 10
A3] .18 1
A32  -13 100 060 1.60
A3G <15 079 100 145
A39 17 060 1.00 230
Ad0 14 062 053 1.50

*LSB’s

Table III « Grain-size characteristics of subsuperfi-
cial samples of micro-accumulations against obsta-
cles and simple lag-surfaces of the Outeiro do Pds-
saro area.

Tabela I - Caracteristicas granulométricas da amostras
sub-superficiais de micro-acumulagdes de encontro a ob-
sticulos e de lag-surfaces simples da drea do Quieiro do
Pdssaro.
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Figure 9 - Grain-size cumulative-frequency curves
illustrating the longitudinal differences in a micro-
accumulation against an obstacle from the Quteiro
do Pdssaro arca.
Figura 9 - Curvas granulométricas de frequéncias cumu-
lativas ilustrando as diferencias verificadas longitudinal-
mente numa micro-acumulagio de encontro ao obstdculo
na drea do Quteiro do Passaro.

EG1A/B/C/DIE/F
EG2A/B/C/D/E/F

Figure 10 - Profile of a climbing tonguc with biow-
out and position of the samples.

presents two distinct sectors in a longitudinal cross-
profile: the lower and intermediate sector have a 10°
gradient; and the upper sector presents about 22°
gradient. The accumulation is about 1m wide in the
lower sector, straightening towards the intermediate
sector, where it has about 40cm. This width is
maintained towards the top.

Deposits were sampled according to the tech-
nique presented by THORN & DARMODY (1985) and
used to study aeolian lag-surfaces in the Colorado
Front Range, USA. Six samples were taken from
two sectors of the accumulation (Fig. 10), in order
1o study grain-size changes from its top to boltom
{(longitudinal changes) and also with depth (vertical
changes). The deposit was sampled in each sector
by the application of four consecutive 22x22cm
stickers over the soil surface. In this way, it was
possible to analyse the granulometric properties of
the deposit in layers one granule thick. After this
procedure, the underlying lem depth material was
carefully sampled and also the 2cm beneath it. This
last two samples intended to characterise the un-
derlying more heterometric material.

The samples obtained with the sticker were
subject to a submersion in hot and dionised water in
order to set free the material. The granules which
did not set free were unsticked using a wooden
spatula.

The obtained grain-size curves does not show a
regular grading with depth, nor considering their
longitudinal position in the accumulaticn (Fig. 11
and 12). In fact, the relations are not simple, being
only possible to identify a rough tendency to a
grain-size and sorting reduction with depth. The
samples of the upper sector (EG1) always present
their mode in the -1.5¢ class, while in the lower
sector (EG2) it varies between -2¢ and -1.5¢.

Considering the statistical graphic parameters
(Table IV), it is clear a general lowering of the
graphic mean with depth, this meaning that there
seems to exist a general coarsening towards the
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Figure 11 - Grain-size cumulative—ﬁ‘equcncypg'urves
of the upper sector of a climbing-tongue with blow-
out: EGIA - Ist one-granule thick layer; EGIB -
2nd one-granule thick layer; EGIC - 3rd one-
granule thick layer; EGID - 4th one-granule thick
layer; EG1E - Tem thick layer under EGID; EGIF -
2cm thick layer under EG1E.

Figura 11 - Curvas de frequéncias cumulativas do scctor
inferior de uma lingua de grinulos com blow-out: EGIA
— 1* pelicula com 1 grinulo de cspessura; EGIB - 2°
pelicula com 1 grinulo de espessura; EGIC — 3" pelicula
com | grinulo de espessura; EG1D - 4° pelicula com 1
granulo de espessura; EGIE - camada com | cm de
espessura abaixo de EGID; EGI1F - camada com 2 cm de
espessura abaixo de EGIE;

surface. This is true both for the upper and lower
sectors.

The graphic mean supports the longitudinal re-
duction in grain-size from bottom to top (Table 1V).
The inchisive graphic standard deviation shows a
decrease in sorting with depth and also longitudi-
nally, from the top to the accumulation’s lower
sector. In the upper sector the first two layers are
very well-sorted and the two underlying layers are
well-sorted. In the. lower sector, according to the
sorting decrease, the superficial layer is very well-
sorted, the second and third layers are well-sorted
and the fourth layer is moderately-sorted. Tn both
sectors, the two deeper samples are poorly-sorted
reflecting an abrupt change in grain-size. This can
be caused by a change in the sampling method,
but also reflects the dual layering observed macro-
scopically in the field. The other two graphic pa-
rameters (SKI and KG) show an overall irregular
variation, being possible to identify a tendency for
a positive skewness in the upper sector samples and
for a very positive skewness in the lower sector
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Figure 12 - Grain-size cumulative-frequency Alirves
of the lower sector of a climbing-tongue with blow-
out: EG2A - 1st one-granule thick layer; EG2B -
2nd one-granule thick layer; EG2C - 3rd one-
granule thick layer; EG2D - 4th one-granule thick
layer; EG2E - lcm thick Jayer under EG2D; EG2F -
2crm thick layer under EG2E.

Figura 12 - Curvas de frequéncias cumulativas do scclor
inferior de uma lingua de grinulos com blow-out: EG2A
- 1* pelicula com | grinulo de espessura; EG2B - 2°
pelicula com 1 granulo de espessura; EG2C — 37 pelicuta
com 1 granulo de espessura; EG2D - 4° pelicoia com |
grinulo de espessura; EG2E - camada com 1 cm de
espessura abaixo de EG2D; EG2F - camada com 2 cm de
espessura abaixo de EG2E;

Mz Gl
A5 0.40 1,90
AT* 0.40 1.70
All -3.20 1.40
Al1G 0.27 1.78
A2l 0.90 1.80
A23* 1.20 1.80
A30*  -0.50 1.37
A33 0.30 2.00
A37 0.15 1.41
Adl 0.23 1.61
A42 0.22 1.89

Table IV - Grain-size characteristics of a climbing
tongue with blow-out of the Quteiro do Pdssaro
area.

Tabela IV - Caracteristicas granulométricas de uma lin-

gua de grinulos com blow-out da drea do Outeiro do Pas-
saro.
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5. DISTRIBUTION QF THE MICRO-ACCUMULATIONS
AGAINST OBSTACLES AND THE WIND PATTERNS

The deformation of the vegetation is widely used
in climatology studics, allowing the interpretation of
micro-scale wind patterns. The results obtained with
this method are normaily very reasonable in deter-
mining topographic influence in the wind fiow and
dominant wind dircctions (FERREIRA, 1984;
ALCOFORADO, 1984). The application of this tech-
nigue for geomorphological purposes, as far as it is
know by the author, is not very common. RUDBERG
(1968) used joint obscrvations [rom acolian mor-
phology, ancmomorphic deformations and vegeta-
tion scars to determine crosive wind directions. The
method used here is different. Deformations in the
vegetation cover which are considered of acolian
origin are used to support an acolian genesis for the
accumulations.

Mapping of the MAO’s was done exhaustively
at a scale 1:2,500 which was later reduced to
1:5,000. The map scale did not altow the individual
identification of the accumulations. The solution
was o group nearby features and to map them
punctually.

The same scale change procedure was used for
the vegeiation deformation map. The mapping is not
spatially exhaustive, but the chosen path allowed the
characterisation of the main local wind patterns.
Morphological and leaf dissimetries in small bushes
of Calluna vulgaris and Erica spp arc casily identi-
fiable and because of topographic, climatic and
ecological characteristics of the study area, attribut-
able 10 having an aeolian origin. Sometimes
Chamaespartium tridentatum individuals were also
used.

The cartography at 1:2,500 scale of the distribu-
tion and aspect of the micro-accumulations against
obstacles in the Outeiro do Pdssaro area was a very
important aid to their genctical interprctation. The
map shows clearly a dominant South to Southwest
aspect of the accumulations indicating the predomi-
nance of an unidirectional process in their genesis.
This is a good support to the aeolian hypothesis
which was confirmed when the deformation of the
vegetation was mapped and compared to the cartog-
raphy with the distribution and aspect of the MAQO’s
(Fig. 13). In fact, a very good relationship exists
between shrub anemomorphisms and the MAQO’s
aspect.

6. DISCUSSION

The morphology, grain-size analysis and the detailed
mapping of the micro-accumulations against obstacles
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of the Qutciro do Pdssaro arca aliow a first genetical
interpretation for those micro-forms.

Two main types of features were identificd: simple
fag-surfaces and micro-accumulations against obsta-
cles. From these, may be the more interesting ones in
a process perspective are the micro-accumulations
against obstacles.

Grain-stze characteristics of the studicd featurcs
show two significant aspects: the vertical layering
and (he longitudinal grain-size variation. The [irst
characteristic seems (o be the most important with a
clear distinction between a thin superficial layer of
coarse and homometric material and a subsuperficial
layer of finer and more heterometric material. The
second characteristic is a coarsening of the grain-size
from top to bottom of the accumulation.

Detailed field mapping of the micro-
accumulations against obstacles showed a dominant
South to Southwest aspecl of these {eatures. When
compared with the shrub deformation mapping, a very
satisfactory correspondence exists between both vari-
ables.

The above summarised characteristics seem to
indicate a genetical grading from the simple lag-
surfaces to the micro-accumulations against obstacles.

Simple lag-surfaces seem to be predominantly the
result of the washing of fines, a fact well supported by
the climatic characteristics of the area. Deflation may
also be important to their genesis, bul is not a neces-
sary process for their explanation. Washing and de-
flation of fines can thus contribute to a coarsening of
the superficial layer forming the simple lag-susface.

Micro-accumulations against obstacles are clearly
the more difficult features to explain. The correspon-
dence between their aspect and the anemomorphic
deformations of small shrubs is a good basis (o altrib-
ute them an acolian genesis. This would emphasise
the importance of the accumulation in their genesis.
The vertical sorting, which is continuous from top o
base may result from the washing and deflation ol
fines that occurs after the main accumulation phase
(Fig. 14a, b and c). However, the thickness of the
superficial layer (usually about lcm) makes it an
atypical lag-surface more than one granule thick. This
fact suggests that this layer may be the result of an
overlapping of one granule thick lag-surfaces which
evolved from multiple small accumulation episodes
over an original major accumulation (Fig. 14d). It is
thus necessary that a major initial accumuiation phasc
occurs (originating the microform), followed by mul-
tiple wash and deflation episodes intercalating with
smaller accumulation events (repetition of the se-
quence shown in Fig. 14c and 14d). This would allow
the thickening of the superficial layer.

It is also possible that needle-ice plays a role in
the sorting process, but this hypothesis is still being
studied.
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Figure 13 - Aeolian dynamics map of the Outeiro do Pdssaro arca (February 1993).
Figura 13 - Dindmica edlica da 4rea do Quteiro do Pdssaro (Fevereiro 1995)
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Figure 14 - Hypothesis for the genesis of micro-accumulations against obstacles.
Figura 14 - Hipdtese para a génese das micro-acumulagdes de encontro & obstdculos.

It is aiso possible that needle-ice plays a role in
the sorting process, but this hypothesis is still being
studied.

The longitudinal differentiation may be related to
an higher wash encrgy ncar the accumulation’s bot-
tom (sometimes accumulations lay at runoff channels
margins) and also o wind sorting during accumula-
tion events (the smaller granules are easier to trans-
port to the upper sectors of the MAQO’s).

The finer and more heterometric characteristics of
the subsuperficial layer may be related to the first
accumulation event, being afterwards protected from
deftation and washing by the superficial layer. A
downwards migration of fines from the surface is also
an hypothesis. Chemical weathering may also con-
tribute to the characteristics of this layer, once it is
older and has a higher water content than the superfi-
cial one,

The hydro-acolian hypothesis presented here
still preliminary and based on the available data, Tt
seems however that wind through deflation and accu-
mulation, and water mainly through washing, are very
important processes in the present:day morphogenesis
of the upper interfluves of the Serra do Gerés.
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