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LATE-MIDDLE PLEISTOCENE, LATE PLEISTOCENE

AND HOLOCENE PALAEO-SEA-LEVEL RECORDS AT AGADIR
AND THE ATLANTIC ATLAS COASTAL REACH, MOROCCO:
AN UPDATED OVERVIEW

Q

AndréL.-E. WEISROCK?

ABSTRACT

Out of the Late Holocene sea-level highstahda. 2.7%a, seven Late Pleistocene and Late-Middle Pleistocene palaeo-sea-
levels (PSL) are today recorded along the coast oAtlamtic Atlas of Morocco: 1) as near-shore dunes (NSD) deposits, records
of two MIS 2 and MIS3 PSL near @n a.s.l. or just below, at 28 and ca.k&0 2) records of three MISa, 5¢ and 5e PSL beten
zero and 8 m a.s.l.; 3) records of two MI% and MIS9 PSL above 40 m a.s.l. and near 20 m a.s.l.. All datable records are
placed in their morpho-lithostratigraphic units (UMS) and discussed with reghelrtocation, palaeo-environmental and tectonic
implications.

Keywords: morpho-lithostratigraphic units (UMS), palaeo-sea-levels (PSL), near-shore dunes (NSD), malacofaunas, U/Th dates,

aminochronology, MIS 2-3-4, 5, 7, 9, palaeo-environments, tectonic

RESUME

ENREGISTREMENTS DES PALEORIVAGES DU PLEISTOCENE MOYEN-SUPERIEUR, PLEISTOCENE SUPERIEUR ET

HOLOCENE A AGADIR ET SUR LA COTE DE'ATLAS ATLANTIQ UE, MAROC: UNE VUE D’ENSEMBLE ACTUALISEE
Endehors du haut meéau marinde I'Holocénerécent & enviroi2,7 ka, sept paléaages(PSL) duPléistocéne supérieur et

de la n du Pléistocene moyen sont egistrésaujourd’hui le long de la céte de I'Atlas atlantique marocdinautour ou un peu

en-dessous du zéro actuel, des dépdts de dunes littorales (NSD) enregistrent deux PSL des stadesZsett8piy28set @iron

40 ka; 2) entre zéro et 8m, des enregistrements de trois PSL rapportés aux sous-stades 5a, acetessus de ¥0m et autour

de +20m, des enregistrements de deux PSL des stades 7 et 9. Tous les enregistrements datables sont placés au sein de leurs unité

morpho-lithostratigaphiques (UMS) et discutés en fonction de leur localisation et de leurs implications paiéorementales
et tectoniques.

Mots-clés: unités morpho-lithostratigraphiques (UMS), paléorivages marins (PSL),dunes littorales (NSD), malacofaunes, datations

U/Th, aminochronologie, stades isotopiques 2-3-4, 5, 7, 9, paléoenvironnements, tectonique

1 - INTRODUCTION
At the same time, the soutimenost Atlantic Atlas

“The Atlantic littoral of Morocco... clearly mvides coastal reach (gl), with uplifted Pleistocene marine
one of the most complete Pleistocene successions of thedeposits, was rst studied by Lecointre (1952),
world” (Howell, 1962jn Stearns, 1978), and this is espe- Ambroggi (1963),Weisrock (1980) and more recentl
cially true along the coast of tiglantic Atlas, betveen with U/Th datings, aminochronology and tectonic
Agadir and Essaouira. Nevertheless, on the Moroccan analysis (Weisrock, 1981;Weisrock et al, 1999;
Meseta, associated human bones and artifacts found in Meghraouiet al, 1998). Before the undertaking ofime
marine-aeolian calcarenites of Casablanca and Rabat OSL/IRSL and TIMS measurements, and more detailed

induced the strongest interest in its chronologlyictv microtectonic inestigations, thispaper attempts an
was here, earlier and more completely studied, and estab-updating of the present knowledge about the LatePleis
lished as a model (Biberson, 195&xier et al, 1985; tocene and Late-Middle Pleistocene palaeo-sed-le
Lefévre,2000; Exieret al, 2002; Plaziaét al, 2008). records in this area.
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2 Department of Prehistory, Museum national d’Histoire naturelle, 1 rue René-Panhard, F-75013 PARIS
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Fig. 1: The Atlantic Atlas coastal reach: location of studied sites
between Agadir and Imsouane.

1/ anticline, 2/pitching anticline, 3syncline, 4/ e xure, 5/hogback,
6/ cliff, 7/ rst well-developed dead-cliff, 8main Pleistocene dead-
cliff, 9/ UMS 3 platform, 10/UMS 6-7? platform, or “Mghrebian
rasa”’, 11/ eroded UMS 6-7?

Fig. 1: Le littoral de I'Atlas atlantique localisation des sites étudiés
entre Agdir et Imsouane. 1lAntidinal, 2/ péridinal, 3/ synclinal,
4/ exure, 5/crét, 6/falaise 7/ premiee falaise morte, &alaise morte
pléistocéne principale, 9/ plate-forme de 'UMS 3, 10/ plate-forme
des UMS6-7? ou «asa mghrébienne, 11/plate-brme érodée des
UMS 6-772.

2 - MORPHOLOGICAL SETTING OF THE
ATLANTIC ATLAS COASTAL REACH

21 - COASAL MORPHOLOGY: MOROCCAN
ATLANTIC “ OULJA’ AND RAISED TERRACES

Along the vell-regularizedAtlantic coast of Morocco,
a morphological feature prevails, which is called the
“oulja” or “oulja morph@enic system” (Guilcher &
Joly, 1954; Weisrock & Fontugne, 1991). It consists of
three well-developed morphological elements (2):
the coastline, an inland dead cliff and, between them, a
longitudinal depression which is tloalja s.s.Along the
uplifted Atlantic Atlas coast, marine erosion geneyall
prewails and, very often, only the inland part of thédja
system remains at the foot of the deadf.clifis trun-
catedoulja and even the basal part of the dead cliff are
cowered by cemented dunes and/or colluvial estad

2.2 - MORPHOSTRAIGRAPHIC UNITS (UMS)AND
PALAEO-SEA-LEVELS (PSL)

As well established at Casablanca (Lefévre, 2000;
Lefévre & Raynal, 2002), at the foot of the associated
dead-clif, a well-registered marine highstand and its
following regressive supra-tidal and continental deposits
clearly correspond to a morpho-litho-stratigraphic unit
(UMS) with a well developed morphological featurbe
basal marine deposit (PSL) and its subsequent littoral
and continental cover — more or less thick dune calca-
renites (NSD) and/or colluvial slope debris and some-
times uvial deposits — build a sedimentary “fioation”
including both rst marine and following continental
members. But, very often, the PSL member and its
following regressive members are shaped in ggeolic
upper “glacis” that can even mask both palaeo-shorelines
and dead-cliffs (g.3, see UMS?). So, seeral forma-
tions and several PSL may be included withinyonl
one visible UMS. Previously invisible marine deposits,
distinct from the main basal palaeo-sea-level, are found
in new outcrops. It is clear that only the most intpor
marine stages, with high and long marine standing, could
hawe a full and uniqgue morphological UMS expres-
sion. Minor stages are masked, or even eroded, in spite
of continuous uplift of the Atlas chain, which drive a
stepped-like system to the UMS ( g. 3).

23 - UMS AND PSL BETWEEN IMSOUANE
AND AGADIR: GEOMORPHOLOGY AND FIELD
OBSERVATIONS

The most complete morphological steppe@-lik
example can be found aissif Tamraght mouth, with at
least ve or more main UMS ( g. 4):

— UMS 1 (ASSIF TAMRAGHT MOUTH UNIT, near
zero meter) is the present shoreline (PSlarea, with
altemating low cliffs cut in the Pleistocene calcarenites
and beaches of marine biodetritic sands, covered by grav-
elly bars at the mouth of theadi.A low sandy terrace as
here formerly described as “Mellahiany Ambraygi and
Gigout (1953); it was in fact a near-shore dune capped
by several kjiokkenmdddingWeisrock, 1980), that had
today disappeared because of strong climatic and anthro-
pogenic erosion. Only notches cut in the calcarefotic
cliffs and gravelly low uvial terraces can be found in the
estuary (Rohdenburg, 1977; Weisrock,1980).

— UMS 2 (IGOURAM UNIT = CAPE RHIR UNIT
= AGADIR-PORT UNIT, between zero and ca 20 m
a.s.l., or more in some cases) is theetwulja morpho-
genic system inherited since the last interglacial 43.

Its basal marine PSL lies between zero ar®im+a.s.l.,

with uvial and/or colluvial interbedded deposits, then
more or less thick cemented sand-dune accumulations
overlain by new continental silty and gravelly deposits

deposits over the basal palaeo-shorelines. Due to the (Lecointre, 1952; Weisrock & Rognon, 1977; Sabel-

continuous uplift since the Neogene (Ambroggi, 1963;
Weisrock 1980; Mustaphet al, 1997), this repetite
geneticsystem has built a coastal morphologgiepped
terraces with both marine and continental deposits.

beig, 1978). The related dead-cliff is still observable at
Tamraght, as at Cape Rhir. In most of the cases, the dead-
cliff has been covered by dunes and colluvial deposits
that have joined UMS 2 and UMS 3 in a continuous glacis
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(9. 3). At Agadir-Pot and at Assif Lamahyane, outcrops — UMS 3 (DOUAR SIHEL UNIT =AGADIR-ANZA

hawe shown a second well-developed marine deposit near UNIT, between ca + 40 and 60 m a.s.l.), is the most impor
+ 20 m a.s.l. At Imsouane, two another marine deposits tant morphological unit that can be seen at the front of
are included in the same UMS, at + 8-10 m a.s.l. (see the main Pleistocene dead-cliff of thiéantic Atlas coast.
below 3.4) and at ca + 30 mis ( g. 3). It consists of a basal shelly and gy marine deposit,

+60m

MIS 5 DEAD

"PARTIALLY TRUNCATED OULIA" CLIFF

= ==

= %%r];/ﬁw:fz;
e

Fig. 2: The truncated “Oulja” morphogenic system and the “Ouljian” basal level.

A/ Synthetic block-diagram (after Weisrock and Fontugne (1991), modi ed). B/ “Ouljian” basal deposits assif Tamraght (photo A. Weisrock,

2010).

la/ coarse uvial gravelly basal deposit, 1b/ marine berm: reworked gravel, coarse biodétritic sand, 1c/ crushed lumachelle; d'sars{&tra:

monita) haemastomia of this layer gave an U/Th age of 97 + 5 ka, 2/ beach deposit of coarse biodetritic laminated sands, 3a to 3f/ alternate layers of
gravel (only 3b with shells) and biodetritic sand, 4/ near-shore dune.

Fig. 2: Le systeme morphogénique de&didja» tronquée et le niveau de basawjien » A/ Bloc-diagramme synthétique (d’apres Weisrocloetigne

(1991), modi é). B/ Dépdts de base de@uljien» a I'Assif Tamraght (phota. Weisro&, 2010). 1a/ dép6t de base a gradegs; 1b/ dépdt de berme

marine: galets remaniés, sables biodétritiquesggiers 1c/ lumachelle concassée; un exemplaireTtais (Stramonita) haemastorbade cette

coude a fourni un age de 97 + 5 ka. 2/ sables biodétritiques grossiers a litage sub-horizontal. 3a a 3f/ couches alternées de gravier (seule la couche 3b
recéle des coquilles) et de sable biodétritique. 4/ dune littorale.
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Fig. 3: Stepped-like Morpho-Stratigraphic Units (UMS) disposal along the Atlantic Atlas coastal reach: a synthetic diagram.

1/ marine shells and gravels, 2/ biodetritic sands, 3/ coastal dunes, 4/ gravelly bar, 5/ coarse slope deposits, 6/ red and brown-red silts, 7/ calcrust.
Fig. 3: Dispositif des Unités Morpho-Stratigraphiques (UMS) étagées de la cote de I'Atlas atlardiggemme synthétique. tbquillesmarines et
graviers, 2/salles biodétritiques, 3lunes cétieres, darre graveleuse, 51épobts de pente grossiers]ifions rouges et brun-rouge, Gibdte calcaire.

IMS 6-7-87 = TAMRAGHT OUFELLA UNITS

UMS 3 = DOUAR SIHEL UNIT ﬁ‘
UMS 4-5 = IMI MEKKI UN|TS

UMS 2 =IGOURAM UNIT

. _‘“..‘\'n-- ------- - "--‘"" <,
— Assif Tamraght

UMS 1 = ASSIF TAMRAGHT MOUTH UNIT - - .°. -‘I',-“'...

e

AT19=97 +5ka

Late Holocene deposits as seen before 1980

Fig. 4: Stepped-like UMS at Tamraght (after Weisrock and Rognon (1977), modi ed).
Fig. 4 : UMS étagées a Tamraght (d’aprés Weisrock et Rognon (1977), modi é).

then a second silty marine deposit, and very thick dune sions. So, as said before, intermediate palaeo-shorelines
sands and/or thick colluvial and alluvial silty andvgily can be found at the uncertain limits of UB8nd UMX2.
detritic accumulations, with inner and upper laminated — UMS 4, at 70 m a.s.l., was found only at Imsouane-
calcretes. Finaf| this built UMS and its wide glacis  Redan with a well-developped marine deposit (Weisrock,
surface were cut in new cliffs by the following transgres  1980) but not at Tamraght.
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— UMS 5 (IMI MEKKI UNIT) is located at about
110 m, but with scarce correlative deposits. This UMS

can also be found at Imsouane-Piste and at Anza (Weis-

rock, 1980).
— UMS 6-7? (TAMGHART OUFELLA UNIT
AGADIR-KASBAH UNITS, generally above 450 m

a.s.l.) shows different nature and extent. It represents a

wide marine erosion plateau (1 to kfh wide) along

stand generally described, but to a new mecent high
level. Nevertheless, another evidence of the post-glacial
littoral rise, with a probable maximum ak®, is the wide
extent of the Lav-Holocenecoastal dunes NSD that
accumulated here since ca. k&2 to 6ka (Weisrock &
Fontugne1991; Weisrocket al, 2002; see also g. 5).

3.2 - UMS 2: RECORDS OF TWO REGRESSIVE

the coast and is covered by marine deposits and giant LEVELS (PSL2, PSL3) AS NEAR-SHORE DUNES
dune systems. The basal marine deposits were described(NSD 2, NSD 3) DURING MIS 2-3

at Agadir as gresde Tildi” by Choubert &Ambroggi
(1953) and called “Moghrebian”, rst Quaternary marine
stage, distinct from the Pliocene (Choubert, 1965).
However as well as on the Moroccan Meseta (Stear
1978; Lefevre & Raynal, 2002), several marine Miocene
(Alonso-Gavilanet al, 2001), Pliocene and Low Pleis-
tocene stages can be observed within “§hwebian”
deposits.

Due to lack of new researchesn theLate Neogene
reach UMS6-7 and on the Low and Middle Pleistocene
UMS 3-4-5, we have to limit our present remarks at
the two rst UMS1 and UMS2 and at their associated
palaeo-shorelines.

3 - HOLOCENE, LATE PLEISTOCENE AND
LATE-MIDDLE PLEISTOCENE SEA-LEVELS
BETWEEN AGADIR AND IMSOUANE: A BRIEF

CHRONOSTRATIGRAPHICAL OVERVIEW

Details of stratigraphy, sedimentology and study
of gastropods and bivalves can be found through our
previous works (Weisrock, 1980; Weisrock, 1993; Weis-
rock et al, 1999). The previously studied palaeo-sea-
levels and coastal aeolianites are here summarized in
regardto their’*C and U/Thagesand included as well as
possible in the MIS global chronology.

3.1 - UMS1, PSL1AND NSD 1: LACK OF DIRECT
PROOFS OF CLASSICAL HOLOCENE SEA-LEVEL,
MIS 1

Along the nothwesternAtlantic coastof Africa, the
last Holocene marine maximum, called “Mellahian”, is
generay known to occur ata. 5-6 ka(Gigout, 1952;
Choubertet al, 1967, on the Moroccan Mesetaure
& Elouard, 1967; Ortlieb, 1975; Petit-Maire, 1980, along
the Moroccan Sahara and Mauritania). The “Mellahian”
sea-leel of Tamraght (Ambroggi & Gigout, 1953)as
not a beach deposit but a dune capped \mratkjokken-
mdoddingof historical ages (Weisrock, 1980). This small
recent bay-accumulation is today completely erodead.
the “Reddad Ben Ali formation” of Casablanca, that is
dated between 120.2 and 4. % 1.1ka by radiocarbon
and OSL (Lefévre, 2000exier et al, 2002), a marine
shell of Thals haemastomsampled in a fossilrgvelly
littoral bar preserved at Moulay Douraine, north from
Essaouira, gave '4C age of Z70 + 100BP (Weisrock,
1980). Thidast fomationbelongs not to the caké high-

In cettain pats of the coast, UM3 remains as a trun-
catedoulja wherethe basal PSL member is often absent
but where the following coastal dunes membesse
exposed in the present high cliffs.

3.2.1- Littor al dunes of UMS2: sedimentology and
chronology ( g. 5)

Well-deweloped coastal dune systems accumulated
under the NNW dominant winds on the left sides
the mouths of wdi Tamri and wadi Souss during the
MIS 2, 3 and 4, and are now persistent. Today, in similar
littoral dune systems, the sedimentological evolution of
marine sands happens very quickly: only aftém@ of
wind transport, the coarse (2t and more) biodetritic
carbonated sand of the beach becomes a neu(8p
aeolised quartz sand @igrocket al, 2002). Sedimen-
tological properties of coastal dune sands are indicators
of their more or less proximity to the coastline. Based
on these eld observations and several outcrop studies
in Cape RhirTamri (Sabelberg, 1978; Weisrock, 1980;
El Ouahidi, 2008) and along the Chtouka coast, south of
Agadir (Barrada, 1996; Adele, 1998), it appears that the
strand line rose near zero at cak@)at more than 3&
and at ca. 2Ba ( g. 5). Dune sands of these three periods
are abundant, coarse and rich in biodetritic graimg;tw
indicate the shore pxamity. The older wide coastal dune
system (NSD4) is banded to the last MBa sub-stage
at ca. 7ka (see below 3.3). The following dune system
(NSD 3) accumulates before && and is also very thick
in some places. Called “Hauptdiinenserie” by Sabglber
(1978) near Cape Rhir, this coastal dune system often
cowers the MIS5 dead-cliff and is itself overlain by a
continentalmember that contains \eral red orbrown
soils, silty alluvial sediments and laminated calcareous
crusts. Man was present at this time along the shore-
line and abandoned palakjikkenmoddingAssociated
Middle-Paleolithic tools are also often found in NSD
The last coastal dune member at cakagNSD?2) is
generay more restricted and consists in afi@ing
scarce true coastal sandgh coarsebiodetritic grains
and more frequent continentalized sands of smalltguar
grains linked to the regressive trend. So, these records
shav the possible occurrence of two MESand MIS3
PSL near zero (PSB) or near beyond zero (PR).along
this coast, with two well-developed NSThis history of
the coastline during MI8-3 can be compared with those
of the Iberian coasts, which demonstrated the nearly same
global feature¢Zazoet al., 2003; Benedettt al, 2009;
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Fornoset al, 2009). Detailed OSL measurements on “Soltanian” highstand (Hoangt al, 1978) that could

quartz and feldspars arbowever now undertah, in be parallelized to the Mauritanian “Inchirian”(Faure &
order to improve these assumptions. Hébrard 1977). But these results were not adequate to
explain most of the other data concerning the low (zero
3.2.2 - PSL 3: a MIS 3 high stand at ca. 44 ka? to +4m a.s.l.) PSL deposits of the studied area @ab
Nothing in macrofauna composition.e; more cold
Four U/Th measurements made™mais (Stramonita) species) allows us to particularize these two samples.

haemastomal. shells from two lumachellic marine  possille explanation of the seemingly aberrant results
deposits of PSI3 presently standing respectively af + was the choice of the gastropod spedikais haemas-
and + 4 meters high, at Cape Rhir and Assif Lamahyane, tomathat presented a thick favorable shell for the U/Th
gave a lot of ages between 44 + 2 and 55 £ 2 ka (tab. 1). analses, but could be removed from more redgok-

We initially thought we had discovered traces of a Middle kenmdddinglocated just above and redeposited on the

Location Sample Reference Uf{rl:ly?ge mfl?y?ge Climatic stage
Cap Rhir USM 72/19 Sabelberg (1978) (34,1 1) 3
Cap Rhir C.R.30-11 | Hoang et al. (1978) 44 +2 3
Cap Rhir C.R.30-11I id 44 +2 46+2 3
Assif Amahyane AL 221 id 46 £ 2 3
Assif Amahyane | A.L.221I id 552 49+3 3

Tab. 1: Apparent “C and U/Th ages opalaeokjokkenmoddingnd shelly tempestites in post-PSL 4-5-6 deposits.

Sabelberg (1978}/C age on shells; Hoarggal. (1978): U/Th and Pa ages Bhalis (Stramonita) haemastora

Tab. 1: Ages C*et U/Th apparents dealéokjokkenmoddingt dépbts de tempétes coquilliers postérieurs aux palé@midas-6. Sabelberg (1978)
age*C sur coquilles; Hoangt al (1978): ages U/Th et Pa siihais (Stramonita) haemastoma

Location Sample Reference UT:y;ige mfl?;;ge Climatic stage
Agadir-Port A. 101 Hoang et al. (1978) 722 5a(?
Agadir-Port Hoang, unpubl. 75 +4 5a(?)
Agadir-Phare A. 17 Hoang et al. (1978) 76 £2 S5a(?

AgadirCentrale A. 11 id 92 +7 Sa(?
Cap Bouzellou CB 1 Meghraoui et al. (1998)] 92 %5 5a(?)
Agadir-Port A. 1011 Hoang et al. (1978) 96+5 |[114+18/13 5
Assif Tamghart A.T. 19 1d 97 +£5 5¢(?
Anza 96 14-1 |Meghraoui et al. (1998){101 £ 12/11 3¢
Agadir-Port A. 129 a Hoang, unpubl. 1039 5S¢
Arhesdis 96 15-1 [Meghraoui et al. (1998)| 105 +6 5¢
Anza 96 14-2 id 108 £ 11/10 Scoude
Agadir-Port A. 129 bl Hoang, unpubl. 109 +6 ScousSe
Arhesdis ARH 1 [|Meghraoui et al. (1998)| 115 +7.5/7 Se
Founti F2 id 116 £9,7/9 Je
Anza Anza 1 id 119 £9/8,3 S5e

Tab. 2: Apparent U/Th and Pa ages oin situ shells of PSL 4-5-6.

Hoangetal. (1978): U/Th ages ofihais (Stramonita) haemastorba except for A. 129a(streg, A. 129b1 Mytilus) and A. 129b2Yetu3.

Tab. 2 Ages U/Th et Pa apparents de coquillesitu des paléorivges4-5-6. Hoangetal. (1978). ages U/Th suiThais (Stramonita) haemastoina
sauf pour A. 129-a(stred, A. 129-b1 Kytilus), et A. 129-b2\etus.
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fossil beach. However, the samples were nearly entire registered a notable erosion; this last deposit wasamnot f
and not burnt. Recent eld re-examination shows that, from the dead cliff and situated at ca.+ 4 m a.s.l.;
at Cape Rhir, samples were taken in a 50-cm-thick fossil  —(3) PSL6, sub-stage 5e: possibly 3 or 4 dabesween

berm, with gravelsnd vell-preserved samples @hais 114 and 11%a; three of them are from Mgeraouiet al
haemastomdying in a silty red sediment, _just over a  (1998), all at Agadir and Anza; our samplgadir-Port
basal crushed lumachelle, and that at Assif Lyaadb, Il (see precise location before) gave an apparent U/Th

the previously studied deposit looks like a storm-berm age of 96+ 5ka; a second measure, us#fPa method
tempestiteThe material of the true basal marine deposits gaw an age of 114 18/- 13ka; later, three other shells,
is not yet dated,_z_ind the given ages are those of new fore-respectivel of Ostrea, MytilusandYetus sp (A. 129-a,
shore re-depositions, even perhaps of very highvstor A, 129-b1, A.129-b2, g.5) were sampled at the foot
deposits as those studied along the Moroccan Meseta of the dead-cliff; their apparent U/Th agesres103 + 9,
Atlantic coast (M’hammdiet al, 2008).Nevertheless, 109 +6 and 75t 4ka, indicating a more probable linking
these two results indicate that a marine sea-level was notto MIS 5¢ (Hoang, unpublished datings).
far from the present zero, with the possibility ofving The results seem to indicate that the MIS sub-stages
and deposition of shells, mainly dhais haemastoma 5a, mostly 5¢ and perhaps 5e were recordefigatlir
which is an infra-littoral species. In otherwise, th@tw  gng as far asamraghtThere is a generally good accor-
samples are situated just on the southern side of the mostgance between the precise location of the shells and their
elewated anticline axis of th&tlantic Atlas ( g. 1): these measured ages. However, the scarcity of 5e resuéts, e
two MIS 3 sea-levels near beyond zero could be elevated at the foot of the dead-cliff, is surprising based upon the
to +2-4m today, as shown by several cases along the ynawledge of the Canary Islands (Meeo al, 1992;
Spanish atlantic coast (Zaeo al, 2008; Gracieet al, Zazoet al, 2002), Western Mediterranean Sea (Bardaji
2008). Much detailed microtectonic eld obsations et al, 2009; El Mejdoub & Jedoui, 2009) and even global
are however needed for this supposed explanation basedsea-legl uctuations at this time (Hegy et al, 2007).
on a local hypothetic higher rise. We must observe (1) that the oolithic ME® deposits
obsenred in Tunisia and Spain are absent here; weuselie
3.3 - UMS 2, RECORDS OF THREE MI$ PSL that it doesn't occur in such a mountainous area, or that

(PSL 4, 5, 6) similar deposits were eroded; and (2) that theemi
) U/Th ages are those of marine shells deposited on small
These PSL are located on the basal maaimesion beaches, which have known an animated sedimentar
surface of the UM (true ‘oulja” morphologic unit) history From another source, a more recent bulk of 78 U/
and have long been calle®tljian marine deposits Th dates of mollusk shells “from various Ouljianrsares
(Gigout, 1949).They were sampled for U/Th gsi between Agdir and Tamri”(Choukret al, 2001, 2007)
mosty at Agadir and its northern soundingloci, Anza estimates that, due to the inherent errors of the method
and Tamraght (Hoanget al, 1978; Meghraouiet al, only the results regarding sub-stage 5e are indeed

1998). Due to the new development of the harbour of rejiable. After these authors, the date dispersiono(tw
Agadir after 1980, eld observations of these strandlines ain groups, at ca. 50 and between 100K0'results
become dif cult: the old outcrops of Agadir-Port (g. 6)  from diagenetic processes that affected the shells after
andAnza have today nearly disappeared, and only the e fossilization”. In spite of this opinion, we bele

right side ofAssif Tamraght mouth remains as before.  nat each measurement needs to be discussed in regard to
BetweenAssif Lamahyane and Cape Rhir, strong marine  the precise morpho-stratigraphic location and the diage-

erosionhas alsodestroyed previougl studiedsites as netic history of the corresponding sample.

Mouknari.Three distinct groups can be seen through the

available 15 U/Th ages (tab. 2), corresponding to: 3.4 - UMS 2: MIS 7 PSL 7 AND MIS 9 PSL 8 AT
— (1) PSL 4, sub-stage 5a: two dates, #22 and IMSOUANE AND AGADIR

76 + 2ka, onThais haemastonshells that were sampled

respectivel at Agadir-Port | and Agadir-phare, both in 3.4.1 - Two well-developed PSL at + 8-10 and
westenmost outcrops of 1-m-thick continuous beach + 18-20 m a.s.l.

deposits; in theseci, correlative near-shore dunesne

abundant (see 3.2.1.); The UMS?2 is not well delimited elsewhere by its inner

—(2) PSL5, sub-stage 5c: possibly 6 or 7 dabetyween dead-clif, except at Tamraght or Cape Rhir. In most of
92 +7 and 108+ 11/- 10ka; the samples of Mgaraouiet the locations, this dead-cliff disappears under dunes and
al. (1998) are unfortunately not precisely located; for our colluvial accumulations. As said before, at the utader
own samples the location of Agadir-Port 1l was atm0 limit of UMS 2 / UMS 3, outcrops sometimeswvesaled,

inner from Agadir-port I, in the same outcrop but not at however, a well-developed PSL at + 18-20 m a.s.l., espe-
the foot of the associated dead-cliff that marked the top cially at Agadir-port (or Founti) and Assif Lamatne
extent of the highstand, at ca8m a.s.l ( g. 6); Agadir- (Weisrock, 1980), and another one a8-£Om a.s.l. at
centrale was also sampled in a beach deposit lying at the Imsouane (Lecointre, 1952). PSL at18-20 m from
bottom of a littlebay at ca.50 m in back of the present  Agadir-pot and Assif Lamahyane are clearly distinct
shore and at ca.&m a.s.l.Assif Tamraght was sampled  from PSL 3-4-5-6, located in the same places just
in a cliff cutting a PSL beach deposit that had already under between zero and & m.This is also the case at
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