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, Pleistocene Geomorphology and Stratigraphy
i j of the Costa Brava Region (Catalonia)

Deutsche Zusanunenfassung. (Ploisloziine Straligraphio und  Goomorphologic
! Mittelkataloniong), Auf Grund von Geliindeuntersuchungen 1960-61 konnton
weitverbreitelo Strandplattformon in 100 m und 60 m fostgestellt werdon. Jungere,
- Vorgoloegt von Hrn. C. Troll in der Plonarsitzung am 26, Oktober 1063 schwach entwickelte Abrasionsformon in 30—35 1, 22-27m, 16—19 m, 12—13 m
. und 4=8 m gohdron wahlischeinlioh don vorschiodonon mittol- und jungaquartiron
Staddion an. Griinde file: die woenig murkanton Strandtoreasson und dos Fohiton
zugohorigor Ablugerungen wordon angefiihid.

Lline ziemlich vollstindige steatigraphische Wolgo, froilich ohno dirokte pollon-
analytischo odor palitontologischo Anhallspunkto, konnte sul Grund sodimnonto-
logisehor, bodonkundlichor und morphologischor Dotailboneboitungon  fiir us
gosamte Quartiir aufgostellt werden. Hiorzu dionton dio plio-ploistoziinon Ab-
g lagerungen der Selva-Senke, die altquartiiven Torrasson dos Lor sowio dio jitngeron

"Terassen dor Kilstenfliisse. ’

Intgogen dor Auffassung von Sold Sabarfs und Llopis Lludo wurde dio
Solva-Sorie in plioziine - und altquartiive Abschnitto  cingotoilt, wnd oino noue
Gliodorung diosor verschiodonartigon Sedimonto wird vorgoschlngon, Sio Lt auaf
Binnonseoublagerungen wihrend eines warmon, gloichmiiBig fouchton Klimus im
Plioziin sehliolon (Graue Sorie). Durnuffolgond solzto oin wocholfouchtos, kiihloros
Klitna "mit gomischton lakustron und alluvialon Ablugorungsbodingungon oin
(Clolbe Sorio) — vormutlich am Anfung dos Quurtiivs. Zwischon don Graunon und
Uolben Sorion schaltote sich eino Rotlshmbildungsphuso oin. Auf die Golbo Sorie
folgto” Kulldkrustonbildung sowio Kinschuoidung. Dio obwas jitngore, 1loto Sorio
ontspricht dor Hoohtorrasso dos Tor (4 80 m), div gloichzoitig odor spiilor als duw
albquurtitro 100'm Strandnivoau anzusoctvon ist, Dio Rolo Sorio ontsland ns Bl l-
aufschiittungon unter kiihlom und periodisch sohe foushtom Klimu.

Bine tiefgroifende Rotlehmbildung im Mittelquartiir bildet cinon brauchbaren

- Leithorizont fir die jiingeren Bildungon, in dor Hauptsache swoi Fluflaufschiit-
tungon, die von oinem Braunlohm gotronnt wordon. Dicso jingoron Terrasson
liogon gloichizeitig it don lotzton zwoi Hauptrogrossionon dos Mittohmoors, also

»Riss't und ,, Witrm*, Dio nachoiszeitliche Pedogoneso fiihrto nue zuv Bildung oinor

moridionalen Braunerde.

Die verschiodontlich wiodorkehrondon morphogonetischon Lypon lasson sich
folgondermafion aufstollon;

o) Alluvinlo und kolluvinle Aufschiitbung mit flichonhaftor Abbragung wiihrond

zam Druck gonohimigt am solbon Tago, ausgogobon am 2. Juni 1964

© 1064 by Akadomie dor Wisgsonachalton und dor Litorntue, Mainz ) koltfouchtor Pluvinlzoiton (mu Anfung der kaltzoitlichon Rogrossionon);
) i : b)-Absobzung von gosshiohtoton Kalldeuston, untor nosh nioht villig gokliirton
DRUOK § L O, WITTICH, DARMYTADT : ' Umigbiindon ;
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¢) Linonro Erosion, 2.1 in’ dus analehondo Gostoin (wiithrond fouchtoror Epochen
dos Allguartites vl Junglortiiivs)z. ' in woicho Aafschiittangsprodukie (withrond
der seminridon hoeh- und-spitiglwinlon Rogressionon);

o) Rotlehm- oder Braunléhumbildung withrend fouchbwarmor, morphostatischor

Abschnilto der Intorglazialo, _
Zum SchInB werdon die allgomeine Morphogenoso sowie die houtigen Vorgiinge

orirtort,

Although the major climatic changes of the Pleistocenc did not fail
to influcnce the geomorphie processes of tho Meditorvancan lowlunds,
very lew intensive regional analyses have been made of the peculiar
problems of morphogenesis  involved. Considerable elimatio-geomor-
phological work has indeed been done in somo of the highland areas, and
geological-archueological work has boen common on many coastlines,
Yot modern interpretive studies of Jowland goomorphology have heon
notably lacking. _ '

The writer carried out a detoiled study of Pleistocene morphogenesis on
southern Mallorea, a low-lying semiarid limestone area, during 1959—62
(Burzsr, 1962, 1963a, 1964; Burzrr & Currna, 1961, 19624, b). Tn 1960
a briefer comparative investigation was undortaken in cast-central Cata-
lonia, & subhumid hill country with silicate bedrock, Wield study was
concentrated between the lower courses of the Ter and Tordera rivers,
in tho southeastern quadrant of the provinee of Gorona, which includes
the greater part of the seenie const known ay the Costa Brava, ield work
way followed by Iaboratory analysis of soil and sediment samples and a
further ficld check in 19611,

This paper is intended to provide n regional outline of the results, and
to evaluate the information in a composite geomorphie and stratigraphic
context., Important sections have been desceribed in detail, so that the
variouy statements and supporting evidence may bo properly documented,
T recent yewrs too many geomorphie studies have provided swoeeping
conclusions without substantive ficld observations, Indeed if climatic
geomorphology is to be more than a sophisticated claboration of casual ob-

1 Tho invostigation was made possiblo through tho sapport of ‘tho Resoarch
Commitloo and tho Goography Dopartmont of tho University of Wisconain (Mndi-
son), Laboratory fucilitios woro gonorously providod by tho sedimontological
laboratory of tho Goographischos Institut of tho University ot Bonn and thoe Soils
Dopietmont of tho University of Wisconain, O, Frianzui providod discussion on
sovoral podologicnl probloms as woll us tochnical wdvico in tho laboratory work,
whilo Joun Lanaron kindly analyzod o numbor of samplos colloctod in 1064, Pho

“atinmlating compuny of P, L, Burzse during tho fiold souwson i much approvintod,
R AL Nunson olfored valuablo suggestions on tho munuseript,

(4)
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servabions, minute stratigraphic and laboratory analyses must be undep-
takenand published. Tt is hoped that the observations recorded heve will aid
towards a better understanding of Pleistocene morphogencesis in the Medi-
terrancan region.

Stractnre and Lithology

Thoso parls of the provinee of Gerona which lie between the lower
courses of the Ter and Tordern can be subdivided into several geomorphic
units, all doveloped on the great granito batholith known as the Catalan
Block. Tho constal mountaing or Cordillora Costera are bounded by
the rugged, ireogular Costa Brava coastline and by the Ampurdin dopres-
sion along the Moditerrancan shore, the interior pre-littoral depression
to the west (IMig. 1), A brief account of the structure and lithology of the
major gecomorphic subdivisions to bo considered follows, largely based on
W. Scuninn (1929), H. Asupaver & R, Twicnminnur (1935), L. Sous
& N, Lroris (1939), J. Oavanvinn (1942—43), J. Mancer & Soni
(1949) and Lr.ovis et al. (1953).

a) The Sierra de las Qabairas. 'The northernmost scetion ol the Cordil-
lera Cos{;pm, commonly known as the Gabarras block, consists of o
granitio horst with n mantlo of motamorphosed Pulucozoic sedimentaries,
and rises to 531 m on the Puig d’Arques. The greatest part of the Palaco-
zoic bedrock congists of Ordovician and Gotlandian schists, mica-schists,
slato, graywackes and quartzites. Sandstones and conglomerates of the
continental Lower Tocene, and massive nummulitic limestones of the
Middle Eocene are embanked against the (lanks of the Gabarras at Gerona
and along the edge of the Jower Ampurdan depression. 'The Palacozoic
sedimoentaries wore intensely folded and metamorphosed duoring the
Heroyninn orogeny, wherens the faulting vesponsible for the Guabarras
fault block belongs to the Alpine orogeny (heve probably mainly Pontian
and Upper Pliocene). v

"Tho presont relief of the 300—500 m upland is comparatively smooth,
dominated by orosional surfaces at about 400 m, 300--320 m and 180~
220 m (Marorr & Sonu, 19490, p. 79—81), into which the lnteral drainago
lines have incised deep, steopsided valloys,

b) Phe Cadivelas Massif. ‘The adjacent, more southerly seetion of the
Cordillora Costora, hetween the Aro and Tordera valloys, ¢an probably
ho host designnted aftor tho highost, peak, Cadivetas (519 m). The Palue-
«oio motamorphics do nob covor much aren hevo, Lnstond o great mass of
medium-grained granodiorite with aplitic and pegmatitic sublacies, and

(6)
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Fig, 1, The Costa Bravea Region, Blovations ovoer 200 m indicotod by duark patdor,
) 0 - 200 m by lightor paltorn,

o greab variety of aplitic, pegmatitic, quartz, and felsitic dykes dominato
the somewhat rougher tectonic block. The more acidic granites and quartz
ov quartzitic facies arc considerably more resistant, whilo the porphyritio
granites and tho granodiorite mass nre more susceptiblo to disintegration,
so producing & more noticeable differential crosion,

Lrovis ef al. (1953, p. 18-20) recognize crosional surfaces at about
420—500 m, 320—840 m, 240260 m and 140180 m, with coastal benchoes
ab 70--100 m and ¢, 30 m,

¢) The Scloa Depression, Wosb of the Gubarras and north of tho Ondi-
rotas mussil lioy tho broad, flut-lying deprossion of the Selva (,,forest**),

(6)

Pleistoceno Goomiorphology wnd Steatigraphy of The Costa Bravae Region i

formed by a basoment of granite, with some Palacozoie sedimentaries in
the far north, and a veneor of Plio-Pleistocene sediments, The aren is
deained northwards by the Onyae system, themore southerly regions drain
off to the Tordera. The general level of the plain vises from 100 v in the
norbh to 2560 m in tho south. Although Marcur & Soni (V:#), p. 724,
Tig. 1 and 13) emphasize block faulting along the northeastern margins,
abtributing  primary orvigin to late Pertiary tectonic subsidence,
Liovis et al. (1053, p. 20--22) consider tho tectonic aspects with consid-
ernble caution, placing major emphasis on the erosional (pediment-type?)
character of the depression.

The denudation of the southern Selva, responsible for the 1+0—180 m
and 240—260 m surfaces, antedates deposition of tectonically deformed
Pliocono sedimonts nonr Llagostera, and undeformed Plio-Pleistocenc
beds widespread in the Selva.

d) The Lower or Bajo Ampurddn Depression. North and ecast of the

Yabarras o series of complox faults, with total vertical displacement of
some 400 m, define the sonthern limits of the Ampurdan depression.
Over 70 m of Lower and Middle Focene sediments overlie the Palacozoic
and granitic basement, displaying considerable Alpine deformation.
The rosulting plain rises slowly land-inward, to 100 m at the foot of the
Cabarras, whore it may undevlio Villafranchinn or Lower Pleistocence
doposits. The surface morphology underlying these beds is conspicuously
crogional, eut across structural features.

¢) The Aro und Palafrugell valleys. Intervupting the Gabarras and the
Cadivetns massif.is the transversal tectono-crosional Avo valley. The

tabarras ave separated from the lithologically analogous Bagur massit by
w smadl graben-like valley, the Palufrugell Corridor,

: Modern elimatie featurves

"The Costa Brava region lies within a comparatively moist, summer-dry
moesothermal climate with hot summers and mild winters (Csa in the
Koppen classification), The 1906—1925 January mean at Bagur near the
const is 10.9°C., tho July mean 23.8°C. The mean maxima and minimay
of January nre 12.7 and 9.0°C. rvespectively, of July 26.0 and 21.6°C. I'he
abgoluto minimum on record is 1.0°C. These same values for Gerona in the
interior ave 7.1, 22.9, 13.2, 1.1, 20.4, 16.5, and -13.0C. in that samo order
(F. Wnoner, 1040). Significant rogional dilferontintion iy then confined
to wintor tomporntures: frost is vory rare along tho const but common in
tho intorior,

(1)
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Yig. 2. Distribution of bunwd Precipitation.

Annual precipitation (Fig. 2) varies from under 500 mm at the coast
(San Xeliu 476 mm, Tslas Medas 388 mm), to over 900 mm in the high
country, of which about 909, fall between September and May (Wrobel,
1940). Precipitation is almost oxclusively in the form of rain. Tho constnl
stationy have less than one day a year with snowfall, whereas the moun-
tains above 500 m have over 4 days with snowfall.

As the significance of tho summer drought is not divectly propor-
tional to total rainfull amount — despite the limited regional tom-
perature differentintion — vx Mawronnms aridity indox was applied
to monthly values in the sonso of W, Lavur (1952). Months having
an index 12p/(t-}-10) [whero p monthly procipitation in em, t+ monthly
temperature in °C) less than 20 are considered as arid. This data
can be omployed to determine the approximate number of “arid”
weoks per yoeur, Wig, 3 shows tho numbor -of “arid” weoks per yonr,
based on 13 stations within tho mapped aren, Tho duration of summor

(8)

-z

Pleistocono Goomorphology and Steatigraphy of thoe Costa Brava Rogion ]

DURATION OF
SUMMER
DROUGHT

cPALAMOS

Wig, 3. Duration of Stemmer Drought Period in Weeks, Obtained by ase of modifiod
Do Martonne aridity indox (soo toxt).

drought so defined and deseribed also indicates considerable variation
between the coast and the interior (31 weecks at San Feliu, only
4 weeks at Gerona).

Geomorphic characteristics of the Modern Coast

"T'he outline of tho Costa Brava between Blanes and Palamas is related
Lo u sories of northeast-southwest fractures running parallel to the coast
(Linoris et al., 1953, p. 27—29), but, as the same authors point out, tho
absonco of deop waters offshore (—80 m isobath wb 4—5 km distance) and
the modorato erenulation make it difficult to designate this a fault const.

The topography of the Costa Brava coastline results from differential
marine erosion and fluvial dissection by subsequent streams. Tho greater
part of tho const is marked by plunging granito olilly, occasionnlly with
stacks, hoadlaunds or narrow, stoop-gided drowned inlets. Other seclions are
marked by oxtoensive littornl sand bars or playas (platjas in Gatulan),

(9v)
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Differential marine erosioi is largely responsible for the irregularity of
the ehifl consts, As Lworis et al. (1953) indieate, the acidie granitic sub-
lnoics, or dykes of aplitic, imgu}util/ic or quartzitio type, are-considerably
more durable than the more basic granodiorites or porphyritio granites,
In effeet most of the stacks and small headlands consist of NW-SE oviented
dykes of pegmatitic or aplitie granites. Larger promontories commonly
consist of the more acidic subfacies. The badly fissured, corroded and
limonito-stained granodiorites offer more limited resistnnce to wavo
abrasion and in a very gencral way may be correlated ‘with areas of
more advanced cliff recession. Further, caves may be noticed along
basic dykes, joint-planes or shatter zones (cf. Lroris et al.; 1953, p. 28;
Pl 3a, 3b, 4b).

Fluvial disscotion was associated with perviodic incision of the lower-
most stream courses to below modern sea-level. In the case of the smaller
streams, narrow, submerged inlets called calas were produced while in
the case of the largest streams, such as the rieras (“streams’’) of Tossa,
Liloret, and Calonge or the Ridaural, Lato Pleistocone pnd Recent alluvi-
ation was sufficiently great to fill the bedrock channels to about the edge
of the oliff coastline. Some intermediate streams excavated broad channels
but were too small to refill them during the Upper Pleistocenc. The har-
bour of San Feliu do Guixols and the Playa de San Lol are good examples
of this type. Being large onough to permit effeotive wuve nction,
constal sand bars have developed, hence the local population refers
to them as playas (“beaches”) rather than calas (“inlots”) which they
properly ave, .

Small sandy beaches are found in most of the ealas. Bxtensive beaches
vcour on the opon const stretehos, such as tho 2.2 km long Playn do Avo.
"T'he beaches are uncongolidated conrso sand and grit, composod mainly of
comso to granulo sizo quartz crystals dovived from geanito disintogration,
Tho steopness of the beach slope at the water-mark is proportional to
beach width and exposure to wave-attaclk, with inclinations varying from
5% to over 209, Beyond o smooth ridgo at --2—4 m, aeolian bedding is
oconsionally noticoable, so that tho playas aro of the beach-ridge coastal
type deseribed from Malloren (Burzur, 1962). Although typical acolian
mantles and sand dunes are lucking in the southern Costa Brava, thoy
have at times been significant south of the month of the Ter. Most of tho
material of the beach-ridges is devived from Pleistocene allavium, finer
compononts being solectively romoved by wave notion.

A Ctadun eontraction oguivalent Lo ,,Rio do Aro',

(10)
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The calus of the cliff eonsts nre not fully typiceal for the type oviginally
definod by the classical Mallorean enst eonst (¢l Burrzer, 1962). Tostead,
thosoe inlots designated as calas on the Costa Brava have Veshaped vather
than steepsided, flat-bottomed valloys. By tho critevion of I, Louts
(1960, p. 247) they would then be rias, rather than calus. Thisawvould also
be acceptable by I. v, Rionrnoruns (1886, p. 308—310) original ria
definition of drowned valleys of a coast transverse to structural grain, in
this case the Hercynian folds. However, unlike the rias of the Galician coast
of Spain, the Catalonian calas ave due to periodic or episodic streams,
i. 0. they are drowned torvent valleys of the semiarid zone. The transverse
profile of these minor streams is simply a matter of extreme “youthfulness”
and has no particular genetic significance. Considering that the larger
channels have been subsequently filled with alluvium, and that the
large bays of San Feliu and San Pol are genetically true calas, it would
be justified to comsider the southern Costa Brava as an atypical cala

. coast, T ontiy sta, Brava betweon DPalamos o Bagur iy, i
soast. The contral Costa Brava between Palamds and Bagur is, in

fact, quite typical.

Pleistocene coastal features of the Costa Brava

Prevequsites for Shoreline Prescrvation. The Cutalonian beach-ridge
consts are not ideal for Pleistoceno shoreline development as a vesult of
repoated continental deposition. Similarly tho badly fissured granites,
with almost vertical joint plancs, offer only limited possibilities for
shoreline development or preservation. Modern beach platforms are also
poorly developed. Similarly to the Mallorean cliff coasts (Burzeg,
1902), functiona]l platforms aro missing oxeept in the vicinity of tho
calas. "The surfnces of suoh platforms are highly ircegular due to Lthe oblique
anglos of jointing, nowhore are they planed off smoothly, mud notehes aro
absent. Pleistocene erosional features of marine origin must then also be
limited to rather irregular abrasional surfaces, forming equally irregular
coastlines as a résponse to differontial erosion. Cliffs may be expeeted while
marine doposits must bo senrce in view of tho typical lack of consolidation
of beach doposits, resulting from a comparative searcity of carbonates and
an abgenco of finer components. The moluscan fauna of the coast is also
comparatively poor, A :

Previous work. Tt is not swrprising then that, apart {from soveral
Ploistocono marine torenoes, only two instances of marine doposils huvo
boon roportod to date. At Cunyellug nonr Llorot a woll profile formerly
oxposod Uppqr Pleistoceno colluvium over & m ol sands, T m of mud and

\ ( 11)
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3 m ol reddish sands with an wnidentified mollusenn founa ot an unspeci-
fied elovation above .\'m‘-luvul (Lrnorts et al., 1953, p. 42). Similarly ab
Cap Roig, o gritty Late Pleistocene loam overlies coarse marine sands,
'Mho writer did not notice any Pleistocene marine beds.

Pleistocene marine erosion has, despite the unfavorable eircumstances,
left conspicuous features wlong the Costa Brava, Liowms e al. (1053, p,
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Yig. 4. Profiles of the San Feliv de Quizols Area indicating tho goomorphie signi.
ficanco of tho 100 m marine abrasional platform. Alluvial doposits shown in black,
granitic bodrock by erossos. Yortical oxaggoration 9x,

18--20) mention the Lloret — San Feliu crosional surface, developed at
80—100'm between Lloret and Tossa, and at 70 m in the San Feliu arca,
Captions to their photographs (Plates 4a, 70, 10D) suggest & marino origin,
Similaely these authors indicnto the presenco of a 30 m surfaco, deseribod
s possiblo “terrnce” at §’Agard and Avo. Photographs (Plates 5b, 6a)
allude to a lower marino level at 2—-3 m. J. CaranprLn (1943) further
indicates the presence of abrasional platforms on the Montgri massif,
north of the lowermost "Ler, and on the adjoining Modas islands.

“Older Abrasional Platforms. Moro intonsive study of anciont shorolino
features of tho southern Costa Brave showod that tho highest abrasional

(12)
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forma of possiblo marine origin oceur at abont 145 m ab Punta Guixeras
on the limestone Montgei massil, and as o namber of poorly preserved
honehes in 124—135 m between Sun Felin and Lloret. However none of
these features is sufficiently general or distinctive to permit any
conclusions. :

All the more conspionous is an almost ubiquitous Shoreline atb
ca. 100 m, Although badly dissceted, this olten rather extensive marine
plattorm with associnted olifly and stacks, or former offshore islunds,
suggests an extennated period of development. Tt is particularly im-

SE Nw
g g
TR .

Fig. 6. Longitudinal Profile of the Islas Medas and Puntu Quizeras Promontory
indieating-tho 100 m sholf, sloping ab 1Y) from tho platform and cliff ol la,
Guixoras bo tho islot Mogoto Bormab. Voertienl oxnpgortion fx,

pressive around Lloret, south of Tossa, in the general aven of San
Telin (Fig. 4), in the piedmont area near Aro, near San Danicl, and
at Punta Guixeras, extending across the Yslas Meday (Fig. 5). Similarly
the deformed Eocene strata of the Bisbal area of the Bajo Ampurdin
have been conspicuously planed off at about this same level. Both the
prominence and advanced degree of disseetion of this 100 m shoreline
indicate an carly Pleistocene date. The altimebric position suggests
the early Sicilian. Any marine deposits once present have heen destroyed
by pedogenetic processes and subsequent erosion.

The next highest shorcline, convincing, but not too well developed,
iy found at ca. 60 m, It is conspicuous at Fanals — just south of Lloret —,
at the Faro and adjacent promontory of Lossn (Photo 1), south of Cula
Bona, betweon Plays Givarola and Cap Penting, on the Forcas peninsula,
and at Mas Collet, near San Daniel. This shoveline is also of carly Plei-
gtoceno age, judging by its poor preservation, and may be later Sieilian.
At any rate it is the youngest genernl shoreline recorded by notable
platforms and cliffs,

(13)
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Minor Ruised Beaches. Lator shorolines, invariably limited to evidence

of vory local platforms or the more dubious eritorion of truneated stacks,
cut oul of more resistant dykes, wero recognized in sovornd altituding!
rungos. Thoy provide an incidental seulpture to the nore-morphology
of tho Costa Brava cliffs: commonly ocourring as small steplike platforms,
arranged one beside the other, generally found on prominent headlands
or in the flanks of cale inlets. The following altimetric units were identi-
fied:

30-35 m?
22-37Tm
16—19 m
12-13 m
4—-8 m

Reference is to distinctive marine abrasional features that can be em-
ployed for shorcline determination with o rveasonable amount of
reliability (Photo 2). Since even a woathering mantle is usually missing
tho absence of marine deposits on these small crosional fontures iy
wunderstandable,

These late shorelines are geomorphically comparable and altimetrically
approximately equivalent to the Tyrrhenian I, TT and TIT mavine torrnces
of Mallorea (Burzen 1962, Burzur & Cunrna, 1061, 1962a, b). Lacking
fossil horizons, dircet correlation is not permissible. A dertain degree of
stratigraphic delimitation however is made possible by continental
deposits, corresponding to Pleistocene regressional phases, overlying o
number of such beaches. These Pleistocone sediments, referred to below,
indicate that at least the 16—19 m and 22—27 m shorelines are of pre-
Lato Ploistoceno ago, whilo Lroris® sootion at Cap Roig (1953, p. +2)
indicates thoe samo for the 4—8 m shorelines,

' These levels were identified at the following localities, which can be readily
found on the 1: 50,000 national topographic series maps Nos. 334, 365 and 366,
2nd. edition. 30—35 m lovol: Palumés and $’Agurd; 22—27 m lovel: Playa do Foson,
Palumés, Rocas Planag-Torro Vulentina, S'Agars, Foens, San T'olmo, Blanos;
1619 m lovel: Playa de Tosen, Cup Roig to Barrio de Fanals (Avo), Pta. Prime,
Jorcus. San Telmo, San Canot, Cup Pontind, Tossa (Faro and Lo Isla promon-
tories); 12—13 m lovol: Plays do Fosca, Palamds, Cap Roig, S’Agars, Forcas,
Sen Telmo, Canyot do Mar, Cap Pontiné, stacks botwoen Cula Bona and Tossa,
Tossa (Lo Tsla), Llorot (Fanals), Blanos (Lo Roen); 4—8 m lovol: Tlaya o
Tosen, Pulumds, Plays do Roig, Playa do ln Cuova, Plays do Conen, S'Agned,
Foreus, Sun Tolmo, San Canol, Cup Ponting, Llyyn Givaroly, Toussn ond Blunios,
lvon lowor lovols in 1--3 m are indiostod ot Plays do Roig und 8'Agied,

(14)
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Plio-Pleistocene deposits of the Fastern Selva

Previous Work. The Plio-Pleistocens sediments overlying the abeuded
\ e g o & N " 0. ¢
hedrook busoment of tho Selva were elassiticd by Magewr & Soui (9,
p. 80—44) into threo, contomporary fnoios:

(a) 30—40 m of multicoloured, sandy lacustrine clays, partiy:fossiliferous
(northernmost area, exposed at Palau Sacosta); . .

(b) 40—50 m of arcose beds, resulting from granite disintegration, alternuting
with conglomeratio horizons (most of the Selva, sections deseribed from Quart

and San Andrés); ]
(¢) over 30 m of silicified arcose beds of Caldas (southern Selva).

LiLoeis et al. (1953, pp. 33—86) recognize two stratigraphic units: A

(i) Upper Llagostora serios, considored to comprise Mancur & Som&s
Plio-Pleistocone sequence and some 30 m of cobble conglomerates, \V{t.ll an
arcose matrix, exposed south of Llagostera. No evidence of tectonic de-
formation is reported from any of these scctions, .

(ii) Lower Llagostora scries, exposed onl_\./ south’ of Ifluvgosl:cm, and com-
prising ovor 50 m of rather folded and faulted dotrital sandstones and

multicoloured clays or marls.

Whereas the (Lower?) Pliocene age of the Lower Llugostem‘ s.crics sug-
gosted by Lrorss el al. is quite plausiblo, despite u lack of founa, tho
strabigraphio position of the Upper series, considered at some lcngt.h ?)y
Mancir & Soufi (1049, p. 42—43), is inconclusive. The general facics
charactor and the limited, molluscan fauna of Palau Sacosta are employed
to show analogy with similar Plio-Pleistocene scdiments in the norphm;l Y,
Alto Ampurddn (of. J. M. RinuRra, 1950), in Roussillon. and lthe Rho.nc |
Valloy at Lyon. The fauna in question includes the following species

(Manonr & Sora, 1949, p. 110111, PL 13):

Limnaea ovala,

Limnaea canalis,

Limnaea sp.

Cyclostoma elegans,

Cyclostoma elegans vax. ferynginenm.

Pestacelly brunloniana.

Testacella halitoides (3).

Helicella cellaria.

Heliw acosnia.

Heliz sp.

Clausilia (Tryplichia) moxima,

Mausibia (Pryptichia) sinistrora, var chive.
( 16)
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Mancrr & Soné suggest the faunal assomblage could be either Uppor

Pliocene or Villafranchian, and consider the Upper series as “eor bninty
later than the marine Plaisencian, although impossible to determine
whether anterior or not to thie \’Jllwlmuclumx” (1949, p. 43). Nevertheless
the Spanish authors gencrally designate the Uppor scries as “continental
Pliocenc”. Sedimentological evidence will bo offered bolow to suggest
that o part of the Uppoer Llagostera sories is Villafrancian, white a moro
recent stratigraphic roassessment of tho Lyon sequonco by 1¥, Bournikr
(1953) shows that even the so-called Upper Pliocene spocics estacelln
bruntoniana, 1. halitoides and Clausiliv sinistrosa oecur in the Lower
Villalranchian, and are not sufficiently dingnostio to pu'uut stratigraphic
differontiation,

Mancer & Sonst (1049, p. 45, 47) further recognize some 2—6 m of red
conglomerates, tentatively idontified with an uppor terrace of the Onyar
and exposed at Quart, Palau Sacosta and IFornells. The same authors
definitely correlate this terraco with the Villafranchian.

T'heQuart Sequence., Tho

Pleistocene section of the
Selva is found at the
w4 quarry of Quart justsonth
-] of that village, nt XM 6.4
of the rond CGerona-Llago-
stera. Marcer & Sont
(1949, p. 39—40, PL. 6)give
©f only a very rudimentary
s  description of the follow-
ing, woll stratificd beds on
o schist base (top to bot-
tom);

e YELLOW  SERIES

1m coarse reddish
conglomerato

Im multicoloured
clays

4m  reddish clays

0.5 m fino conglomerato

6m  multicoloured

Rig. 0. Section of main profile at the Quut Quarry. Soo sandy cloys

sealo al right § : ‘i wtian © .

_ ght in molors, Vortlicnl oxaggoration 2x, 0.6 m conglomerato.
(16)
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Tho quarry pits soom o havo beon somewhad enlarged and deepened
sineo studied by Mancwr & Sowi, so that the nhove sequence requires
onsiderablo rovigion. The writer recognized three disconformablo series
of semi-consolidated sedimenty (Fig. 6): (1) a basal “Gray Serics” of utb
least 8 m of light gray silt, represonting fine, lacustrine deposits, without
dotrital intorenlations; (2) un intormedinte “Yollow Series” with up to
over 12 m of reddish yellow silt or cluy, interealated with mediun-sized
gravel horizons, ropresenting n mixed subaqueous deposib; and (3) v sur-
face “Red Serics” with about 6 m ol comse gravel with yellowish red
snndy matrix, representing an alluvial terrace or fan,

In dotail the Quart sequence can bo deseribed as {ollows (from bottom
to top):

(i) Gray Sorios. Over 8 m, A fino-grained, silty-cloyoy loam with 999 of
its matberind below 200 microns, a maximum in the coarse silts, u sccondary
maximum in. the clays (Tables 1, 2). Carbonates account for 69, by weight,
while quartz is the dominant material. Complotely uniform as to grain-sizo,
tho doposit lacks visiblo stratilication and was later subjoctod to oxidation and
roduction as u rosult of sonsonal watorlogging (pseudo-gley). This is indicatod
by large irvegular patches of light gray (2.5Y 7/2) in o background of reddish
yellow (8YR 6-7/8)1, studded with 1—2 em Hecks ov short, vertical concentra-
tiony of iron oxide. Both red and yellow oxides are present. :

"Table 1. Quart and KM 10 Granulometric Analyses® (in percent)

200—1000p. 60—200p 20—60p 6-20p 26 <2

Km 10 (vii) 427 16.9 12.0 10.1 5.4 12.7
Quart (xx) 59.9 104 10.4 6.5 2.7 10.1
Kwm 10 (vi) 12.6 228 228 12.9 55 235
K 10 (vi) 0.2 21.8 206.6 8.4 134 20.8
Km 10 (v) 7.4 246 28.06 17.5 6.8 18.0
Quart (xviii) 6.1 9.1 16.9 22.6 8.9 37.4
Km 10 (iii) 2.0 20.6 324 20.4 6.6 18.0
Quart (viii) 6.1 316 23.0 19.3 6.9 13.1
Quart (ii) 6.4 156.3 17.3 18.1 15.06 27.2
Quart (i) soil 3.1 25.0 1.7 18.2 U.8 20.0
Quart (i) , 0.7 5.4 22.0 33.3 15.8 22.8

! Colours givon rofor to tho Munsell Saoil Color Charts, Boltimoro, 1954, and nro

dosignutod for dry sodimonta,
* Urnin-sizo analysos wore carviod oub by ‘the Kidha molhad, and invarinbly
rofor to tho fino soil componont.

Abh, Muthom.-naturw, T, Nr, 1 ( 17 ) 2

\
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o 4 H
Pable 2. Quart and KM 10 Modium Sand Fraction Analysos! (poreont)

14
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\'Valtv,l'\v'(n'q Windworn  Unworn i

Quartz = - Quarty Quurtz.  Carbonates (11,0)

K 10 (vii) 12 } 2 - 81 43 7.88
‘Qmu'l; (xx) 10 21 69 2 6.70
1Ko 10 (vi) 16 1 83 2 .51
K 10 (vi) 10 2 84 2 7.08
Km 10 (v) 2 6 82 7 8.h06
Quurt (xviii) 7 18 h 2 .54
Km 10 (iii) ] 10 81 IR} 7.02
Quart (viii) 8 4 88 | 7.07
Quatt (ii) 7 10 83 l 743
Quart. (i) soil . : O 1 7.08
Quart (i) 12 0 8Y ] 7.17

On the basis of the uniformity, lack of bedding, the overwhelming
dominanee of unworn quartz graing and a total absenco of windworn

graing, the Gray Series must bo considered as o lavoustrine sediment ol -

fine granitic residual materialy, deposited in quiet wators, derived from
perennial, non-torrential streams with weak gradients (at least in their

lower courses). The beds attain about 48 m above the local lovel of tho

Onyar sand 123 m above sen level.

A long periad of subacrial denudation, dissection, and weathering follo-
wed upon the deposition of tho Gray Scries. At least soveral metors of tho
fine lacustrine silts were removed, and the surface planed off to o slope
of about 69, in the direction of the modern river Onyar. Bither prior to
or after this crosional phase a longer period of intensive chemical wen-
thering — not associated with tho pseudo-gluy ~ led to the development
of a rotlehmn type soil on the Groy Series (IFig. 7). Although nowhero
observed in situ, o light red (2.5 YR 6/8) soil sediment, whose grain-size
spectrum (Table 1) leaves no doubt as to derivation from the lacustrine

L

! Micro-morphological -quartz sand analysos (of, Carurxux, 1042) woro mudo
of the modinm sand grain sivo in ordor Lo assess tho noolinn componont of tho
gilts ag woll. Although this procodure iz movo diffieuls, it is g significant as
study of tho 300 to 1500 micron compononis. Of intorost is tho fuct thab tho gnarts
mioromorphomotry of tho Selva doposity is rnthor uninformative, Being o granito
bf)drock aron, conrso quartz grit is rathor abundunt and long stromm transport
dintuncos aro nocossury Lo round off and polish quurtz grains. Conunonly this is
only aceomplishod aftor sovornl gonorations of teannport, i o, allor ropontod

dovivadion from oldor alluvind or colluvinl bods,

(18)

Wiy 7. Section of western profile ub Quurt Querry. Soo toxt, Lottors n, by ¢ volor Lo

tho Yollow Sorios, lottor a Lo rodopositod and contortod Yollow Sories mutorinl

“(during sodimontation of the Lower Red Sorieg?), lotter B to colluvial seree post-
dating tho Rod Sorios, Vorticat oxaggoration 2x.

Deds, is distinctly prosont at the base of the Yellow Series. The sand com-
ponent has increased, due to addition of derived materials, the elay
componeiit increased as a result of weathering. The carbonate content is
reduced to 0.9%,. The presence of only 3%, waterworn quartz grains pre-
cludes digtant transport, . ‘

(i) Yollow Series. Bed a. 170 cm. Light ved to reddish yellow (2.5 YR 6/8~

7.5 YR 7/6) loamy clay (Table 1, 2) with 20 em of finc volled schist gravel at
base. The noticeablo stratification is inclined at 6-8%, bedded N40—-50°W.
The upper 50 em of Dbed (ii) appear to be woatherod light red in silu, although
the ovidence is not conclusive.
* (iii) Bed b. 95.cm to ovor 7 m. Medium to coarso, rounded gravel (Table 3)
with 9.5% of the pebbles mechanically fractured during ot after transport!,
Matrix of reddish yellow (5—7.5 YR 6/8) coarse sand. Genorally well-strati-
fied.

! Numerous Catbalonian dopdaibs conluin approcinblo proportions of pobblos
“that have boon mechanically [ractured during or after transport. b tho formor enso
thoy have boon partly or fully vollod, und now show comparatively [rosh fractures,
i tho lattor enso, tho pebblo is split én gitu, with tho purts in plico or alinost condi-
. guous. Although shoor mochanical impact during tranaport, as woll as cortuin forng
of chomical wonthoring (salt) in situ muy produco similar fonturos, frost-nction
appours to bo tho mosl wignificant vurinblo. With due rostrictions, thon, stutistical
minlysos of 100-sposimon sumplos for such fractured pobblos ny givo w cortain

indox of froat-nction;
(10) o2
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Table 3. Morphomelrie Geavol Analysos
Vatoes of p (Littig's Index of Rounding)!

Coelfi- Percont
‘ Percent  ciont of meehani-
Sumple Meanp p =8  Variation cully
Nizo  (Poreont)(Porcont) of p (¢f,)  fractured

Quart. Quarry (Sehist)

Bed (xx) upper 00 423 0 338 30
Bed (xx) lower 100 4.4 0 28.2 17
Bed (ix) 100 43.0 2 J9.1 20
Bed (vii) 75 45.6 1 J6.1 23
Bed (v) 100 49.8 0 36G.3 4
Bed (iii) main seclion 100 45.1 0 30.67 . 9
Bed (iii) west section 100 . 520 0 30.09- 10
KM 10 (Gerona-Lla-

gostera) (Schist)
Bed (vii) 100 46,1 0 36.1 50
Bed (vi) top 0] 47.6 0 3.2 35
Bed (vi) base 80 51.3 0 27.3 30
Bed (iv) o0 42.6 2 40.2 R
Bed (ii) b 413 4 46.3 3
KM 3 (Riudellots -

Cassiv do In Sclva)
Upper Red Series 00 544 0 23.6 17
Lower Red Series 75 5 0 28.4 24

Riera do "Tossn
KM 1.8 and KM1.0 (Granite)

Holocene recent 1l 50 37.7 16 63.7 ~
“Low tevrace (basc) 50 443 4 54.0 17

Middlo terrace (bed ¢) 100 45.8 0 34.0 31

! Tho indpx of rounding (p) by Lirrra (1950) is obtainod by estimating tho por-
contago of o pobble’s cireumforonce that is smoothonod and convox, Tho following
rangos of moan p s aro suggostod as unoful: 0—10, angular; 11-20, subangibnr;
: 2}~v40, subroundod; 41—060, roundod, 61-100, well roundod, ‘Fho couffiviont of
varintion of the rounding indox oxprossos tho homogenoity of gravel snnploy
rathor offoctivoly, and is usoful in gonotie intorprotution,

(20)
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(iv) Bed o, 6075 om. Reddish yollow (7.6 YR 6 716 8) elayey fonm with
light geay (2.5 Y 7/2) flooks, Consista furgely of line quarts, debrix, with o lithe
biotite.

(v) Bed d. 100-115 e Coarse, rounded gravel (Pablo 3) with 195 lractured
pebbles,

(vi) Bod . 70—115 em. As (iv), with somo pobblo interealations.

(vii) Bod [, 66130 om. As (v), lalovally with intorentntions of linor silts,

(viii) Bod g. 70—-130 om. As (iv), bub conrser (Tables 1, 2).

(ix) Bed h. 105 em. Medium, vounded gravel with 25% fraclured pobbles.

(x) Bed i. G0 om. As (iv)

(xi) Bed j. 30 cm. Medimm, rounded gravel.

(xii) Bod k. 90 em. As (iv)

(xiii) Bod 1. 40 em, Medium, roundod gravel.

(xiv) Bed m. 90 om. As (iv)

(xv) Bed n. 20 em. Moediwm, roundod gravol.

(xvi) Bed o. 55 em. As (iv) Bed o and some ol the adjacent tower beds show
sccondary calcarcous concretions and vertical dehydration fissures filled with
liighly calenrcous dotritus.

(xvii) Bed p. 60 em. Medium to conrso, vounded gravel.

(xviii) Bod q. 60 e, As (iv), but finer (Pables 1, 2). No secondary caleareous
conerotions.

Tho scdimontology suggests rencewed deposition of granitic vesidual
matorinls, while tho presence of derived soils, argillaccous residuals of
schist Ledrock, and local - detritus all suggest different environmental
conditions. Periodio, notably torrential waterflow of ncarby streams
indicates o fundamental change of elimate. Alternating lacustrine sedi-
mentation of clays and subacrial or subaqueous deposition of alluvial
matbor suggests location near the shores of a shallow lake or marsh,
possibly subjoct to considerable flucknations of level and shoreline. 'The
aravol is modoratoly decomposed, particularly the ocensional granites.
The whole Yellow Series exhibits reddish and gray fiecks due to oxidation
and reduction, similar to that of the Gray Scrics, suggesting that the
poriod of seasonal waterlogging postdates the Yellow Series.

The periodic intercalation of coarse, detrital beds may have resulted
from spasmodio uplilt of the Gabarras horst. This hypothesis receives somo
support from the apparent absence of macroscopic schist residuals in tho

Jray Sorics. Tlowover the changing proportion of mechanically fractured
pebbles, and the complex local intorealations of gravel and clay imply
that climatio poriodicity was ab least partinlly vesponsiblo. The fractured
pobbles suggest & comparatively cold elimuto during the doposition of
the groater part of tho Yollow Sories.

\ (21)
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(xix) Red Series. Lower part, Over 5.7 m. Bxposed only in step-like fren-

ches adjucent to the fovel railroad erossing, disconformably overlying 1.7 m
of dotrital silty clay of tho Yollow Series, ovor schist bodroek, At the hnso aro
3.2 m ol stratificd yollowish rod (6 YR 5/6) sand and gravol, showing somo
ovidence of fostoon-like solifluctoidal.contortions, wnder 90 em of redopositod,
unstratificd materials from the Yellow Series, and 1.6 m of crudely stratified
intermixed derived Yellow Series material and quartz cobbles. These beds
aro clearly embanked against the Yellow Series, indicating extensive prior
dissection, and were mistaken by Manowr & Sors (1949, Fig. 7) as a basal
conglomerate of the Yellow Scries. Possibly contemporary was the redepo-
sition of some 6 m of Yellow Series material in the form of a convoluted
reddish yellow (7.5 YR 7/6) slope deposit, exposed on the far western side of the
quarry (Iig. 7). The extremely variable and lenticular sorting of fine gravel, sand
silt and elay suggests solifluction, although probably as a result of water sutu-,
ration and lubrication, with attendant mass sliding on a slope averaging 259%,.

(xx) Red Series. Upper part. Over 1 m. Coarse schist and granite gravel
rounded, 179, and 309%, mechanically fractured in different; éamples, bedded,

- on an 89, slope, N40%\V towards the modern course of the Onyar, The matrix

consists of yellowish red (5 YR 5/8) coarse quartz sand with considerable
amounts of mica. Microscopically it can be shown that threo-fourths of tho
medium sand grains are reddencd by weathering. The surface forms part of
an alluvial terrace or fan at 58 m above the present course of the Onyar
attaining 133 m above sea-level, ,

The Red Series is only poorly represented at Quart, but at least offors
an argument for mixed alluvial-colluvial processes following the disscc-
tion of the Yellow Series (Lower Red Series) and later, well-defined
fluvial sedimentation (Upper Red Serics). The marsh or Iake conditions
of the Selva had been entively superseded by subaerial processes priov
to deposition of the Red Series. ‘The Lower Red Sories was, judging by the
presenco of weathored Yellow Series material, probably precedod ‘]>y i
period of red soil developmont. Another period of red soil dcve]opm‘cnt
cither followed or preceded the Upper Red Series. However it is not clear
if the discolouration evident is due to the presence of colluvial soil
products or to weathering in situ. )

The KM 10 Section (Gerona-Llagostera), Tho upper part of tho Yellow
Sories and most or all of the Red Series is exposed at o previously unro-
-cm'ded pit and in the nearby highway cut at KM 9.9-10.1 (Ge;-mm to
Lingostera). The following seetion (Iig. 8) is exposed at the small quarry
section (bottom to top) (Photo 3): ‘

(i) Yollow sorios. Bed m® Ovor 140 om. Roddish yollow (6--7.0 YRR 7/8)
clayoy loam, largoly of fine quartz dobris with o litllo mics. Largo vortionl,

(22)
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P UPPER. LD SLINES

COLLUVIUM 3

} YELLOW SERIES

ig. 8. Composite scction of K21 10 (Qeronu-Llagostera) expusures. See text, Verlicul
: oxuggoration 4x.

dehydration cracks oxtend to ab tonst 1.5 m below the suelace, and ave filled
with socondary caleite and derived fine detritus.

(i) Bed n’ 16—20 em. Medium, rounded schist gravel, with 3349, of pebbles
mechanioally fractured (Table 3). Matrix consists of red (2.5-5 Y1 4/8) coarse
sand. Well bodded on an 6—89, slopo, N40°W.

(iii) Bed o' 30 e, Reddish yollow (7.6 YR 7/8) clayey lonm (‘Fable 1),
without desiceation cracls but with high earbonato and pil-values (Tablo 2).

(iv) Bed p’ 50 em. As (ii), but coarse, with o yellowish red (5 YR 5/6) matrix,
and 289, fractured pobbles (Table 3).

(v) Bed q' 26 cm. As (iii), but lower sccondary caleite envichment (74,), and
very alkaline renction. A 3 om thick massive calcito crust (crodite zonaire) caps
tho surfaco, whilo fine travertine laminae are alrondy present within the bed
itself.

- Whethor or not the upper steata of the Yellow Sories nt KM 10 (bedsw’
to q') correspond to beds (m) to (q) ab Quart, is difficult to decide. But
the presence of dehydration cracks inboth, and of a surface crust at KM1o,
is suggestive that this is indeed so. The persistance and decline of frost
aotion nb both loenlities, suggested by the [ractured pobbles, also supports
this. Vory probably tho uppermost strata of the Yollow Serics huve nob
been lost.

The travortine-like calcarcous crust, sccondary calcification and dehy
"dration crncks avo probably genctically related and followed immediately

upon sodimentation. Unlike on limestone hedrock (Burzer, 1963 n),
snrbonate onvichmont in o granite und schist aren prosumubly roquires
roduced solution and henco drior climuto. Tho absonco of crnoks and

(28)
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reduction of carbonates in the uppermost layors at Quart and XM 10 iy
possibly duo to subsequont romoval of enleito by solution,

(vi) Lower Red Serics. "About 10 m. Coarse, rounded gravel (Table 3)
consistently 35-369% wmechanically fractured, inclined at 7—8Y%,, N40°W,
without major disconformity to bed (v). Tho matrix is consistently rather
clayoy (20-26%) (Tables 1, 2), the earbonatos about 29, Tho matorinls are
reddor (2.5—-5 YR §/8) at the hase (due to colluviation of rod soils?) and at tho
strfuce (duo to soil dovolopment in situ?), otherwiso reddish yollow (5 YR 6/8).
Laterally the gravel facies grades over conformably into clayey loam with
intorspersed gravel. This lateral chungo is readily intorpreted by coarse allu-
viation in close proximity to the ncarby stream, with finor sedimontation at
grontor distance during the flood soason. Patchos of light gray (10 YR—2.5Y
7/2) and forruginous ﬂcclxs in the finor facies agnin suggoest pseudogloy conditi-
ons. The final deposits, judging by soctions oxposed at XM 11, may havo
involved massivo mixed travertine and alluvial sedimentation in ealeito
crusts of 1.6 m thickness. Locally, massive dchydration fissuves, as much as
15 em across and largely filled with calearcous evaporites, mark tho uppor
1-2 m of tho finer facios.

The Lower Red Series definitely indicates Intoral, fanlike deposition
of the Gabarras tributaries onto a higher Onyar floodplain (at about
+ 58m, at 139m above sea-level). The climato was dofinitely cool,
and streams were markedly sensonal. "This suggests a cool, pluvial period
of considerable duration. Similarly as in the ense of the cool, and also
moist, climate of the Yellow Serics, a period of dry (and warmer) climato
suceeeded, leading to the formation of caleite crusts and dehydration
fissures. Considerable denudation and disseetion appears to have preceded
the Upper Red Series.

(vii) Upper Red Series. At least 1.6 m. Course, rounded gravel (Fablo 3),
with 50%, fractured pebbles, and a matrix of yellowish rod (2.5—5 YR 5—6/8)
coarso sandy loam. The disconformity with (vi) is marked by eroded pockots,
filled with rather contorted gravel and cobbles, possibly duo in part of soli-
fluctoidal movoment. Bedding direction s N45-50°W. Tho deposit is noti-
ceably weathered, tho predominantly schist gravol strongly docomposod.
'I'ho whole bed appears to ropresont the truncated lower 1—1.5 m of o rotlehm-
type soil, whose classical (B) -horizon has been largoly lost to erosion. Tho
Upper Red Scries has a high carbonate content and a volatively high pII (Tablo
2). This suggests secondary caleification during a later phaso of drice climato.
Laterally tho deposits grade over into a meter or moro of yollowish ved (5 YR
5/8) colluvial silts, deposited on the slopo of the nearby stroam ab o much lnter
date, documenting subsoquont crosion,

((24)
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Tho Upper Red Sories, although apparontly the product of a brief
ngeendation phase, way deposited under conditions quite annloguos to
thoso of the Lower Red Scries — a cool, pluvial climate. The beds are
59 m above the local Onyar, at 140 m above sea-level, 1. e. al a more or
less identical surface level as the Lower Scries. Deposition was probably
followed by o longer period of chemical weathering with modorately
intenso rotlehm podogonesis on w conrso grovel bed.

Other Plio-Pletstocene Sections of the Selva. Mong tho rond from Cassit
to Riudoellots, a numboer of geetions expose the various Plio-Pleistocenc
sediments filling tho oastern Selva. A detailed raverso of this roulo
(Kig. 9) showed that the road almost cverywhere exposes surficinlly
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Wig. 0. Transverse section from KM 1-3 (Rivdellots-Cassi de la Sceloa). Soo toxt.
Vortical oxaggoration §0x.

weathered loamy or sandy clays and well-stratified gravel (quariz,
schist, granito, basalt) recalling the Lower Red Scries. ‘I'he beds have
beon dissected by tributary streams, and in part form erosional tervaces,
notably at + 24.5 m (106 m) and - 27.5 m (109 m). A remnant pocket of
the Upper Red Series is preserved in -4 55 m (136 m) at KM 3. It consists
of coarse, crudely stratifiied, rounded schist gravel, 179 mechanically
fractured, in o yollowish red (8 YR 4--5/8) sandy lonm. The gravel is
more rounded and homogencous, suggesting longer trangport than the
moro detrital beds at the cdge of the Gabareas (‘T'able 3). The rotlehin
soil with o yoellowish red (5 YR 8/ )}(B)-horizon of 60--90 m (luvclf)pml
on the Red Serics nearby has alrcady been described by Marcie & Sors
(1049, Tig. 12) as “cluvial Pleistocene”. The only other strenm feature
on thig rond soclion was u -j- 7m (88 m) tereace of fine unconsolidated
yellowish brown (10 YR 6/4) alluvium, of Upper Pleistocone age.

(26 )
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Othor anatogous sedimonts were studied ot KM 11 and 14 of tho Goroni-
Lingostera voud, where the Lower Red Sories is oxposodin |- 69 m (145m);
al N Andreés de Sadon, where the Yellow Series is oxposed; and at,
Fornells, where the Lower Red Sovies ean bo observed.ab - 58 m (133 ),
The only additional information-provided is thut the Lower Red Serics
is very widespread, represented by a terrace rising from an absoluto
valuo of 130 m in the north to 145 m further south. It is part of a graded,
alluvial filling of the Selva floodplain, The Uppor Red Serios seems to
be locally contined to a thin gravel mantle, possible forming piedmont
alluvial fans at the edge of the Gabarras. Only locally are the Yellow and
Ciray Series preserved below this filling, indicating thorough dissection
preceding the Lower Red Series. :

Palauw Sacosta. The extensive quarvies of Can Quintana near the con-
fluence of the Onyar and Ter were visited briofly on bwo oocasions, onco

“in the company of Dr. SoL&. The sections are briefly described by Maront

& Sort (1959, p. 39—40, 4243, and Tig. 8). In order to enable compar-
ison with the preceding scctions from Quart and KM 10 the sequenco
can be synthesized (top to bottom):

(a) 3 m-of yellowish red, coarse, well rolled gravels representing the Red
Series (Lower?), ‘

(b) 12 m of reddish yellow, altornaling sories of silty clay and sandy silt, in
which the molluscan fauna doseribed belongs to the lowermost 2 m. Dospito the
absenco of conrser debritus, this can bo safoly equated with the Yollow Series.

(¢) over 5O em of gray silts, possibly ropresenting tho top of the Gray
Series,

In other words, tho Gray Sories is so far only typically known from
Quart. As u corollary, thero is no significant latoral change in facies from
north to south, betweon clays and wreoso beds, such as was postulated by
Mancwr & Sornt (1949, Fig. 9 and p. 47). The only change is that of the
detrital component within the Yellow Seéries — the particular formation

described by Marcwr & Sovii (1949) from ench of tho throo oritical sootions

ab Palau Sacosta, Quart and San Andrés,

Summary of the Plio-Pleistocene Formations of the Sclva

(a) Gray Scvies. 8 m exposed, oviginal thicknoss possibly as much as 50 m,
Uniform, vory fine-grained lncustrine silt, doposited in quich wabors, derived
from  peronninl, non-torrontind stronms, Climaio moist, Inoking sonsonnl
periodicity, and presumably warm, :

(206)
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- -subnorial dissoction, denuidation, rollehm dovelopmont—

(h) Yollow Sorios. 12 m oxposed. Altornating fino hods ol cluyoy silts and
contso heds of modorntely rollod gravel or sand, derived from mixed Incustrine
slluvind sodimontation near the fluctunting shores of a shallow luko or marsh.
Although the elay content of tho fine beds of the Yellow Sevies is nsually higher
than that of the Gray Series, a rather different regime of sedimentation is
indicatod by the dominanco of the sand fraction in the Yollow Series, as opposed
to the silt fraction in the Gray Soeries. Scasonal waterlogging ol fine lower-lying
beds took place at this time. Tho local sbreams woero subjeet Lo periodic, torren-
tial discharge. A gradual increase of frost-action to appreciable proportions
during the second half of the Yellow Series — on the evidence of pebbles mecha.--
nically fractured during or after transport—suggests a notable temperaturo
depression underway during sedimentation. Seasonally rather moist climate,
incronsingly cool. Crust scdimentation and dehydration fissures suggest
increasing aridity duting final sedimentation.

—intensive subaerial dissection, probably also rollehn: development—

(¢) Lower Red Series. 10 m oxposed, original thickness possibly as much s
50 m. Coarse, well rolled, eryoclastic gravels and clayey silts with somo gravel,
derived from strong lateral allaviation into the depression, with fine sedimen-
tation, froquently colluvial, on tho margins of tho torrential tributaries. T'he
sories forms part of o distineb alluvinl toreaco complox at about 5560 m above
tho prosent Rio Onyar. Seasonal waterlogging of fino, lowerlying beds. A
sonsonally very wot, cool pluvial elimate. Travertine deposition and dehydration
fissuros suggoest increasing aridity during final sedimentation.

— dissection; denudation —

() Upper Rod Series, 1.6 m oxposad, oviginal depth or aveal oxtent unknown,
Yoarse, woll-rolled, eryoelastic gravel or cobblo dotritus apparently doervived
from briof and shallow, fan-like doposition on the marging of the Selva by
lateral tributaries, conforming to the 60 m floodplain. Scasonally wet, cool,
pluvial climate,

- rollehm soil dovolopment —

Tntorpreted geomorphically and palnco-climatically all but the Gray
Series can bo considered as Pleistocenc scdiments. The Cray Sories was
tho product of a climatic environmoent quite unlike thut of the present,
and is probably Upper Pliocono. Stratigraphic suggestions for the Yellow
and Rod Sorvios will bo mado after disoussion of compurnblo dopaosits in
the ndjoining arons.

{ 27)
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Pleistocene deposits of the Bajo Ampurdian and the Lower Ver

Precious Work. Marewe & Sovs (1449, poodd-49) identify bwo alluvial
fans wdjacent to the Dard and Rissech rivers in the castern piedimont zone
of the Gabarras. These reach from gbout 90 m elevation in the Ampurdin
to about 150 m on the Gabarras slopes. Up to 25—30 m thick, the fans
consist of loeal cobble gravols, with o roddish matrix of sand and clwny.
Thoy wero atbributed to the Villafranchinn and corrclatod with tho Red
Series of the Sclva.

Manrcwr o Soni also refer to low strenm terraces on the middle Rissech
and Dard, while Pleistocone torrncos wro briofly deseribed at - 8, - 8,
|- 45—48 and - 78—80 m abovoe the course of the Tor near Gerona.
Manin & SaN Miauxr (1941) do not recognize any Pleistocene doposits
at tho mouths of the Ter or Dad,

Terraces of the Middle Daré. A reinvestigation of the Middle Dard
yielded considerable information. The uppermost parts of the stream have
incised steop gorges into the Pulacozoic bedrock, and dopositional fou-
tures or orosionnl bonehies only bogin ab n minor confluonce aé about,

Y N N .
120 my, near KM 19 A low terrace can bo rocognized as o - 6.5 m oro-

sional platform on one side of the stream, a - 7.3 . depositional terrace
on the other. A higher, better developed terrace is present at 4+ 15 m.
Adittle further downstream ab KM 19.5—20, tho stream broadens and well
developed terraces appear (g, 10): o “low terrace” at - 8 m, with a
later step-like beneh cut at 4 4 m, a “middle terrace’” ab 4 16—17 m, and

HIGH TERRACE

MIDDLE
TERRAGE

7

RIO DARD

LOW TERRACE

Fig. 10, Pransvcrse section of the Rio Dard wt KM 19,6 Riudellots-Lu isbal).
Soo toxt, Vorlical oxnggoration 10x,
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o “high torraco™ nb aboub -§- 60 m, ropresenting tho massive alluvial fan
described by Marowr & Sow,

Tho low torrnece nb KM 19.5 congists of line, well-stratilied alluvium,
grading laterally into colluvial serces derived from the middle terrace.
Tho elimax soil developed on the low terrace is a meridional braunerde,
in tho sonso of Kuninna (1053). The light ycllowish brown (10 YR 6/4)
(B)-horizon attaing a dopth of 40—50 em under & very shallow A-horizon,
Congidorable humus of tho malliform moder typo is present, The clayoy
lonm toxbure is Inrgely devived, the structuro granulur or crumb. Due to
socondary ecalcification the carbonatos attain £% by weight, the pll
valuo is 7.6. As cun bo observed on numorous low terraces ol the Costa
Brava, this brown, dry-forest soil is the Holocene climax.

Tho middlo torrnco consists of coarse, stratificd, sortod and rounded
gravel with o rather different climax soil. A 30—70 em A-horizon of light
brown (7.6—10 YI 6/4) colour is present, with a carbonate content of
only 2—-39%, and an acidic reaction of 5.6—5.8. The rich humus iy of
wmadliform moder typo, the struoture polyhedral or crumb. The elay content
i somowhat lowor than in the underlying (B)-horizon, althongh micros-
copic examination shows good dispoersal of the colloidal cluys present.
The (B)-horizon of over 1.5 m depth varies from yellowish red to pink or
reddish yellow (5 YR 5/8, 7.5 YR 7(4—6), with similar carbonate content
but lower pH values (6.4~5.7). Thoe lonmy clay has o subrounded poly-
hedral structure. Migration of the colloidal clays iy cvident under the
microscope, and dark ferruginous concretions are visible. This soil is
then a good example of a relict, silicato braunlehm (cf. Kubiuna, 1953).
It is the product of a phase of warm, moist climate, presumably during a
part of the last interglacial.

The soil of the high terrace of fan, which is of identicul facies as the
Red Sories of tho Selva, has generally been badly eroded. 16 is however,
well preserved in a road section near KM 19.5 whero 1 m of middle ter-
raco gravel overlies the edge of the high terrace in the following scction
(top to bottom):

(n) 36 om, Fino alluvium, mainly loamy clay.

(b) 656 om, Comwso, stratifiod, unsorted wnd rounded gravol with a matrix
of loamy clay. Middle Terrace. Disconformity.

(6) 5600 em. Rounded, crudely stratificd and unsorted cobblo gravel — in an
ndvanced stage of decomposition — with a clayey matbrix. 1ligh terrace.

(d) Over 50 em..Schist bedrock. '

Tho rolict of fossil soil profiles present in this mune section appear as
follows (Pables 4, b):
(20)
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(i} 70 em. A-horizon (10 YR G/4).

(i) 30 e, (B)-horizan (6 YR G/8).

(iti) 26 em. A(B)-horizon (5-7.0 YR 6/G).

(iv) 475 em. (B)-horizon (2.5 YR 6/8).
"The fossil A(B)-horizon has a reddish yellow matrix of sandy-oclayey loam
(Table 4) with crumb structure. Microscopically the basie quartz grains
are enveloped in a well dispersed plasma of colloidal clays. The (B)-
horizon proper has a red matrix of loamy clay, mainly autochthonous,
considering the coarse nabure of the deposit, The structure is polyhedral,
and under the microscope shows unworn quartz grains and some manganeso
in a colloidally dispersed plasma.. Small red concretions are also visible. The
carbonate content is negligible, the pH rather acidic (Table 5). This buried
snil_ is w silicate rotlehm (Kusruna, 10563), testimony of very intensivo
weathering during a long, warm, moist phase — prior to the last inter-
glacial. These three distinctive soils are repeated on ‘several terrace

Tablo 4. Rio Dard Granulomotric Analyses (in porcont)

200—
2000p  G0—200p 2060 6—20p 2-6p <2

Low terrace (B)-hor. 24 .4 103 - 131 12.6 13.06 171
Middle tereace A-hor, 8.7 142 222 17.6 8.6 28.8
Middle terrace ‘ :

(B)-horizon 15.9 16.8 14.8 111 6.6 34.8

High terrace AB-hor, 1.9 20.0 30.7 9.9 4.0 22.9
High terrace
(I3)-horizon 6.4 16.3 14.0 151 5.9 42

"Table 6. Rio Daré Medium Sand Fraction Analyses (in percont)

Water-  Wind-

) _ Unworn  Carbo- pH
(;3::;% (3‘1’3: rltz Quartz natos (1,0)
Low terraco (13)-hor. 19 7T 4 4 7.62
Middle terrace A-hor, 27 19 b4 S - B3
Middle. torraco
(B)-horizon I : 83 2 6,70
High torraco AB-hor, -1 - 10 VAl ] 6.74
High torrace (B)-hor, b d 0l 1 4.88
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sequences in the provineo of Gerona. 'The votlelon of the high Levrace has
steatigenphiontly duatod parnllots in n Pyrrhoninn T osoil on Mallorea
(Burzin & Cunnoa, 1962) and o Middlo Pleistocens soil in Sorin (Burzeg,
1963b). The deop ferrelto rotlehms developed on Mindel mornines and
outwash in northern Italy (Frinzre, 1059) are also analogous and pro-
bably contemporary. ’

Further downstream on the plain at La Bisbal, analogous terraces
may be found at + 6, + 14 and + 50 m above the Dard. The high terraco
or fan is last recorded there. Iixtending to about 90 m above sea-level,
it shows no evidence of marine erosion, and appears to be younger than
the 4 100 m marine platform. This would suggest a pre-penultimate
interglacial, post-Early Sicilian age, i. e. Lower Pleistocene.

TFurther towards the coast, the low terraces of the Ter and Dard con-
lesce as the intermediate, middle terrace diappears. The low terrace drops
slowly in level to about 4 4 m at Gualta, before the stream enters the
complex estuarine zone with its dunes of historieal age. This arvca is also
charactorized by previously unrecorded Pleistocene neolinnites.

Perraces of the T'er. Apart from tho romarks of Mancwr & Song (1949,
p. 48—49) a more detailed terrace study of the lower Ter — between
CGerona and the sea — is in process of publication by Dr. Souk. Conse-
quontly only a fow comments will bo mado Lere in order to clucidate the
rolationships between the Selva terracos and the coast.

The low terrace of the Selva, with its meridional brawnerde, has a geno-
ral clevation of - 7 m along most of the lower Onyar tributaries, rising
to 4+ 9.6 m at Km 3.5 of the road Gerona-Llagostera, as the Onyar joing
the Tor. This low terrace is graded onto the low terrace of the Ter, which
is well exposed near Sarrid at 12 m above low water and 9.5 m above a
Holoconoe floodplain. The torrnce consists of over 6 m of rounded coarse
gravol aud cobbles, under & moter or so of colluvinl silts. A light brown
(7.6 YR 6/3) meridional braunerde, with a rather deep (B) and BC-horizon,
is developed on it. Further downstream the low terrace drops in level
to about 2 m at the mouth of the Ter, where it is obscured by Holocene
deposits. The stroam profile indicntes deposition during a regression of
the Mediterranean Soa.

A middle terrace, although frequently indicated by erosional and
oceasionally also by depositional featurcs in the clevation range of
-}~ 15—256 m, is not coherently developed in tho Selva nor on the lower Tor,

Tho high torrace of the Selva, represontod by the -- 55060 m surlaco
of tho Rod Surios, onn bo sporndicnlly, but distinotly trweod onto the 'Lor,
The - 78—80 m terrace onst and northeast of Geronn iy ab 130132

(d41)
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abovo sen-level and shows a normal stronm profile with the Red Sorios

ol the Selva. Furher downstronn, novtheast of Modinyd at K 736.5 on
the highway Gerona-Figueras, a similae alluvial fan ab 100 m (nhout.
80 m nbove the Lor) is graded onto the smme stream profile. The following
section is exposed here (top to bottom):

(a) 60 em. Yellowish red (6 YR 5/8) sandy colluvial silt with oceasional
pebbles, under o meridional braunerde with medium granular steucture and
woder humaus,

(L) 30 ecm. Medium gravel, mainly quartz, in o matrix of reddish yellow
(7.6 YR 6/6) sundy silt.

(¢) 0—=100 cm. Yellowish red (5 YR 4—5/8) sandy loam of colluvial origin,
with some calcareous concretions. Disconformity.

(d) 260 em. Moderately stratified, unsorted, rounded, granite and schist
cobble gravels in a motrix of yellowish red (6 YR 5/8) loany clay, a produet of
intensive rotlehm pedogencsis in situ. All except the quartz pebbles are rather
decomposed, and frequently disintegrate upon touch. The gravel is obliquely
bedded towards the Lor, This material is quite comparablo to the Red Serios
ol the Selva or the high torrace of the middle Dard. Tho soil development iy
also identical. Disconformity. '

(e) Over 200 cm. Yellow (10 YR 7/6) unconsolidated clayoy loam and
semi-consolidated medium sand with fine, horizontal stratification. This bed
is analogous to the Plio-Pleistocene of the Selva.

The Medinyd terrace shows that the Selva Red Series was truly Iy
floodplain terrace, graded onto an analogous terrace of the Ter. 1t is also
clear that this terrace is contemporary with or a little younger than
the - 100 m marine platform, and so, either terminal or post Villa-
franchian, This permits a correlation of the Red Series sensu lato in both
tho Selva and Bajo Ampurddn. However soparation of the Upper and
Lower Red Scrics has so far not proved possible in either the Tor valley
or the Ampurdin,

Pleistocene and recent Dunes of the Ampurddn Coast. The occurrence
of dunes along the flat coastal plains near the lowermost Ter and Daré is
of congiderable intcrest, At least two generations are prosont: cementod
Pleistocene regressional aeolianites and unconsolidated, recent dunes.

The recent dunes were active from the 14th century until successful
recolonization with vegetation during the years 1896/1903 (Marin &
SAN MriouxrL, 1941, p. 26—41). The dunes had apparently migrated south-
wards from tho Gulf of Rosas, and aroe dominantly oriented NNW--SSH.
I"hoy riso as much as 15 m above tho plain in tho area under consideration,
showing barchan morphology. Although quite calenrcous and alkaline
(pH 7.8), the material is mainly quartz sand. An inoipient rendzina-typo
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soi} development has lod to discolourntion of the upper meter or so to n
light brown (7.5--10 YR 6/3). Tho gonosis of tho dunes ix nbtributed to
an arbiticind ehungo of loontion of the mouth of the Fluvin during Roman
times, which supposedly fed to tho dovelopmoent of u beach vidge const
with & corresponding increase in deflation along the sull of Rosas
(MariN & San Miaunr, 1941). '

The Pleistocene acolianites are exposed at Km 25—26 of the highway
Torroolla-Palafrugell. At KM 25 one massive, cemented dune, inclined
ab 49, senwnrds, is bedded N77°W. Similar but more weathered dunes ab
KM 26 are bedded more irvegularly in southerly directions. Although
the quartz component is strong, deflated lime sands from the shelf area
are dominant. Reaction is notably alkaline (pH 8.5). These aeolianites,
whioch desorve further study, provide local evidence for one or more
Pleistocene regressions of the Mediterranean Sea.

Pleistoceno continental evolution ol the southern Costa Brava

Previous Work. Pleistocene foatures of tho constal slopes of the Cudi-
retas massif and the southern extremities of the Gabarras have been subjoct
to study by Lroris et al. (19563, p. 2627, 39—42). “Low” and, in most
casos, “middle” terraces were desoribed from the Ridaura, the Riecra
do Sta. Tscoldstica at San Yeliu, tho Riera de Tossa and the Riern do
Llorot. These data on stream terraces were combined with other obser-
vations to present the following relative stratigraphy of the Pleistocene
(LiLopis et al., p. 40):

C, (= Cuaternario or Quaternary). Alluvial facios: sandy clays and alluvial
gille bolow n mnjor teavortinio crust, considored us u stratigraphic marker.
Colluvinl facies: gritty loams and slope breceias, cemented by surfuco travor-

tinos.
O, Alluvial facies: well-stratified reddish gritty loam of a 10-15m highet

stream terrace. Colluvial facies: red colluvial elays overlying the supposedly
diagnostic travetine crust, and gritty loams with disporsed calearcous conere-

tions,
C, Alluvial facies: gritty alluvium and sands of a lower terrace. Colluvial

facies: fans overlying the lower terrace.
C, Alluvial facies: recent floodplain clays and sands. Marine-littoral facies:
recent beachos and littoral sand bars,

Since little morphogenctic interprotation is attompted by Lroris et al.,
and sinco pedogenctic oritoria are only touched upon, it was found useful
to restudy the torraces of the Ridaura and the Ricra do Tossn.

Abh, Mathom.-naturw, X1, Nr. 1 Cof 33) H)
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T'erruces of the Ridawra. Thoe Ridaura flows along o 20 km valloy whoso
headward erosion has continued sineo Mioveno times aling tho lino of w
shatter belt (Lrovis eb.al., 1953, p. 9, 23, 62-63). So (ar no deposits
antedating the middle terrace have been identified, although Lrovis ef al.
(1953, p. 26—27) consider 26—30 m crosional benehes near S’Agard as
probable terrace remnants,

Tho middle terrnco of the Riduura is presont upstream of KM 27.6 of
the highway Lingostera-San Foliu. The surfaco has been somowhat oroded,
80 that distinet tervaces aro searce. Fluvinl gravels aro howover frequently
visible. At KM 25 (ef. Fig. 4 in Lroris ef al.) the following exposure is
present in the railroad trench (bop to bottom) (Photo 4): A

(1) 70 em. Colluviul gritty sand, of strong brown (7.5 YR 4/4) colour, with
occasional stratified bunds of subangular pebbles,

(b) 60 cm. Intensely wenthered, rounded cobble gravols of granite, in a
similar mateix. ‘This fluvial gravel is 24.5 m above the modern stream bed.

(¢) 70 cm. Crudely stratified coarse, subangular to subrounded gravel, in
o yellowish red (6 YR 4/8) sundy matrix, Mixed colluvial-uvinl deposit of the
floodplain periphory.

(d) Over 130 em. YcelHowish red, sandy grit of eolluvial origin with crudely V

stratified, unsorted medium detritus.

This section shows that although the appavent terrace edgoe isat -- 16m,
fluvial sedimentation attained -+ 25 m during the aggradation of tho
middle terrace. The massive lateral influx of weathered sand, grit and
detritus, under conditions of pluvial donudation and crosion, is parti-
cularly clear. The reddish colour of the basal sediments reflects the pre-
sence of derived soil products. Nearby, an interglacinl soil profile is
preserved in {iner coltuvial material: a basal 80--90 cm relict (B)—horizon
of sandy loam with conrse polyhedial structuro and yollowish red (5 YR
4/8) colour, underlying 30 em of reddish yellow (7.5 YR 6/6) slightly
loamy sand of medium polyhedral structure. The latter represents the
top of the relict soil which has been modified and a little eluviated by
Holocene braunerde developmoent. . : ‘
Another middle terrace with a similar interglacial braunlelm profile
is present along a northerly tributary entering the Ridavra noar 1XM 27.5.
Thoe low terraco has a relative clovation of 4 8 m in the narrow valley
upstrona of KM 27, falling off to - 4m at Castillo, The levol rvises to
-+ 6 m at the mouth, as a result of later Holoceno fluvial and aeolian
deposition. "Tho mouth is deflected southwards by tho beach-ridgo, for-
Tning brackish wator pools that aro ouly episodicnlly vonnooted with tho
perennial wators of tho uppor Ridnurn, Tho low torrace propor was depo-
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sitod doving o poriod of low sen-Tovel, ns the gradient is about 209 steeper
vhan the modorn one botwoen Castillo and KM 256, Thoe sedimentiaro
ynbher fine, consisting largely ol gritty sands with embedded  pebbles,
Lateral colluvial intercalations are present. Pluvial crosion and aggra-
dation was somewhat less important than during the middle terrace eycele,
The subsequent, Holocene climax goil is o meridional braunerde with a
shallow, light brownish gray (10 YR 6/2) A-horizon wnd o 0-—8lem
yollowish brown (10 YR 5/6) (B)-horizon.

The two terencos of the Riduura wre, then, quite analogous to the
younger terraces of the middle Duxd.

Perraces of the Riera de Tossa. 'The middle and low tevraces are nlso
preserved in the Riora do Tossn.

Upstronm the narrow gorgo is charactorized by widespread colluvial
gritby sands or silts, embedding oceasional angulue detritus, sometimes
banded, laterally conformable with the middle terrace. These coltuvial
screes, ocowrring on the lower part of slopes inclined at 20—-609,, may
attain §m in thickness (Photo 5). Their sedimentation persisted o little
aftor aggeadation of the middlo terruce hud alrendy consed. A Lypical
soction at KM 0.1 of the road Tossa-Llagostern exposes 60—120 cm of
yellowishi red (5 YR 5/6) sandy grit over at least 80 em of crudely strati-
fied, rounded, cobble gravels, with detrital intercalations, in a matrix of
sandy grit. The geavel was in part mechanieally fractured after transport.
Morphologically the transition of Hluvial to colluvinl [acies is harely recog-
nizable. A 2 m soction of colluvial scrco at KM 7.2—7.3 preserves u soil
profile quite annlogous to that of KM 25 of the Ridaura: a 35 em light
yellowish brown (10 YR 6/4) Holoceno soil over a 65 em yellowish red
(6 YR 5/6), relict (B)-horizon.

Tho middle terrace proper shows an ivregulue gradient where preserved,
fluctuating from - 12 to 415 m, asarcsulb of fany formed at tributary con-
{luencos. This suggests the poorly graded profile of o torrentind stream. Along
tributaries the middle terrace fan may attain 20—25m above the streambed,
Downstream the general terrace level drops off rapidly from - 15 m'atb
KM3.0to -+ 12mat KM 2.1, and - 7.6 mat KM 1.8, Although the terraco
was nob rocognized further downstroum, tho gradient of the visible sectiony
again confirms a considerably lower baso-level than toduy. Anexposure at
KM 1.8 (Iig. 11) shows an excollont erosgscction of two aggradation phases
of the Iater Pleistocene, with related pedogenesis (from top to bottom):

(u) 00 em. Reddish yellow (7.6 YR 7/6), colluvial gritty sand embedding
angulnr dotritus, formorly graded onto the low terrce. (13)-horizon of
moridiond braunerde. Disconformity.

AUh. Mathem.-naturw, K1 Nr.1 {( 36 ) HE
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(b} 70 em. Loum with’
grit. and  oceasionnl  sub.
rounded pobblos or angulne
dotrituy  crudoly steatiied
radindly toward the siroum.
Red (2.6—-5 YR 4/6), relict
(B)-horizon developed on
middle terrace. Taterally

conformable with scree, nb
Fig. 1L Section of KM 1.8 (Tossa-Llagostera). Soo  huge goes over into

toxt. Numboers refer to clevation above modorn (c) 90 om. Woell strati-
streanm bed, "o seale.,

fied, rounded coarse gravel
. with occasional cobbles,
hedded with a matrix of red (2.5 YR 4/6) clay in upper half (Table 6), yellowish
red (6 YR 4/6) loam in lower half. Tho weathered gravel was 319 mechanicall y

fractured during or after transport, being axially deposited to the stream

(Table 3). The upper gravel is at 7.5 m above the stream bed: Disconformity.
(d) Over 50 em. Strongly weathered granite bedrock,

‘Tho relict (B)-horizon, extending 110 em below the disconformity, has
a clay component of up to 509, a negligible carbonate content (1%) and
a low pH of 4.8 in'its lower, slightly illuvial part. The structure is subroun-
ded polyhedral. Microscopically, the skeleton of quartz grains is immersed
in a regularly diffused mass of iron hydroxide sols, with tiny brownish
ferric coneretions. Bven though a small part of the clay is illuvial, another
part derived as a result of original sedimentation, these are the characte-
ristics of a silicate plastosol, midway between a braunlehm and rotlehm.
T'he lowermost 50 em form a BC-horizon, with similar ehemical charncto-
risties and structure, but a somewhat sinallor clay fraction.

The bedding of the middle terraco agninst the bedrock slopos indicates
that thero has been noxt to no bedrock incision since the alluviation of tho
middle terrace. The basic configuration of the stream valleys consequently
antedates the Middle Pleistocene.

The low terrace is very much better preserved than the middle, and also
grades lnterally into colluvial facics, which continuo along the lowor
hillsides as thin mantles of scree (Wig. 12). However, the low terraco
colluvia are less significant than those of the middle terrace. The low
terrace has a relative elevation of 4~ 6.5—7 m between XM 4.5 and 6.5,
dropping to - 4.5 m at KM 1-3 downstronm. Near tho mouth tho low
terraco is masked with colluvial serco derived from historienl soil crosion,
The steop gradiont confirms a low baso-lovel during pluvinl aggradation,
Strowm dischargo decronsed during sedimontation, A 8,6—4 m soeotion

(86)
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ab KM 1.0 shows ab least 55 em of very conrse, rounded gravel (Tahle 3),
below 110 em of medium (o conrse; subrounded gravel alternating with
gritby sand, wgnin under 130 em ol gritty sand \l\'il.h rare pebhles. This
suggests a deolining procipitntion. Mechanicadly fractured pebbles ocenr
throughout the complex.

The eolimax soil of the
low torrace is o 100 em bt
(B) and BC-horizon of
yellowish brown (10 YR
5/4) colour and fine gro-
nular structure. The re- RIERA
action is neutral (pH 6.5), TOSSA
while carbonates amount
to only 19, This is a
typical Holocene meridi-
onal braunerde.

Terraces of the lower
Tordera. The lower Tor-
dera drains the pre-litto-
ral depression via a trans-
versal valey of structural
location. The modern
floodplain is very broad,
abutting almost divectly
agninst bedrock cliffs. As
a result, terraces avo poor-
ly doveloped and difficult
bo - interpret, Near tho Wig. 82 Wvansverse: seelion: of the, Ricra de Tossa,
conllioncoof tho northern  yiamotor numbors vofor to tho rond Foss-Lingo-
and southern ' branches, stora. Vortical oxaggerition 2x,
however, two terraces
woroe repontedly observed along a 6 km stretch. The lower one at
4 5 m is analogous to the typicnl low tevrnce found on the Dard,
Ridaura and ricrag of Tossn and Lloret, the higher one at |- 17--21 mi to
the middle terrace.

Colluvial Deposits. Tho record of the fluvinl torraces is complemented
by soveral subelasses of colluvial doposits.

A numbor of exposures in typieal colluvinl deposits are found in. the
S'Agaro aron, from whioh Leoris et el (1063, p. 40-41) alreudy deseribed
soctions. in tho Masferrer and Pinell brickynrds. A good oxposure not

(37)
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recorded by these authors is available in the Trias brickyard, just west of

KM 2.7 on the highway San Felin-Palamds, lxposed, from top to bottom,
nre: S .

() 25 am. Brown (7.6 YR 4/4) lowmy grit of modium grannlae straoturo
with moder humus. Meridionul brawnerde doveloped én situ on a colluvial sedi-
ment. Disconformity.

(b) 55 cm. Local lense of reddish yellow (7.5 YR 5/6), highly porous, car-
bonate-saturated loam with prismatic structure. Disconformity.

(c) 75 cm, Reddish yellow (5—7.5 YR 5/6) weathered, colluvial loamy coarso
sand or grit, with angular detritus. Coarse, stratified grit at base.

(d) 90 em. Yellowish brown (10 YR 5/6), slightly loamy, coarse sand or grit,
with some detritus. Vertical fissures and streaks of calcium carbonate suggest
petceolation of lime-saturated waters, possibly during the minor erosional phase
soparating beds (¢) and (d).

~ () Over 6 meters, Reddish yellow (7.6 YR 5/6, 5 YR 6/6) gritty loamy clay.
with prismatic structure, and quartz grit with manganese precipitates along
fissurcs, suggesting scasonal water-logging at one time. Vortical streaks of
illavial ealcureous precipitates oceur in the lowermost sections. This colluvial,
interglucinl soil sediment is employoed for manufucture of roof tiles,

Beds (c)-(e) belong to one sedimentary complex resulting from arenl
denudation under moist conditions, with two drier interruptions coin-

ciding with surfaco washing by limo-charged waters. Locally, as in the

Pinell brickyard, sedimentary calenrcous crusts may be-presont. Bed (e)
was subsequently weathered although no good soil profile is presorved.,
This whole complex was probably contemporary to the middle terrace®,
The later, Upper Pleistocene colluvial phase(s) recorded in these quarrics
were not of great significance. The Trins exposure provides a typical
examplo of surface colluvintion by sheetflooding, surfaco washing and
mas-movement. ‘

The regional importanco of colluvintion is soldom obvious. Yot, such
processes may be considered responsible for the almost total removal of
rollehm or braunlelm soils common on the gentler sloping bedrock sur-
fnees prior to formation of the middle terrace, Today, soils of any appre-
ciable depth arc developed only upon colluvial sediments, not as residunl
mantles s situ. Most of the slope scdimonts, showing unmistakablo
signs of repeated deposition, are contemporary to the middle torrace,
as can be shown by lateral intorcalations with fluvial deposits or by tho
last inforglacial braunlehn soil doveloped on them. Yet evon the latter

AL loast noithor tho 'T'rine noy Pinoll hrickyards provido any ovidoneo supporting
Laorss ef al, (1063, p. 40-41) in their distinetion ol stratigeaphio nnils C; and Oy,

( 38)

B e

Pleistacone CGeomorphology and Stratigraphy of the Costie Brava Region 34
soil was mainly doveloped on sediments rather than primarily on fresh
bedroek. The most signilicant geomorphic process of the later Quaternary
was then donudation, A striking examplo of such activity ave the great
blooks of pogmalitio granito forming pedestal wnd eustollnted rocks in
the KM 16—17 avos of tho rond Tossa-San Feliu, Many such bouldors wre
found “stranded” 100m and more downslope, where they may he
immersed and stabilized in several decimeters of colluvium. These distine-
tive Loulders demonstrato that not only fine residual products but also
great masses of cobbles were periodically transported great distanees
downhill on 10—40% slopes by mass-movement and surface washing.

ROAD

Wig. 13, Section of KM 8 (San Feliu-Palamds). Svo toxt. Seado ot right in motors,
Approximadoly Lo sealo.

A difforent form of colluvial sediment is exposed hetween KM 649 on
tho rond San Feliu-Palamés. An instructive section is loeated al KM 8 in
o small abandoned quarry (Fig. 13) (from top to bottom):

(a) 150—220 em. Reddish yellow (7.5 YR 6/6), caleareous, clayey loam, with
gomo grit and quartz detritus and o coarse prismatic structare. The surface,
under a Holocono pararendzina type soil, inclined at 109, is bodded obliquely
toward the nearby torrent valloy. With good vertical clenvage and lnek of
visible bedding, this has the appearance of a loess-like colluvial sediment,
derived in large part from acolinn materials. The grain-size distribution of the
unattored sodiments (Lablo 6) is not that of a true locss however. Disconformity.

(b) 80—140 om. Light brown (10 YR 6/4, 7[3), medium sandy lonm with
grit; prismatio structuro, Calenrcous conerelions in npper 20 ¢m grde ovor into
calenreous surfaco crust, locally attaining 10 cm thickness, Surfuco slopo at 15%,.

(380)
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() 0-200 cm. Yellowish ved (5 YR 4-5/6), gritty lonm; prismatic struc-
fure. Low carbonato content but with chalky vertieal stronks in upper 40 om,
due to itluviation, o

Tablo 6, Tossa and Aro Uranulometric Analyses (in percent)

200—
2000 GO--200p 20-60p 6-20p  2-6p < 2p

Riera de Tossa

KM 1.8 (Bed ¢) 13.9 15.9 0.7 7.7 3.7 49.7
KM 8.0 San Feliu — By —
Palamds
Bed o : 7.5 8.0 8.6 16.5 204
Bod b 45 603 1 10.: 12.5
Bed ¢ 25 265 142 15.6 19.2
Bed ofii 166 105 350 18.1 19.3

(d) 0-20 em. Pocket of crudely stratificd, heterogencous coarse dotritus
with 5% slope, related to o band of stratificd grit ot o 16%, stope, ovorlying
bed (o). '

(0)(i) Over 130 em. Yellowish red (5 YR 5/6) loam with grit and crudely
stratified detritus. Coarse prismalic structure and low earbonate content.
Laterally conformable with bed (¢} (ii), from which it is derived by gentlo
erosion and redeposition.

(e) (ii) Over 180 em. Yellowish brown (10 YR 5—6/4), semi-acolian clayoy
loam with some fine detritus and coarso prismatic structure. No visible
stratification. Iighly caleareous with horizon of hollow loess poupées wh 1686,
slope, Lacks true vertieal clearago.

e : . y .

The semi-acolian beds (a), (b) and (e) (ii) contain a good percentage of

caleito grains in the sand component, tho only possiblo sourco of which
* * £ v ~ t” . . 1] °

wre opicontinental lime sands of molluscan origin, ‘Tho distinctivoness

ol these sediments is also emphasized by the abnormally high pH values

(‘Table 7). The gencral location on seaward slopes is significant. At KM 7.:

these silts overlic a granite cliff at 9 m olevation with an inclination of
10—-159. They must have formerly extended to below sea-lovel. An idon-
tical section is exposed at the coast near KM 8.8 .Unfortunately the exact

stratigraphic position of the silts could not be elavified : whether ono or

two sedimontary comploxes are presont, and whether theso aro all youngor

( 40)
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than oll of the minor ruised platforms. On the basis of the typical Holo-
cene soil profile thoy must pertain to an Upper Pleistocene marine regres-
sion, and possibly also to an carlier regression.

The origin of the beds oxposed at Km 8, and analogous sections al
KM 7.1, 7.2 and near 8.8, is that of acolian silts and sandy, intermixed
with varying amounts of granitic residual matter. This material was
subsequently deposited by colluviation in drainage channels or on lower
slopes, occasionally to below prosent sea-lovel. All of these sediments wro
detrital to some degree, and the grain-size distribution is not that of a
loess: all contain too much coarse sand (5--259%) and only beds (a) and
(efii) have a moderate maximum in the silt-fine sand fraction. There is
an obvious dominance of colluviul sedinmoentation in ench case. Since much
of the matorind is dorived from freshly deflated shell sands this is o
specind Jittoral subfucies, Duo Lo the short transport distances involved,
the quartz grain micro-morphology (Table 7) is uninstructive. These sedi-

Pable 7. Tosse und Aro Medium Sund Fraction Analyses (in percont)

Water-  Wind-

e o Unworn  Carbo- pil
f ) (S‘l ﬁ‘l 11:14 (3“:::";, Quartz ates (H,0)
Riera do Lossa ,
KM 1.8 (IBed ¢) 9 15 70 1 4.78
KM 8.0 San Felin —
Palamés .
Bed a b} 32 G0 8 7.6
Bed b ’ i1 32 57 14 7.1
Bod o 13 1k 73 2 7.3
Bed ofii 7 20 Gl 17 7.5

ments ave similar, although not quite comparable, with the semi-acolian

silts (not loess ag alloged!) of Sant Adrid de Besos, near Baveclona, des-
cvibed by Viraira & ZAMARRENO (1957, . 7—16).

A thivd subelass of colluvial depositsis that with mixed alluvial charnetor,
"T'hese inelude (a) channelled colluvial beds, which usually contain cruddly
stratified, angular detritus, and (b) lateral intercalations of slope colluvia
with stream alluvium, ranging from amorphous sheets to detrital fans,

Road sections botween Mossn and Playn Givarola exposo numerous
shallow, smoothly cononvo rills cut into bedrock inclined at 10—10% and

(419
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subsequently filled with a mixed colluvial-Buvial product. Most sonunon
avo gritty reddish (5 YR.6/8) lonms with angular detritos, bedded paratlel
(o the slope - when seen’in transverse secebion. Many of theso rills are
1015 m wido, somo as much as 25 m. Dopth of sediment may attain
1.5—2m, on occasion 6 m or more. Minor irregularities of slopo topo-
graphy are thus largely obscured, while mixed colluvial-fluvial mantles
converge in larger depressions leading to major drainage channels. The
greater part of this local fill is comtemporary with the middle terrace.
Photo 6 shows a 5 m filling of older, reddish yellow (7.5 YR 6/6) gritty
sandy loam, with a 130 cm relict (B)-horizon of yellowish red (5 YR 5/8)
loam, under a 20 cm, pale brown (10 YR 6/3) AB-horizon representing a
Holocene braunerde in development. On occasion, the major, reddish
yellow filling of the rills was subsequently dissected, with later deposition
of a brownish colluvium. Whereas the older fill has a braunlehm-type
soil profile, the secondary filling has a braunerde-type soil. -

The gradual transition from colluvial to alluvial facies is nicely oxhibi-
ted along the steep coastal torrents. So for example the drainage channel
abutting in the drowned valley or cala of Playa Givarola has as much
as 5—6m of coarse, detrital gravels graded onto terrace-like beds of
alternating stratified gritty sand and gravel, snspended some 40 m above
the valley floor. These strata ave inclined at 5—89%, towards the valloy
upstrenm, towards the sea at the mouth. Thoy must have once formed
a fan with coneave transverse profile in the valley, dropping off rapidly at
the coast to a sca-level at least as low as today. The valley floor has o
34 m filling corresponding to the low terrace. Similar situations arvo
common in this arca. They document that tho vertical bedrock incision
of tho torrents and adjacent calas antedatos the middle torrace. Tho last
two regressionnl complexes of tho Pleistoceno wero synchronous with
periodic denudation and aggradation of vesidual products, followed by
more disscction of valley fill.

A synthesis of Pleistocene Morplogenesis

Stratigraphy. The preceding regional discussion of Pleistoceno sedimonts,
soils and stratigraphy may be synthesized as follows, beginning with the
tcctonigally undeformed Plio-Pleistocene of the Selva:

(i) Gray Series. Lacustrine deposition in the Sclva, Peronninlly moist,
probably warm, climato. Upper Pliocono,
(ii) Dissection, denudation.
(iit) Rotlehin pedogenesis. Uppor Plioceno?

(42)
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(iv) Yollow Sorios. Mixed Incustrine-alluvial sedimentation i the Selva,
presumably abso aggeadation elsewhere, Alternnting wel amd dry seasons,
increasingly cool elimate. Lower Villafranchinn?

(v) Crolite zonaire sodimentation and dehydration eracks, Villafranehinn,

(vi) Dissoction.

(vii) Rotlehm pedogencsist N

(viii) Lower Red Series. Alluviation of piedmont zone and larger rvivers
(High Terrace). Scasonally very moist, cool. Upper Villafranchian or Lower
Pleistocene. .

(ix) Croilte zonaire sedimentation and dehydration cracks.

(x) Dissection; denudation.

(xi) Upper Red Series. Alluviation of piedmont zone. Scasonally moist,
cool. Lower Pleistocene. The widespread, major shoreline of -- 100 m (Barly
Sicilian) belongs somewhere botween units (vii) and (xi).

(xii) Disscction?

(xiii) Major rotlehm pedogencsis during warm, scasonally very moist
climate, probably contemporary with the Tyrrhenian T (Middle Pleistocene)!.

(xiv) Middle Terrace. Coarso stream alluvintion during lower sca-lovel,
TIntenso pluvial erosion and colluviation, Possibly interrupled by two (or more)
phases with local croiile zonaire sedimentation. Middle Pleistocenc.

(xv) Dissection of major streams in response to very low base-lovel and
reduced dischargo. Colluviation poersisted at fivst, then also ceased. Local
doposition of ncolianites probable, Middle Pleistocone.

(xvi) Braunlehm pedogenosis, during warm, seasonally very moish climate,
contemporary with the Tyrrhenian TI-IIT or last interglacial. Upper Pleisto-
cone.

(xvii) Low Terrace. Finc stream alluviation during lower sca-level, Mode-
rato pluvial erosion and collnviation, with admixture of derived acolian mator-
inls at coast. Probably interrupted by onc (or moro) phases with local croiite
zonaire sodimontation, Uppor Ploistocono. ,

 (xviil) Dissoction of major stronms in responso Lo very Tow base-lovel wnd
roduced dischargo. Doposition of acolinnites in the castern Ampurdin, Upper
Pleistocene.

(xix) Meridional braunerde pedogencsis, with modern climate. Late Uppor

Pleoistoceno-Ilolocono.

This swrvey indicates that the Pleistocene continental record of cast-
contral Catalonia is remarkably complete, although there remain certain
lacunae. The Inck of marine deposits and the rather loose corrclation of

P A similor rotlelun ab Wievin in tho southorn Pyroncos, roforrod to the Uppor
Ploistocone by Burzin & ¥nrinzea (1069), must now bo considorad ns Midddlo
Ploistocone, This implios tho prosonco of w pro-Rissinn glacintion in that aron.
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the one, stratigraphically inﬁp(n'l.unl‘. shoreline of - 100 m, are mujor
drawbacks, Alternadively, the fast fwo major regressional complexes,
presumably to bo corvelated with Wilem and Riss (in the conventionad
sense), permit n relative chronology including the middle and low ter-
vaces, and the previous, intermediate and subsequent elimax soils. The
Middlo Pleistoceno rotlehm is of such developmont and distinetiveness
that it can almost certainly he correlated with the Vyrrhonian 1, so

"vroviding the carliest corvolatod unit of the soquence. Possibilitios of
! 4

diroet identification ol wnity (iv) through (xi) are not available at the
monent, although the suggoestions offered are rcasonable and likely.
A major difficulty is that ol subdividing tho Red Series outsido of the
Sclva,

Unfortunatoly, and not surprisingly so, tho crodles zonaires hnve no
stratigraphic value. Although Risura (1950) and Lrorms ¢ al. (1953,
p. 40—2) only rccognize one such crust, at least 4 temporally distinet
crusts were identified in tho course of the ficld work. Although reasons
have aleendy boen given Lo quoestion a steatigraphio unit G as deseribed

by Lroris et al., the broad wnits G, and G; — incomploto in thomselves - -

oan bo correlated with our middle and low terrace complexes.

Morphogenetic Types. The Pleistocens record of east-central Catalonia
includes several morphogonetio types common to the Meditorrancan
vegion (cf. Burzir, 19630).

(i) Alluviation, colluviation and arcal denudation. The most conspi-
cuous morphogenetic type was characterized by deposition of local allu-
vial fans, widespread stream terraces and colluvial sediments, presum-
ably contemporary with pluvial erosion and denudation of highor-
lying surfaces. While the presence of cryoclastic features attests a cooler
climate than that of today, the absenco of congelifluction, ice wodges
and involutions (c¢f. Burzuir, 1964) shows that the wren was not within
n brue “periglacial” zone (cf. Trorr, 1948). Novertheless as base level
was lower than at present a general correlation with glacial periods is
possible, Comparative gravel analyses wnd general teansport eapacitics
indicated by stream deposits prove that stream discharge was grentoer,
more torrentinl in charactor, and of longer duration. Rainlull was groater
and also more intense than today, undoubtedly being .quite seasonal in
type. Hence cast-central Catalonin should have ‘beon wooded nb
the time, presumably an open heliophytic forest with incomplete vego-
tative mat, as is the case today. Tho typieal gritty, colluvial lonms derivod
Trom granitio rosidund products — nnd in purt from neolinn compononts —
offer a closo countorpmt to the limons rouges found on limestono bo-
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drock (Bumarn, 10630). Theso fontures provide ovidence in fuvour of
norphodynamio, cool pluvindy, essentinlly charneteristic of the early
glncinl rogressions.

(ii) Scdimentation of calcarcous crusts. Croidites zonaires are commonly
found at the olose of sedimentary phases during the Villafranchian and
Lowor Pleistocone, whore their association with dehydration eracks sug-
gests relatively dey climate. As found in Middle and Upper Pleistocen
beds, such crusts coincido with intorruptions of colluvintion. Ax enleite
enrichment only soeis possible with drier climato in this granitic arca,
the particular climatic-geomorphologic interpretation scems to favour
gronter drought and more limited solution. The association of such crusts
with colluvin requires an explanation., Since all of the Pleistocono sedi-
monts of tho areon show an incidence of 5--20%, windworn quartz gruins,
o large part of the enleito presont in unweathered sediments is probably
acolinn material derived from regressional deflation at the coast. In fact
the cnleito of normal deposits often consists of rounded, ellipsoidal
graing in the sand and silt fraction. Howoever, just whal process led Lo
enleito solution from surfico sodimonts and subsequent lvminar aceumula-
tion by lime-charged surfaco waters, is open to debate. No certain
palaeoclimatic or stratigraphic associations ave possible yet.

(iii) Vaitical disseotion. Linoar or vertical orosion probably oceurred
on various ocensions, possibly contemporancously with nreal denudation.

Presumably, major dissection” of alluvial fill followed shortly after
ageradation, while base-level was low and disecharge waning duving the
maximum of glaginl regressions. Disscetion wouald probably be most
active with a progressively declining, yet greater discharge than today.
At any rate it is certainly inaccurate to simply equate dissection with the
interglaeial intervals soparating tho pluvial aggradation phases, Probably
most of the dissoction of Pleistocene doeposits took place during the second
half of the glacial regressions.

Dissection of bedrock need not be equivalent to fill cutting. Considerable
quantities of water and moderately steep gradients ave required to pro-
motbe active bedrock disscetion. There has been no such entting in Cata-
lonin sinco the enrly Middle Pleistocene, by which time the calas and streawm
valleys had attained modern dimensions. Whether or not appreciable
bedrock dissoction oceurred duving tho Villafranchinn and Lower Plei-
stocene is not clear. Much of the local stream sculpture is certainly of
Intor Vortinry ago.

(iv) Rod soil formation. Pedogonosis of the rotlelm ov brawadelim Ay po
involved a anuch greator intonsity of chomical weatheoring than iy possiblo
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under modern elimatic conditions. Maximum warmth does nol now coin-
eido with maximum moistare (duving the teansitionad seasons), so that ad,
least awn appreciable part of Lhe rainy season must havo boon considerably
warnter than today. At preseit rollelons avo developing in tropical Afriea
only in aroas having a seasonal drought (Kusiena, 1957) so lending support
to the theoretical arguments of Rmrensrra (1947) when considering the
analagous process of terra rossa pedogenesis. Thus we may specify that the
ved soils of Catalonia formed under conditions of high temperatures coupled
with summer drought and relieved by a protracted rainy secason-necessary
for the development of deep soil profiles under a complete vegetative mat.
Yet tortential reins were either uncommon or ineffective. It appears then
that tho phases of intensive pedogenesis were characterized by a warm,
moist climate, marked by a brief yet intensive dry scason.

Yeomorphically, these periods were morphostatic (in the senso of
Duranp, 1959), with a minimum of erosion and deposition, a maximum
~of weathering in situ. Since the heliophytie meditorrancan woodlands of
today seldom support a protective vegetative mat, exeept in areas with
edaphic water sources, vegetation physiognomy must have been decidedly
ditferent.

Geomorphic Bvolution. Although bedrock disscction may have been
limited during the Pleistoconoe, tho aren was nevertholess subjocted Lo
considerable Tnnd{orm modification.

Fnformation coneerning tectonic activity is a little vague. Total absonce
of visible deformation in the Plio-Pleistocenc beds of the eastern Selva, or
of the Red Serics {an spanning the contact of the Gabarras and the Ampur-
din, suggests that stability has provailed at loast since tho timo of the
Red Series, Thore is however a possihility of dilferontial movemonts bot-
woon tho CGabarras and Solva during the Villafranchinn, although tho
recurrent suggestions of n continental floxuro on tho basis of the (rathor
to bo expected) senward dip of the -+ 100 m platform are quite unfounded,
Similarly the absence of well-developed Tyrrhenian shorelines cannot be
rated as evidence of later Pleistocene dcpvn—warping or downfaulting of
the Costa Brava, as has been variously suggested by Lroris (1045),
Bovroarr (1947) and Rrsura (1950). On the contrary, tho terrace gradients
of the coastal streams negate the possibility of coastal subsidence since
at least the carly Middle Pleistocene. The evidence availablo suggests
that except for the Caldas aren, tectonic netivity was not significant during
tho post-Villafranchinan,

Tnstoad, Ploistocono goomorphio-ovolution was Inrgoly n mattor of
climatio morphogonesis, Reponted morphostatio phases with podogo-
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nesis led to the development of decp residual mantles and the smoothening
of surfaco forms,

Such poriods wore Tollowod by dynamic pluvial phases, duving which
residual soils wore steipped off, and purtly disintegented hedvock swept.
into torrential streams as o cobble or coarse gravel load. This surlace
denudation was certainly concomitant with some slope digseetion. Increns-
ed mechanical weathering, in part attendant upon greater frost weathe-
ring, must also have led to stecpening of rock faces and slopes
created by denudation, o. g. the castellated rocks and sugarloaf forms
common in the mountains., Simultaneously the lower slopes and valleys
were mantled in colluvial or alluvial sediments derived from former (13),
BC, or O, soil horizons. The valley fill was ultimately dissected as the
pluvials waned and sea-level fell to the lowest level of the glacial regres-
sions. The incision of the calas was also a consequence of deep cutting by
the coastal streams during the Pontian and the early Pleistocene, with
subsequent drowning of the minor valleys by tho sca. Sineo the pedo-
genesis of the Uppor Pleistocene was incflective for bedrock weathering,
presont surface forms are largely a resulb of the geomorphic activity of
the pennltimate pluvial. The last pluvial only added incidental details
of sculpture and deposition.

Littornl morphogoncesis has also played a role. Yeb, apurt from the
100 m and 60 m platforms, marine abrasional features are limited to the
immedinto const. Pleistocene littoral deposits, almost exclusively of
acolian origin, are considerably less extensive than the modern beach-
ridges. They are confined to a few acolianites near the mouth of the
Dard, and the colluvial silts of mixed origin prominent near Cup Roig,
In offcet then, continental evolution, ay influenced by custatic lluctun-
tions of sen-lovel, was fur moro important,

CODtClllPO!‘ﬂl'y Processes

Where they are not influenced by human activity, contemporary
processes are largely in equilibrium, with only limited crosion and depo-
gition, Yeb stroam activity in the rieras is notable through (-9 months
of the year so that the potential for erosion is considerable. The comple-
tely defunct character of contemporary morphogenesis common to the

* drier Mullorcan lowlands (Butzir, 1962) docs not apply to the moister,

northern fringo of the mediterrancan lowland elimates. 'This contrast of
modorn forees is onhancoed by the porous, permoable limestono bedrook
of Mulloron, the less pormenble but rathor jointed granito of Catulonin,
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Iixeepting part of the lacustrine clays and silts of the tectonically nctive

Culday aren (Marcwr & Song, 19, p. 51-82), no certain Holoeeno do-
posits ol prehistorie dade havo yeb been vocognized in onst-contrnd Cala-
fonin, A possibility, wnfortunately nob datod, is that of the slluvivm Tound
adjucont to tho coust at the mouths of tho major rieras. ‘Lhis allavium
iv much finer than the low terraco, and coarse bands are unknown.
Rising about 5—6 m above the modern stream beds, these fan-like de-

posits, which disrupt the profile of the low terrace, may be the result of

fine alluviation in response to higher Holocene sea-levels. Comparable
{eatures are known from Mallorea (Burzer, unpublished).

Whether the coastal alluvinm is early Holocene or not is immaterial
to the fact that morphogenesis would normally be insignificant today.
Comparable processes would be next to unrecognizable in the Pleistocene
geomorphic record, so that there is but little chance to identify past
periods with limited chemical and mechanical weathering, and with
temperature and precipitation analogous to that of today. A good part
of the Pleistocene probably qualifies for such conditions, The stratigraphio
units outlined in the previous section are then only representative of
processes deviating from modern patterns. '

Human interference has produced conspicuous features in the land-
seape. The observer may readily note that the modern stream beds fre-
quently expose coarsor materinls than those of the low terrace aud the
coastal alluvial fill. In the largor rieras coarse gravel and cobbles are
common, being derived from short, stecp tributaries adjacent to tho
lower stream courses. If anything, the streams arve aggrading. Larger
rvivers such as the Tordera also exhibit all the symptoms of coarse allu-
viation resulting from accelerated runoff.

Closor investigntion shows that only a amall avea suffors from soil crosion
and disruptod equilibrivin, The lowoer hillsides adjacont to the constal low-
lands and the lowermost stronm coursos have cotluvial mantles not unliko
the Pleistocene colluvia, A dated section at Tossa exposes 2 m of sandy,
gritty brown (7.6 YR 5/4) loam with occasional unstratified detritus over-
lying a Roman latifundium (“Villa Romana”), abandoned 400 A. D. Tho
material was carvied down aslope averaging about 25 %,. Similarly, near the
railroad stop at S’Agar, somo 40060 om of gritty, detrital loam, over boed-
rock inclined at 20—25 %, contains crude red pottery. These features, under
o grassy vegetative mat or woodland, are no longer forming today. Their
oxplanation is relatively simple, Tho lowor slopes of the Costa Brava woro
clenred during the 1st contury A. D. to mako room for olive plantations nnd
vinoyards, A burbarinn raid in 268 A, D. marked tho boginning of coonomio
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deeline for commoreinl farming, and the latifundia were finally abandoned
during the fth century A. D. The Lerraces fell into disuse, and the un-
protected, loose soil was wubjocted to surfaee washing and swepl ol
Auvintion within the lower stream courses Tollowed.

In other words, accolorntod surfuce runofl wnd strenm dischargo under
quite nrtificial conditions in historieal times produced annlogous features to
those of pluvial colluviation and alluviation. Reforestation of* tho Costa
Brava with cork oak and pines, mainly during the last few centuries, has
stopped slope washing in many areas. But gritty loams continue to encroach
laterally on many ploughed ficlds at 5—109%, inclinations, near denuded
bedrock slopes. These man-induced processes are noticcably concentrated
in coastal areas with irregular rainfall and a protracted dry scason, and are
therefore useful for an understanding of Pleistocene morphogenesis.

(40)
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Photo 1. Tossa del Mar. The 60 m platform is conspicuous at tho lighthouse and

on the adjacont promontory, offsot by o well-dofined elift from tho 100 m sholf

oxtonding off to tho right. A 16—10 m torraco is dovolopod on the pron‘nonto'ry in

the foreground and in tho break intorrapting tho 60 m plaiform, while tho offshoro

island (La Isla) is planed off at 12 m. Lowor platforms aro baroly visiblo. A beach-
ridgo joins tho two promontorios.

ICRf e

IR

Pholo 2. Faenals Pro- [
amoptory south of Lioret :
ilusbeating tho jointod, §
fimsnrod churaotor of tho
gronitiobodrock. A3.6m | .. £
platform is appovont in FEYSEEEEL

tho foroground, el ;".,’g,,_.'_.,,'.a Y
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Yhoto 3. Upper Yellow and lower Red Serics at KM. 10 of road Qerone-Llugosters .
(soo toxt doseription). Bod (ii) just above book, bed (vi) ab top. Fine loamy bods (i),

) (iii) and (v) appear conspicuously lighter.

toxt doseription), oxposod ab KM, 26 of tho mmitrowd Uorong-San Koliy,

Pholo 6. Qolluvial scres of detrital character oxponod nony WM 7 of tho roud Tossu-
TLlagostora. Tho bods aro latorally conformablo with tho middle torrace and show
rormanty of @ rolick drawnlehm (B3)-hovizon,
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Photo 6. Channelled collwvial deposit in o slopo rill nony KM 2 of tho road Toasu-Snn
KFoliu do Guixols. Doseription in toxt,




