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Abstract: This study addresses the Holocene sedimentary succession at Martinhal coastal lowland
(Algarve), a site recording the AD1755 Lisbon tsunami. Data on twenty-four short cores and sixteen
trenches, retrieved from both the literature and new field work were combined to improve the
stratigraphic resolution and lateral correlation of sedimentary units accumulated in this lowland.
Four fining-upward depositional sequences (S1 to S4) were identified, showing spatial variation with
maximum thickness - S1: 0-3 m; S2: 1.0-2.4 m; S3: 0.2-1.0 m; S4: 0.3-2.3 m. Sequences S1, S2 and S3
consist of medium to coarse yellow sands with levels rich in bioclasts that give place upsequence to
brown organic silt and clay. Sequences S1 to S3 testify to the progressive infilling of a small estuary,
coeval with the progressive development and changes in efficiency of a sandy barrier. The
uppermost sequence (S4) is clearly different and also shows contrast in facies at seaward and
landward locations. S4 comprises: 1) seaward (ESE), a basal subunit with boulders to pebbly gravels
and coarse to medium well sorted sands, interpreted as deposited by the AD1755 tsunami, covered
by an upper subunit comprising an alternation of well sorted white sands and brown silts,
interpreted as aeolian/washover and flood deposits; 2) upstream (WNW), alternating layers of
poorly sorted very coarse to medium sands and brown silts represent flood plain accretion and
channel infill within the lowland. Quartz OSL dating was done by measuring small aliquots in samples
from the AD1755 event-layer and large aliquots in samples from other deposits. The coarser and
more basal sediment of the AD1755 sediment yielded overestimated OSL ages due to partial
bleaching; at the top, and in finer sediment, and also in the more landward locations, OSL ages are
closer to the true age of this event. At this location, routine Quartz OSL dating using large aliquots
can give useful data on the burial ages for a variety of sediments, provided that the burial time
exceeds ca. 1 ky. In contrast, recent abrupt-event sediments should be dated by measuring small
aliquots or single grains to get a better control on partial bleaching effects on OSL results.
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1. INTRODUCTION

This study addresses the Holocene sedimentary
succession at the Martinhal coastal lowland (Algarve,
southern Portugal; Fig. 1), a site documented in
historical descriptions as having been impacted by
the November 1 AD1755 Lisbon tsunami. The
tsunami occurred in full sunlight (by 9h30 a.m.),
raising the sea-level up to 11m along the Algarve and
penetrating inland up to 4 km. It had a major impact
on the geomorphology and sedimentology of
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Martinhal, a low-energy barred and infilled estuary.
The tsunami overwashed and breached the barrier
and deposited an extensive sand sheet across most of
the lowland (cf. eyewitness description in Silva Lopes,
1841). Earlier studies identified four major units in
the sedimentary infill of Martinhal lowland (Andrade
et al., 1997; Kortekaas, 2002; Kortekaas & Dawson,
2007; Fig. 2): Unit 1 - at the top consists of alternating
marine sand and mud layers, the former
corresponding to overwash episodes an the latter to
alluvial  material  deposited in  permanent
sedimentation regime. Unit 2: consists of faintly



laminated to structureless coarse to very coarse shell-
rich sand with rip-up clasts and “floating” boulders,
which becomes finer landward. The foraminiferal
content, the exotic boulders and the texture of the
sediment, together with the erosive nature of the
lower contact and landward thinning of the deposit
indicate deposition by a high energy marine event
and a sediment source located at the coast or the
proximal-nearshore; this layer has been related to the
AD 1755 event.

provides results and interpretations based on the
integration of previous (Fig. 2) and new data obtained
in 2006 (MRTO06) and 2009 (trenches MRTO9A to
MRTO9G; Fig. 3).

Fig.1. Location of Martinhal in the Algarve coast (southern
Portugal), 3 km NE of Cape Sagres.

Unit 3: comprises essentially silt and clay and
represents a low energy, brackish lagoon or barred
estuarine environment; Unit 4: at the base of the
Holocene succession, consists of medium sand with
marine bioclasts accumulated in a drowned estuarine
environment fully open to marine influence, pre-
dating the establishment of the barrier.

Praia do
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_limit unit 1, basal sand laye
limit recent overwash
* cores

(2002) and Kortekaas & Dawson (2007).

The set of OSL ages reported by Kortekaas & Dawson
(2007) from one trench (T8 — Fig. 2), were found to
be problematic. Cunha et al. (2008) dated the
sediment succession in a nearby trench (06 — Fig. 3).
The OSL ages (large aliquots) were in stratigraphic
order, but the tsunami sand yielded age results that
overestimate the true age of the event due to
incomplete bleaching effects. The present study
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The objectives of this study were:
f : - To integrate previous and new stratigraphic sections
0 125 250 __s00¢ aiming at detailing stratigraphical correlations;

- To improve understanding of lateral facies changes
in the tsunami deposit;

- To present new OSL data to enhance age control of
the Holocene sedimentary succession and of the
recorded geologic events;

- To discuss the best use of the available
methodologies and strategies for the dating of young
coastal sediments.

The study area consists of a small triangular-shaped
flat-floored estuarine valley separated from the sea
by a sand barrier comprising a beach and aeolian
dunes (Fig. 3). The barrier is normally continuous but
short episodes of marine flooding occur when the
barrier is breached during storms. The lowland dries
out in the summer in closed inlet conditions and is
periodically flooded by river water during the winter.
The tidal range is ca. 2.1 m, reaching ca. 3 m during
spring tides.

2. METHODS

Field-work comprised: geologic and geomorphologic
survey of the site; opening of 7 trenches (MRT09A —
MRTO09G); detailed stratigraphic and sedimentological
descriptions; sampling for textural and compositional
analysis and OSL dating. Laboratory work included
determinations of grain-size and composition of the
sediments. Finally, analysis and interpretation of the
data were made; a total of 24 cores and 16 sixteen
trenches (0.5 - 5m depth) were analyzed in order to
support stratigraphic correlations.

In detail, luminescence dating comprised:
1) Strategic sampling
- To date the stratigraphic units and major events;
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- To control the spatial changes and address eventual
age overestimation of the tsunami deposits.

2) OSL sample preparation and measurement

- Preparation of quartz grains (250-180 um fractions);
3) Dose evaluation

- OSL measurement;

- SAR protocol testing with pre-heat plateau, thermal
transfer and dose recovery;

- Measurement of small aliquots of the tsunami
sediment to minimize the effect of partial bleaching;
measurement of large aliquots of sediment from
other units;

- Purity confirmation by checking absence of IRSL
signal.

4) Dose-rate estimation

- Measurements by high resolution laboratory gamma
spectrometry; for thin layers (20-10 cm), gamma dose
rate modeling was needed.

5) OSL dating of sediment from modern analogues.

3. RESULTS AND DISCUSSION
3.1 Depositional sequences and architecture

The Holocene succession was cored to a maximum
thickness of ca. 5 m without reaching the Jurassic
basement. Correlation of the available stratigraphic
logs and OSL dating allowed us to propose 4
depositional sequences (S1 to S4), each sequence
fining and thinning upwards (Fig. 4). The sequences
show spatial variation in maximum thickness - S1: 0-3
m; S2: 1.0-2.4 m; S3: 0.2-1.0 m; S4: 0.3-2.3 m.

3.2 Depositional facies

Sequences S1 to S3 show coarse to medium yellow
sands that grade upcore into brown organic silt and
clay; in the lower sections, the levels are rich in
marine bioclasts. A ubiquitous marker horizon
consisting of rounded quartzite cobles dispersed in
silty sand occurs across the lowland at the base of S3.
This succession testifies the progressive infilling of a
small estuary, coeval with the progressive increase in
efficiency of the sandy barrier. The uppermost
sequence (S4) is clearly different, comprising: 1) near
the sea (ESE), a basal subunit that thins inland,
consisting of boulders to pebbly gravels and very
coarse to medium well sorted sands, showing an
erosive basal surface, which is interpreted as
deposited by the AD 1755 tsunami; an upper subunit
comprising an alternation of well sorted white sands
and brown silts, interpreted as interfingering
backbarrier aeolian (also overwash?) sands and
supratidal silts; 2) upstream (WNW), an alternation of
poorly sorted very coarse to medium sands and
brown silts, representing alluvial plain accretion and
filling of shallow channels; this sediment prism
thickens inland.
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Fig. 4. Detailed stratigraphic correlation along the A-B profile
shown in Fig. 2 (modified from Kortekaas & Dawson, 2007).

In the most seaward trench (MRT09G), the sand in
the lower S4 sequence correlated with the AD1755
event, exhibits seaward dipping, high angle planar
laminations, indicating seaward accretion by
reworking of the sand originally emplaced by the
high-energy marine inundation. Further inland,
wedging out sand units and small-scale sedimentary
structures in S4 sediment suggest post-depositional
reactivation of the tsunami deposits, associated with
backwash activity or later marine flooding events.
Field observations indicate that the landward limit of
the inundation was located further inland than
inferred from previous studies. The inundation
invaded the channels outletting in the lowland,



allowing fluvial and colluvial sediments to be later
moved into the lowland.

3.3 Luminescence dating

OSL dating of quartz grains collected from modern
analogues vyielded very young ages, as expected:
alluvial mud — 9 y; beach berm — 17 y; beach face —
55 y). The ages obtained from older deposits are
indicated in Fig. 3: (1) the top of the sandy layer at S2
sequence gave 4.7 ky; (2) the topmost part of S2 was
dated to ca. 1.7 ky; (3) the thin basal layer of cobbly
silty sand in S3 yielded an age of ca. 1.6 ky; (4) the
silts and clays of the middle and upper part of S3 are
1.5 ky at the base and the top is younger towards
WNW (397 vy, 380 y and 300 y); (5) the tsunami
subunit at the base of 54 yielded overestimated ages
(due to partial bleaching) in the coarse (basal) levels;
OSL ages obtained at the top and at more upstream
locations are closer to the true age of the driving
event (AD1755); (6) the upper part of S4 provided
ages of 160 to 70 y, and also some overestimated
ages from coarser sand layers. The peculiar cobbly
layer at the base of S4 represents a high energy
deposit with regional expression at the scale of this
lowland but its driving mechanism remains to be
explained.

4. CONCLUSIONS

In the Holocene succession of Martinhal lowland, a
detailed stratigraphy was obtained and four
depositional sequences identified. Each sequence is
fining and thinning upwards and shows spatial
variation in thickness. The sedimentary succession
testifies to the progressive infilling of a small estuary,
coeval with the progressive development of a sandy
barrier. The lower depositional sequences (S1 to S3)
show shell-rich coarse to medium yellow sands at the
base, which are topped by brown silt and organic
clay. The base of S4 is made of a ubiquitous sand
layer clearly associated with the AD1755 tsunami,
which is covered by alternating well sorted sands and
brown silts, interpreted as backbarrier deposits
showing interfingering of aeolian/washover(?) sands
with flood related silts. The identification of the
AD1755 tsunamite was based on its 3D geometry and
inland extension, complex depositional architecture,
sedimentary facies, detailed OSL dating, but also by
the compositional signature (provenance) of the
sediment.

OSL dating of quartz grains (small aliquots) proved to
be efficient in dating the AD1755 tsunami sediments,
though the basal and coarser layers of the deposit
show age overestimation, induced by partial
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bleaching. Reduction of age-biasing may be achieved
by dating the finer (most superficial) sand facies in
the tsunami deposits and selecting more inland
locations for sampling, to increase the chance of the
sediment having been exposed and undisturbed for
longer periods, thus yielding dates closer to the burial
age. OSL dating of the sediment framing the abrupt-
event layer, even if the texture changes from coarse
to fine grained sediment, proved to be efficient in
time-constraining the event under investigation.

Routine Quartz OSL dating using large aliquots can
give useful data on the burial age of sediment of
different facies provided that that age exceeds ca. 1
ky. Younger deposits and especially younger abrupt-
event deposits require measuring small aliquots or
single grains in order to increase control on partial
bleaching effects. These are driven by both the short
time-scale of the transport event and also the
incorporation of older particles entrained from
bottom materials at the moment of the high-energy
inundation.
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PRESENTACION DE MIA15

Han transcurrido 20 afios desde que en el afio 1994 se realizé la convocatoria del 12 Simposio
Internacional sobre el Margen Continental Ibérico Atlantico (MIA). Es momento de hacer
balance de los logros alcanzados durante este tiempo, y analizar las dificultades encontradas
en este largo camino que hubieran podido ralentizar la deseable dinamica de cooperacion
cientifica marina que este foro fomenta entre los dos estados ibéricos.

No son pocos los retos cientificos que habran de arrostrarse en el inmediato futuro y que
requeriran enfoques cientificos coordinados y cooperativos, puesto que centraran su atencién
prioritaria en la zona costera y en las aguas azules que son jurisdiccién de ambos estados:
Portugal y Espafia. Ejemplos recientes como las Estrategias Marinas Europeas o la Directiva de
Habitats, ponen de manifiesto la necesidad de establecer vinculos de cooperacién cientifica
gue permitan ejecutar la tarea de investigacion -y muy probablemente de gestion cientifica
futura-, desde una perspectiva interdisciplinar coordinada de excelencia cientifica, para la cual
ambos estados cuentan con el necesario capital humano altamente cualificado. El
aprovechamiento de este inmenso potencial humano en favor de los retos cientificos que
plantea el uso intensivo del dominio litoral y el medio marino, exige el fomento de una
atmoésfera de confianza que facilite la integracién de grupos de investigacion transnacionales
gue afronten la tarea que queda por hacer.

No es ocioso sefialar que el foro de encuentro que ha creado la comunidad cientifica marina
ibérica, aprovechando la dinamica de las celebraciones trienales del Simposio MIA, ha de
seguir ofreciéndose como plataforma que permita catapultar nuevas iniciativas de cooperacion
bilateral o multilateral. Con esta finalidad convocamos, una vez mdas y por octava vez

consecutiva, este foro cientifico que centra su atencién en el medio marino Ibérico Atlantico,

abarcando el area maritima peninsular e insular Macaronésica.

¢Por qué hemos elegido Mdlaga para esta celebracion? El Simposio MIA se viene celebrando
desde el afio 1994 en diversas ciudades ubicadas en la costa peninsular ibérica atlantica
(Lisboa, Cadiz, Faro, Vigo, Aveiro, Oviedo, Lisboa). Transcurridos sus 20 primeros afios de vida,
podemos empezar a realizar algunos matices que la propia evolucién del conocimiento
cientifico ha ido introduciendo en los diversos enfoques de la investigacion marina. Asi
sabemos que la regién maritima que bafa la provincia de Mdlaga, junto con la de Cadiz, es
singularmente atlantica y mediterranea a la vez. Su litoral estd bafado por las aguas del mar
de Alboran cuya dinamica marina, profundamente influenciada por el Océano Atlantico,
determina la circulaciéon en toda la cuenca mediterrdnea. Su proximidad al Estrecho de
Gibraltar le permite beneficiarse de los flujos de agua superficial atlantica, al tiempo que
canaliza los ultimos pasos de la corriente mediterranea profunda en busca de su salida hacia el
Océano Atlantico hasta alcanzar las areas mas septentrionales de Hatton Bank en la Cuenca de
Islandia.

Esta naturaleza atlantica le permite acoger en su entorno una gran diversidad de especies
ocednicas, al mismo tiempo que muestra los ultimos reductos de especies endémicas



mediterraneas, como por ejemplo la Posidonia oceanica. Dicha circunstancia hace que nos
replanteemos los enfoques que tenemos que introducir en las investigaciones transversales,
de forma que permitan establecer la conveniente interdisciplinaridad entre determinadas
disciplinas cientificas. Una de las intenciones que motiva la celebraciéon de MIA15 en la ciudad
de Malaga, es fomentar el incremento de nuestra comunidad cientifica para poder avanzar en
la integracion de perspectivas novedosas que nos ayuden a comprender mejor la interrelacion
existente entre los procesos oceanograficos que definen el eje Golfo de Cadiz/Estrecho de
Gibraltar/Mar de Alboran, tan atlanticos como mediterraneos y tan mediterraneos como
atlanticos.

Son varios los grupos de investigacion luso-espaioles que cooperan en el estudio cientifico de
esta estratégica zona marina, y es momento de darles la oportunidad para que puedan
presentar aquellas comunicaciones que versen sobre diversos aspectos de la oceanografia
atlanto-mediterranea suribérica. No cabe duda que estas aportaciones arrojaran luz sobre el
conocimiento que tenemos de la influencia que ejerce el mar Mediterraneo en el Océano
Atlantico, y sus litorales.

Madlaga, abre sus puertas a la presentacion de comunicaciones de todos los grupos de
investigacion interesados en participar en el Simposio MIA15, fomentando la participacion de
jovenes cientificos que quieran defender en publico las conclusiones de sus estudios
doctorales, masterandos o de cooperacidon en proyectos, y asi provocar enriquecedoras
discusiones con el resto del foro.

Es conviccion de la Comisién Organizadora que las presentaciones estaran a la altura de la
excelente calidad de los resumenes extendidos que componen la sustancia de este volumen.
Deseamos ademas que las proximas celebraciones, que ya se anuncian para Coimbra 2018 y
posteriormente Bilbao 2021, refuercen los lazos de cooperacién ibéricos y que nuestra
Comunidad Cientifica Marina sepa afrontar los retos que el futuro nos depara, y que sin lugar a
duda nos ayudardn a conocer mejor nuestro Planeta y a gestionar apropiadamente sus
recursos.

Dr. Victor Diaz del Rio Espafiol
Coordinador MIA15
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