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ABSTRACT

A guided field-trip througIt tIta basinsof Fortuna, Carrascoy-Murcia,
Lower SeguraandCope.with detailedsections,interpretationof rockbodies
andsedientarymodels.

Key words: Fan deltas,field guide,Neogene,Quaternary,Southeastern
Spain

RESUMEN

Excursión guiada a las cuencasde Fortuna, Carrascoy-Murcia,Bajo
Seguray Cope, con seccionesdetalladas,interpretación de los cuerpos
rocososy modelossedimentarios.

Palabrasclave: fan deltas, Guía de campo, Neógeno,Cuaternario,
surestede España.

INTRODUCTION

Towardsadefinition of fandelta

Holmes(1965)definedafan deltaasan alluvial fan progradingdirectly
into a standing body of water from an adjacent Itighland.

After thediscoveryof hydrocarbonsinsedimentsof assumedfandelta,or
fan delta-relatedorigin, a waveof interestwasraisedasid a relatively large
nurnberof papershayo>beenpublishedaboutthissubject.As it oftenhappens,
tItisgeneratedmucItconfusionabouttIteprecisemeaningof tIte termfandelta.

Nemee& Steel(1988)proposeda revisedterminologywIterea fandelta
is «a coastalpi-ism of sedimesitsdelivered by an alluvial-fan systemand
deposited,mainlyorentirelysubaqueously,attIte interfacebetweentIte active
fan anda standingbody of water.Fan deltasrepresentinteractionbetween
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heavily sediment-ladenalluvial-fan systemsasid marine or lacustrmne
processes».

McPhersoneta!., (1987) used the term fan deltain tIte original Holmes’
(1965)way, introducinganewname(¡‘raid deltas) forgravel-ricbdeltastItat
form whereabraidedfluvial systemprogradesinto astandingbody of water.
Braid deltashaveno necessaryrelationshipwitIt alluvial fasis.

Nemec(1990)revisedtIte existing terminology,focusingon tIte concept
of de!ta. According to Itim, a delta can be definedas a depositbuilt by a
terrestrialfeedersystem,typically alluvial, into or againstabody of standing
water, eitIter a lake or a sea. The result is a localized, often irregular
progradationof the sItoreline controlled directly by the terrestrial feeder
system,with possiblemodification. by basinalprocesses,suchas tIte action
of waves or tides. It does not follow of course,tItat deltasarenecessarily
associatedwith an overalímarineor lacustrineregression;many deltasbave
formed as elementsof retreating shorelines,where tbe episodesof delta
progradationaccompaniedanoveralí, longertermtransgressionof tIte seaor
lake. Moreover,therearedeltasthat are totally subaqueous,lacking (asyet)
the typical subaerialexpressionin the form of a prograding«deltaplain».

Afterdiscussingsorneterminologicalproblems,asidreviewingtIteexisting
and newly suggested classificaíion of alluvial deltas, with empItasis in tIteir
advantagesandweakness,be suggestedthat severalclassificationsschemes
can be used in delta researcItbut in a hierarcItical way: a descriptiveand
relativelydetailedscItemeon tItebasiclevelof field researchandtIte broadest
gesieticsehemeson tbe highestlevelor more generalconsiderations.

In particular,Nemec(1990) suggeststo usealluvial deltas(wbicb can be
divided into: riverdeltas,braidplaindeltas,alluvial-fandeltasand scree-coneor
scree-aprondelta)asidnon alluvial deltas(pyroclasticdeltasandlavadeltas).A
term sucIt asMcPhersona al’s (1987)braid delta shouldnotbeusedbecause
it is misleading, implying tbat we can use terms such as meander delta as well.

Postma(1990) stressestIte depositionalarcItitectureasid facies of river
andfan deltas insteadof the alluvial feedersystemandthe actualmodifyisig
basinal processes.The basis for a universal delta classification should
consider: feedersystem, deptIt ratio, river-moutIt processesand diffusion
processesdueto waves,tidesandgravity. In this way Postma(1990,p. 1’7)
describes12 major prototype deltas.

Do weactuallyknow wbata fan delta is?

It Ls obviousthat sucbadiscussionis not (only) of academicorpersonal
interest; in fact it is motivated by the radically different points of view of
autItorsfacedwitIt tIte taskof developingsedimentarymodelsabletodescribe
andintegratemanyobservationsuponwIticIt sedimentarymodeisof predictive
value (witb Ml kinds of conceptualasid econornicderivariosis)arebuilt.
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Deposits of a variety of sedimesitaryenvironmentssuchas fan deltas,
braidplain deltasand river deltas Itave been describedfrom many places;
Itowever, it Ls not as easyto understand wIticIt are tIte precisemeaningsof
tItese terms and tIte geologicalcriteria usedto define tItem. TIte problem
reacItesalmost unsolvableproportionswIten a distinction of tIteir coastal
parts -wIticIt are supposedto bemost important for defining type and dynamic
beItaviour of the delta- in tIte stratigrapItic record is attempted.

Ihis also providesacItallengeto usbecausewe decidedto visit a senes
offan-de!ta deposlis during afan-de!ta workshop! TItere are diverse answers
to this questionincludingnotmeetingat aH. However,wefeeltItat undertese
circumstancesit is really importantto communicatewith researchersin tIte
field, and to considertogetIterseveralassumedfan-deltadepositswitIt an
opencriterionasidtIte commonwisIt of sItaringalargeexperienceon fan-delta
studies.TItus, tIte real questionsare: can WC do anything to elarify tese
concepts?and Itow can we use alí this experienceto improve our own
researcb,finding somekeys suitablefor future work?

In tIte meantimewe useNemec& Steel’s (1988) conceptof fandelta,
keepingin mmdtItat our goal is notdefendinga term or ideabut looking for
new ideasasiddevelopinga brancIt of sciencethrougItcarefulresearchand
constructivediscussions.TItus,we feeltItat wearehandlinganusefulconcept
as aworking tool subjecttoimprovementsorevenbeingrejectedwhenamore
powerful or adequateoneis available.We hopetItat tItis worksItopasid field
trip will help to promotean advanceof our knowledge.

Geodynamicaspectsof fan-deltadeposits:application to tbe Neogenebetie
hasins

Fan delta facies associationsare likely to record very precisely the
geological eventstItat occurredalong te basin-marginand especiallythe
reciprocal effects of tectonies, climate, sea level cItanges,variations of
auuvial sedimentinputand te marineor lacustrineprocesses.

As fan deltasoccurin awide rangeof tectonieandsedimentarycontexts,
it is assumedtItat tItey casi producea variedmosaicof sedimentaryfacies
wIticIt are still poorly known. More infonnation on these relationsItips is
needed for future palaeogeograpIticalreconstructionsandte Beticbasinscan
provide sucIt a information becausetheir Itigh mobility in recesittimes.

The aim of tItis field guidebook is to Itelp in extendingtIte knowledge
about fandeltasequencesand faciespattemsfrom te compilation of many
dataonfandeltasin severalof tIte LateNeogeneandQuatemarybasinsof te
EasternBetic Cordillera in soutem Spain(Fig. 1). TItesebasinsdisplaya
varietyof featureswIticIt canillustrateseveralcompletelydifferentgeodynamic
pattemsand depositionalbeItaviours.

TIte Late Neogeneasid Quatemarysedimentationin tIte easternBetic
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Cordillera (Fig. 2) took place in a complextectonic asid paleogeograpItic
framework related to tIte Alpine Orogenyof large islands surroundedby
interconnecteddepressions (Montenat, 1977).MostoftIteseislandscorrespond
to present-day mountainous ranges(sierras), but some others disappeared
following tectonic subsidence even in very recenttimes. One of tIteselost
massifs is tIte so called «Segura Massif», tIte one we will Itave tIte cItance to
observe during tIte field work.

The most recent papersdealingwitIt tIte EastemBeticCordilleras(Montenat
eta!., 1987; Ottd’Estevou,1987;Coppiereta!., 1989; Larouziére eta!., 1988;
Sanz de Galdeano, 1990; etc.) point out tItat LateNeogenebasins(Tortonian
to Pliocene,10 M.Y.) of tIte Eastern Betie Ranges are located inside a wide
left-lateral sItearzonetrendingNE-SW. TItis system,mainly inIterited from
previous structural stages,was affected by a submeridiancompression
inducing a sligItt perpendicularextensionresulting from tIte Iberia-Africa
collision. During tIte LateNeogene,tIte stressfield rotatedwith a directionof
regionalsborteningsItifting from NW-SE (Tortonian)toN-S (LateTortonian
to Pliocene)andagainNW-SE (Late Plioceneto Holocene)(Fig. 2).

On tIte otIter hand, the left-lateral sItear zone corresponds to a zone of Itigh
tItermal anomaly,wherediversifiedmagmaticactivity wasconcesitratedand
expressed mostly during te Late Tortonian times. Moreover, tItis lineament
corresponds to an importantlitItospIteric discontinuity

Coeval extensional and compressional deformationtookplaceinsidetItis
wide sItear zone. Thus no basin can be usedas asinglemodelto illustrate tIte
geodynamic behaviour of tIte otIters.

Between Late Pliocene and Early Pleistocene, te cItange in tIte direction
of tIte stress axis shifted towards more dextral directions (Rodríguez Estrella,
1986; Somoza, 1989; Goy eta!., 1989 a) triggered a cItange in tIte cinematics
of tIte fractures originatedduring Neogene times: tIte union of tIte strike slips
of CabodeGata-Palomares¡AlItama(o. c.Baena,Seminario deNeotectónica,
U.C.M., 1979) witIt tIte Vélez Rubio-Alicante lineation (Somoza, 1989; Goy
et al., 1989 a & b) generated tIte large continuous structure of the «Eastern
Beties left lateral shear zone» (Fig. 3).

Reactivation of the N 1500 E faults as dextral faults

TIte geometry,spatialdisposition,andsedimentaryfacies,oftIte Quatemary
marine asid continental deposits deduced from detailed geological mapping
indicate that a more important tectonic activity took place in tIte transition
from Early to Middle Pleistocene, in tIte Almeria and Alicante littorals (Goy
& Zazo, 1986, 1988, 1989). Likewise, tIte construction of isobasemapsfor
tIte quatemary marine deposits, and more especially for tIte TyrrItenian ones
(180 - 95 Ka.) reveals tItat the area witIt greatest uplifting tresid is located in
tIte coastof Almería, tItezoneof Mar Menorconstituteste greatestsubsiding
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Fig. 3.—Locationmapof theareavisitedduringtheworkshopinsidethe«Ieft lateralshearzone»
andmairi tectonicstructuresactiveduring Quateraary(modified afterBoccalettieta!., 1987;
Montenateral., 1987; Goy & Zazo, 1989andSomoza,1989).

Fig. 3—Mapade situacióndel áreavisitadaduranteel recorridode campodentrodel corre-
dor de desgarresinistrorsoy principales estructurastectónicasactivas duranteel Cuater-
nario (modificadode Boccalettieta?., 1987;Montenateral., 1987; Goy y Zazo, 1989 y So-
moza, 1989).

area, asid tIte coast of Alicante presents an uplifting tresid again, altItough of
a lesser intensity than in Almería. The movement rate in tIteseEastemBetic
coasís is of around +0.15 mJKA.(Somoza eta!., 1987; Zazo & Goy, 1989).

Re higIt seismicity produced in historical times (Seismic Intensity X,
Guardamar-TorreviejaArea) is relatedboth to tIte reactivationof ancient
fractures(Estévezet al., 1986), asid witIt tIte wide rangedeformationaxis
(sinform asid antiform).
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FIRST DAY: FAN DELTAS OFTHE FORTUNA BASIN

General

The city of Fortuna is located in tIte centre of asemiariddepression,25km
nortIt of tIte town of Murcia (Fig. 1). A sedimentarybasinwas locatedin this
area(Fig. 2) during LateNeogenetimes,aftertIte lastmainphasesof folding
of tIte Betic Cordillera (Serravallian).

The sedimentary record of tIte Basin comprises rocks of Tortonian,
Messinian and Pliocene ages. Pliocene rocks were deposited only in tIte
soutIternpartof tIte basinin terrestrialenvironments;tItey weresubsequently
eroded during Quaternary times and are poorly represented in tIte basin.

The Late Miocene basin of Fortuna is placed near tIte Mediterranean side
of tIte former NortIt Betic Strait. It is one of the many basins, marginal to tIte
Mediterranean Sea, wItere sedimentation was strongly influenced by tIte
Messi-nian Sa!inity Crisis. Absolute falís of sea level up to 500 mtook place
during tIte crisis.

Most of tIte pItysiographic characteristics of tIte area of Fortuna are a direct
inheritance of the original morpItology of tIte basin during Tortonian and
Messinian times. Its topograpItically-ItigIt margins are sItelvesrelated to
deltaic plains and reefs. Talusesconnectedto tItese platforms are dipping
surfaceswItich canbetracedfor distancesrepresentingdifferencesof heigItt
up to 400 m (Santisteban, 1980).

Messinian deposits crop out in tIte central areaof tIte basin,onlapping
tIteseTortoniantaluses.TItey consistof a 1200metres-thicksuccessionmade
up of sItallow-marine and evaporitic deposits.

TIte Fortuna Basin is controlled by a system of folds and faults directed
NE-SWandfaultsNW-SE,associatedtoalargestrike-slipfault, theCrevillente
Accident (Fig. 3), wIticIt, in deep layers,wascorrelatedto tIte Azoresfault by
Jerez Mir (1979). TIte structures directed NE-SW are responsible of tIte
morpItologic features of tItenortItern side of tIte basin, inducing tIte development
of a series of smallerbasins (El Rellano,La Hoya del Campo,Balonga,La
Umbría, ...). Ihesefolds andfaults developedduring tIte latepItaseof folding
(Serravallian). No major intra-Tortonian or intra-Messinian tectonic
deformatiosisItavebeenrecognized,exceptedsorneplacesalongtIte margins
wItere synsedimentaryunconformitiesweregenerated.

The effects of tectonic compressionare recordedin tIte basinduring the
Pliocesie:(1) diapiricextrusionof píasticUpperTriassicrocks(Keuperfacies
witIt evaporites)along axis of folds; (2) diapirism of Messinianevaporites,
and (3) reactivation of tIte NW-SE fracturesas strike-slip faults.

The tortonianTandeltasof tbe Fortunabasin

TIte largeraccumulationsof coarseclasticsedimentsof tIte FortunaBasin
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are relatedtofan-deltasystems(Fig. 4).TIte only exception is tIte accumulation
of Siena de la Espada(SwordRange)wIticIt correspondsto a fluvial delta.
Almost undisturbedTortonianfandeltadepositsare locatedin tIte nortItern
and southem margins of tIte basin.

TIte aim of tItis exdursion is to visit and study tIte deposits of La Umbría
and El Montaflal systems(Fig. 4) witIt particular empItasis on tIte transition
from sItelf to delta front deposits and colonization by coral reefs.

STOP1- 1: The tortonian fan delta of La Umbría

General

TIte fan-delta deposits of La Umbria are exposedin tIte northeasternside
of tIte basin (Fig. 4). TIte outcropis elongate(7 x 1.3km), witIt a total surface
of about 9 ~2.

Fig. 4.—Geologicalsketchof the FortunaBasin.Tortonianfan-deltasystemsare indicatedin
black. Messinianfan-deltasystemsareindicated by horizontal bars,
Fig. 4.—Esquemageológicode la Cuencade Fortuna.Los sistemasde tasideltastortonienses
estánen negroy losmessiniensesenlíneashorizontales.
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Most of tIte sediments of tItis systemareconglomeratesdepositedat the
nortItem margin of tIte basin, wItich progradedto tIte soutb forming an
accumulation of depositional lobes.

In proximal areas (towards tIte nortIt) theseconglomeratesare in contact
with tIte Betie basement. TIte substratum is made up of altemating limestones
and maristones of the Internal Prebetic domain (tIte northem part of tIte
External Zones of tIte Betics). TIte boundary between tIte conglomeraticunits
asid tIte pre-Neogene substratumis a fault through which plastic Triassic
rocksintrudeddiapirically until tItey reacItedtIte surface.In tIte areascloseto
tIteboundary,conglomeratesarearrangedinageometricpatternofprogressive
usiconformitieswItich witnessasynsedimentarytectonicinstability.

In a distal direction, to the south, La LJmbria conglomerateschange
gradually into sandstoneswhicIt interfinger with tIte basinalmaris of tIte
Basin.

Purpose

To study tIte various facies associations of tIte tan delta of La Umbría
following asectionlongitudinal to tIte wItole systemfrom depositssiextto tIte
coast to turbidites.

Descriptian

Stop 1 - 1 is locatedalongtIte riverbedof Rambladel Chicamo,between
tIte localities of La Umbría asid Barinas. TIte river Itas excavatedadeep gorge
orientedN-S andturus to tIte west near La Umbría,wheregoodexposuresare
seen, along tIte right (north) margin.

There isa good panoramic view of tIte fan-delta deposits from tIte village
of La Umbría. Note tItat alí tItese rocks are gently inclined to tIte east. Around
La Umbríaamegasequence,formedby altematingmarístonesasidsandstones
(base)asidconglomerates(top) Ls observed.TItis panoramaexposesasection
of tIte fan deltain adirectionat right angleto theprogradation.TIte fan delta
grew from tIte far end (north) asid prograded to tIte soutIt, i. e. to the observer.
The deposits visible in tItis outcrop, from tIte observer’s position, are tIte more
distal of tIte system.

TIte basal pafl of tIte sequence consists of alternating marís asid layers of
sandstone and (or) conglomerates lOto 70cm thick. TIte sItarp, erosiosial base
of these beds boses definition laterally.

Moving into tIte gorgeof rambladel Chicamofor about1 kw, tIte gradual
transition from conglomerates into turbiditic layers in tIte direction of tIte
measuredpaleocurrents(i.e., longitudinalto tIte system)Ls observed(Fig. 5).

Conglomerates integrate units up to 5 mtItick, witb large-scale, sigmoidal
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Fig. 5 .—Schematiccross-sectionof theLa Urubriafan delta,alongtheN-S sectionof thegorge
of RambladeChicamo.

Fig. 5.—Corteesquemáticodel fan deltadela Umbría segúnla secciónN-S de la gargantade
la RambladeChicamo.

crossbeddinginclinedtotIte soutIt.In tbisdirectiontIte layersofcosiglomerate
wedgeout andcItangegraduallyinto sandstones(Figs. 6 and ‘7). In tIte zone
oftransition,marísandconglomeratesarearrangedinto sequencesoftItickening
andcoarseningupwardtrend.TIte basallayersof any given sequenceonlap
tItefrontal siopeoftIte underlyingdeposits(Fig.6).EacItsequencerepresents
tIte developmentof a depositionalunit (Fig. 8).

Moving to tIte nortIt, tIte proximal facies are reacIted.TItey consistof
conglomeratesasid, in a lesserproportion,sandstone.TItesedeposits are
organizedinsequesicesbetweesi1 asid7m thick. Conglomeratespredominate
in tIte lower part asid sandstonesat the top. Values of tIte sandstone¡
conglomeraterangebetween1:3 and 1:10.

TIte conglomeratesform tabular-sItapedbodieswitIt internal large-scale
sigmoidalcrossbedding.Many of tIte clastsforming tIte conglomeratesare
boredby Lithophaga andSponge. SornelayersincludeclastswitIt attacIted
bamacles(Balanus) in life position.TIteselayersare indicative of sItallow
marineconditiosisandalsoof Itydrodynamicstability of sedimentation.Every
unit of conglomerateistIte resultof tIte generationandprogradationof a lobe
of tIte fan-deltasystem.

Thesandstonelayeroccursat tIte topof tIte coarsergrainedunits.Internal
structuresincludeItummockycrossstratificationandcrosslaminationbotIt of
wave andclimbing ripples.In our opiniontItesesandstonelayersresultfrom
reworking by waves,of tIte upperparts of tIte conglomeraticlobes(Fig. 8).

Coral bioconstructionsarealso found topping someunits, in a location
similar totIte describedsandstones.Oneof tItesesmallreefsisobservedin tIte
sectionof Ramblade CIticamo (Fig. 9 A). TIte reefwasbuilt by tIte corals

POOGRADATIONAL LOBES
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Fig.6.—La Umbríafandelta.Transitionfrom conglomeratelobesto turbidites.Distal-fandelta
facies.Arrowsindicatetheadaptationof distal lobefaciesto te morphologyofthepreviousbar.

Fig. 6.—Fandeltadela Umbría.Transicióndelóbulosde conglomeradosaturbiditas.Facies
defao deltadistal.Lasflechasindicanlaadaptacióndelasfaciesdelóbulodistala lamorfología
de la barraprevia.

Porites !obatosepta andTarbe!!astrea eggenburgensis. TIte reefwaspartly
eroded after deposition and it was subsequentlycovered by a younger
conglomeratic unit (fan delta lobe). The existenceof these small reefs
indicatesa shallow-marineenvironmentandacertainsedimentarystability.
In somecasesthey allow usto recognizetIte rItytbm of developmentof tIte
systemsof fandeltas.

STOP1 - 2: TbeFan Deltaof El Montañal

General

TIte fandeltaof El Mositafial is tIte largestof tIte Tortonianfan deltasin
tIte FortunaBasin(Fig. 10). It is locatedin tIte soutItemmarginasidcoversan
areaof about25 km2. Santisteban(1981)describedthis systemandpointed
out tIte excellent preservationof most of tIte original pItysiographic
cItaracteristicsandtIte Itorizontal position of tItesedeposits.

Thí~ fnn delta resto upon tIte palaeo-Segura Massif xvllicl- is still partly
surroundedby subaerialfaciesof theTortonianfan-deltadeposits.Therestof
tIte systemis madeup of an accumulationof largeconglomeraticunits witIt
well-preserveddepositional lobes, visible botIt in air photograpItsasid
topographicmaps(numbers1 to 4 in Fig. 10). Reef growth on top of tIte
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AEACH SANOSTONES (cLIMBING & WAVE RPLS~ HCS>

BORED ENCRUSTED PEBBLES

CAOSS STRATIFIED CONGLOMERATES

ng. 8.—Idealizedsequenceof afan-deltalobe in Ramblade Chicamo,

Fig. 8—Secciónidealizadadeun lóbulo defao deltaen laRambladeChicamo.

conglomeraticbodies accentuatestIteir lobate sItape. TIte well-preserved
onginal dips of slopefacies indicatetItat tIte lobeswereraisedabout200m
aboyethe bottomof tIte basin.TIte lowerpartsof tItesedepositsare covered
nowadaysby Messinianevaporiticfacies.

ctnnc ~rnnh cinc
Txvo ~n~p~j w5 J toi.fl..OLI=ALfl.AJ ALA LilLo

delta(Fig. 10).

STO?¡ - 2 - 1: The Quar¡y at Cerro Victor

Purpose

To study tIte threedimensionalstructureof a reefdevelopedon top of a
conglomeraticfan-deltatobe.TIte aim of tIte visit isto sItow tItat tIte analysis
of tIteseorganicdepositscan help to recognizetIte sItape,dimensionsand
dynamicsof tIte systemof depositionallobes.

Description

STOP1 - 2 islocatedin aquarrydug in Cerro(Itilí) Victor, closeto (afew
Itundredmetreseastof) tIte roadfromUrbanizaciónLaAlcaynato Espinardo
andMurcia (Fig. 9B).

Iheoutcropisformedby abodyofcarbonaterockswIticIt filis anirregular
depressionleft betweentwo adjacentfan-delta lobes. TItis measisthat tIte
depressionreflects tIte surface morpbology of tIte underlying reddisb
conglomerates.TIte preservationof sucIt topograpItie featurewas possible
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OB
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<a

Fig. 9.—(9A) La Umbríafandelta.Two superimposedfao-deltalobes.(A) Lowerconglomerate
lobe,(B) beachsandstoneon top of the lower lobo>, (C) partlyerodedcoralreefand(D) upper
conglomeratelobe with large-scalecross stratification. (9 E) FI Montañal fan delta, Cerro
Victor. Reef-talussiopes,adaptedto a groupof fan-deltalobes.

Fig. 9.—(9 A) Fao delta de la Umbría. La fotografíamuestrados lóbulos deposicionales
superpuestos.(A) lóbulodeconglomeradosinferior, (B) depósitosdeareniscasformadasenel
ambientedeplaya,(C) arrecifedecoralparcialmenteerosionadoy (D) lóbulo de conglomerados
superiorenelqueseapreciansuperficiesdeestratificacióncruzadaagranescala.(9 E)Fandelta
deEl Montafial, CerroVictor. Depósitosdetalud arrecifaladaptadosala pendientefrontalde
un conjuntode lóbuloscoalescentesdefan delta.
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A
STQP 3—7-3

Fig. lO.—Morphologyasidfaciesof te-El Mol LO~~L fan ucnnu.ai¡c~Santisteban& Taberrer,i988):
Fig. 10.—Morfologíay faciesdel fandeltadeEl Montafial (segúnSantistebany Tabemer,1988)

tItanks to tIte growtIt of areefon tIte topof tItis part of tIte fandelta,after it
becameinactiveor abandoned.

Pre-reefpaleoslope dips to tIte nortIt, according to tIte general progradation
of tIte fan-delta system. Reef limestone also exItibit a large-scale cross
bedding in tIte same direction indicative of reef progradation (Fig. 11).

Reeflimestonesaredivided into two units: tIte lower one,at tIte baseof
tIte irregular depression,consistsof skeletalcalcareniteswitIt fragmentsof
reeflimestone,mixedwitIt scatteredclastsremovedfrom tIte substratum.It
representstIte reeftalusslope.

TIte upperpartof tIte carbonatesectionis tIte reefcoremadenp of coral
colonies.In tIte frontsector,mostof thesecoloniesareof Porites lobatosepta,
whereasin tIte upper platform tIte dominant specie is Tarbe!lastrea
eggenburgensis(Fig. 11).

TIte coloniesof Porites in tIte frontal part of tIte reefexhibit a marked
morphologicalzosiationresulting from tIte adaptationof thesecoralsto the
availableligItt, nutrients,etc.Similar adaptatiosishavebeendescribedin otIter
LateMiocenereefsof tIte Betics (Esteban& Giner, 1977; Dabrio& Martín,
1978;Dabrio eta!., 1981 and Santisteban,1981).

original fao—delta slope
(delta foreset) ,¿<

,x\ \tV~.
fao-
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Fig. 11 .—Morphologiesof corals Parites lobatoseptaand Tarbellastrea eggenburgo>nsis,
adaptedto the frontal síopeof a lan-deltalobo> in CenoVictor Quarry (after Santisteban&
Tabemer,1988).
Fig. 11.—Morfologíasde los coralesPorites labatosepta y Tarbellastrea eggenburgensis,
adaptadaala pendientefrontal deun lóbulo defan deltaenla canterade CenoVictor (según
Sautistebany Tabemer,1988).

TIte morpItologicdistributionof colonies,andtItecItangeof basicsItapes
of corals(plates—> belísor Iteads—> sticks—> radiateor brancIting—>

irregular,Fig. 11) is assumedto be aresponseto adepositionalsiopein tIte
fan-deltafront on whicIt tIte reefis placed(Fig. 12) (Santisteban& Taberner,
1988).TIte reefplatformconsistsof largepatcItreefsof massiveanddigitate
Tarbellastrea.

Consequently,tIte studyof tItesereefs allows tIte recognitionof sorne
cItaracteristicsof tIte sedimentarysystemstItey are associatedwitIt. In
particular,rnorpItology, dimensionsanddynamicsof fan-deltalobesactingas
substratumarepreservedandrecognized.

STOP1 - 2 - 2: Panoramafrom canterashill

Purpose

Observationof asystemof fan-deltalobeswitIt interlayeredreefgrowtIts.

Description

STOP2 - 2 - 2 is placedin a Itilí called Canteras(IteigItt 200 m), about
400 m nortIt of Victor.
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Fig. 12.—Reconstructionof the reefadaptedto a fan-deltabbc in CerroVictor (El Montañal
fan delta). (After Santisteban& Taberner,1988).

Fig. 12—Reconstruccióndel arrecifeadaptadoaun lóbulo de fandeltaenCerroVictor enel

tando>ItadeEl Montañal(segúnSantistebany Tabo>rno>r,1988).

From tItis hill a systemof interfingering conglomerates(fan-deltalobes)
andreefcarbonatesis seentothenorthwest(Fig. 13) restingupondistalmarís.
Conglomeratefan-deltalobes are recognizedby tIte darkercolour and the
internal large-scalecrossstratification.LigItter carbonatereefdepositscover
tIte former, adapting to tIteir depositionalsiope. TIte reef core is located
betweentwo conglomeratelobes,upontIte frontal slopeof tItefirst.Reef-talus
deposits(calcarenites)form a tabularunit whicIt continuesdistally towards
tIte basininterior, below tIte conglomeraticusiits.

TIte adaptationof a small reefto tIte morpbologyof afan-deltabbc was
studiedin tIte previousstop (1-2-1). In Stop 1-2-2 it is clear that tIte reefs
tItemselvesare also dependantto tIte dynamics of tIte system.Detailed
mapping of reefdepositsallowed tIte recognitionof severalpItasesof tIte
developmentoffandeltas(Fig. 10),tIteirmorphology,directionofprogradation

etc.

SECONODAY: LATE-TORTONIAN FAN DELTAS IN MURCIA-
CARRASCOY

General

The complexof fandeltasof SierradeCarrascoy(Fig. 14) Ls a panof tIte
basin of Murcia whicIt is placed on top of two sinistral strike-slip faults

ReeI - talus deposits
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Fig. 14.----Schematicgeologicalmapof SierradeCarrascoy(Murcia). Legend:(1): Alpujárride
(grey phyllades) asid Ballabona- Cucharón(red mudstones,lixnestonesanddolostones)
Complexes;(2): MaláguideComplex(redmudstonesandquartaites,followedupwardsby dark
grey dolostones)(1 & 2, Betic substratum); (3): Volcanic rocks; (4): conglomeratesand
turbidites (Tortonian1); (5): «Puertodela Cadenaconglomerates»(fan deltas,TortonianlIto
Messiniar,1); (6):basinalmarísandturbidites(«Torremendomarís»)andLaVirgencalcarenites
(Tortonianlito Messinian1); (7): Mio - Pliocenemarísasidconglomerates(8): PIlo -Quatemary
rocks.Encircíed:locationof STOPS2-1, 2-2 and2-3.

Fig. 14—Esquemageológicodelos alrededoresdela SierradeCarrascoy(Murcia). Leyenda:
(1) Materialesdel ComplejoAlpujárride; (2) Materialesdel ComplejoMaláguideambosdel
sustratobético; (3) Rocasvolcánicas; (4) conglomeradosy turbiditas (Tortoniense1); (5)
conglomeradosdel Puertodela Cadena(fao deltas,TortonienseII- Messiniense1); (6) margas
decuencay turbiditas(«MargasdeTorremendo»)y calcarenitasdo> la Virgen (TortonienseII-
Messiniense1); (7) margasy conglomeradosmio-pliocenicos;(8)materialesplio-cuatemarios.
En círculos,localizacióndelasparadas2-1, 2-2 y 2-3.

orientedN40-500E asidN800E, with acomplex,syntectonicinfilí underlined
by masiy unconfonnitiesandnotablewedging outs(Montenat et al., 1985;
Montenateta!., 1987).

One of tIte mostprominentfeaturesis tIte completewedging out of tIte
approximately1200m thick «Tortonian1» (aninformal wayof designingtIte
lower part of the Tortonian depositswitb no precise implication of age)
successionoverlesstItan 10 lan measuredparallelto tIte nortIternedgeof tIte
basin (Montenat,1973).

Weproposea regionalstratigraphicframework for tIte LateMioceneof
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Carrascoy(Fig. 15) wItich reflectstIte complexnatureof tIte synsedimentary
tectonicactivity. TIte activesinistralstrike-slipfaults inducedlargeItorizontal
displacement,butalsotriggeredaprominent,rapidsubsidenceof tIte soutItern
block. Transversefaults orientedN 1500E actedasdextralstrike-slipfaults
asid alsoasnormal faults (Fig. 16) inducinglateral differencesof behaviour
wIticIt are also observedin tIte sedimentarysuccessions.

Tbesefaciesassociationsrecorddepositionon atectonically-activebasin
margin.Differential subsidence(accommodatedalong faults) is responsible
of tIte asymmetry of sedimentarybodies in botIt sides of tIte Siena de
Carrascoy (Montenat, 1973): thin onlapping, proximal, mostly terrestrial
depositsin tIte nortIt and tItick marinesuccessionstowardstIte soutIteast,
whicIt generatedacoastalonlapfollowing arelativeriseof sealevel (Fig. 15).

The TectonicControl (first order megasequenees)

Up to 12 to 14 krn (measuredstratigrapItically)of fandeltadepositswere
depositedalong tIte activemargin of tIte basin.In detail, individual units of
alluvial-fan and fan-delta depositscan be distinguisItedinside tItis Ituge
accumulationof sediments(STOP2 - 2). TItese units sItow sequenceson
vanousscaíeswhicIt are tItougItt torecorddiversecontrolsof sedimentation.
TIte existenceof activewrenchfaults andtIte overalíorganizationof deposits
very mucIt resemblestIte model of basinmargin describedin tIte Devonian
HornelenbasinbySteeleta!., (1984). A similarmecItanismis invokedintItis
paper:the relativemovementof tIte blocksdefining tIte activeborderof tIte
basinforcedtIte pointsof sedimentinput(i.e., tIte apicalzonesof fansnexíto
tIte mountainvalleys, but separatedfrom themby tIte wrencItfault) to move
laterally.TIte lateraloffset of units (mostlydepositsof fandeltasItaving only
radiusesof about4 to 5 km) producedtIte Ituge stratigrapItictItickness(Fig.
16).

Lateral movementsalong tIte fault displacementwill be recordedin tIte
sediments.WeassumetItat tIte lateralmigrationof depocenters(relatedtotIte
displacementof tIte shelftowardstIte nortIteast)generatedvarioustypes of
megasequences.TItoseareasplacedtotIte soutItwestof tIte pointsof sediment
supplyexperiencedamovementto tItenortIteastandprogressivelyapproached
tIte pointsof sedimentsupply.TItis approacItis recordedascoarseningand
tItickeningupwardsmegasequencessucItas tIte onefoundin LaNavetaarea
(Dabrio, 1990). However, fining and tItinning upward megasequences
developedasotIterareasprogressivelymovedawayfrom tIte emittingvalleys
(Fig. 16). Increasedrates of depositionoff these points favoured tIte
progradationof fan delta complexes(including welI-developedsubaerial
facies) tItat were subsequentlydrowned wIten subsidenceprevailedover
depositiononcetItey movedaway of tIte valleys.Sequencesof smallerorder
(briefly describedbelow)arefoundinsidetIte formerevidencingtIte diversity
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Fig. 15.—Lithostratigraphicfraxnework of the Murcia (Carrascoy)basin. Key: (1) Bettc
substratum;(2): conglomerate(sedimentarybreccia)and turbidite (Tortonian-I); (3 to 7):
Tortonian-Il to Messinian-Iunits, (3): marístones,turbidites and megabreccia,(«La Naveta
marístones»);(4): fao delta deposits («Puerto de la Cadenaconglomerate»);(5): shelf
conglomeratesandcalcarenites,lateralequivalentto fao deltadeposits;(6): basinalmarístones
and turbidites («Torremendomarístones»);(7): shallow-marinecalcarenites(«La Virgen
limestones»);(8): UppermostMiocenetoPlioceneterrestrialconglomerates;(9): Mio-Pliocene
marístonesandconglomerates.Horizontalscale:abouttenkm; vertical scale:somehundreds
of metres.SeealsoDabrio& Polo (This vohime)

Fig. 15.—Esquemade unidadeslitoestratigráficasde la Cuencade Murcia-Carrascoy.(1)
sustratobético;(2) conglomeradosy turbiditas(Tortoniense1); (3 a7) unidadesdel Tortoniense
II- Messiniense1,conla siguienteclave:(3) Margas,turbiditasy megabrechasdela Naveta;(4)
conglomeradosdel Puertode la Cadena(fan deltas); (5) conglomeradosy calcarenitasde
plataformaqueson equivalenteslateralesdelas anteriores;(6) margasdecuencay turbiditas
(«Margasde Torremendos>;(7) calcarenitas(Calizas de la Virgen); (8) conglomerados
continentales(MiocenoSuperior-Plioceno);(9) margasy conglomeradosmio-pliocenicos.
Escala:horizontal,alrededordediezkilómetros;vertical,unoscientosdemetros.Véasetambién
Dabrioy Polo (esteva?umen)

of tIte sedimentaryprocessesinvolved asidtIte repeatedlateralmigrationof
subenvironments.

A laterrelativeriseof sealevel resultedin aItemipelagicdrapeof several
of tIte sItallowerwaterunits (Fig. 15).

MorpItologies inIterited from former stagesand differential subsidence
controlled by transversefaults (wIticIt were very active during tIte Late
Miocene,Núñeza a!., 1974) strongly influencedsedimentationduring tItis
displacementof sedimentaryenvironments.TItis interpretationis supported

N W —SE

o
SIERRA DE CARRASCOY

o
SUBSTRATUM

NOT TO SCALE

by tIte progressivecItangeof paleocurrentdirections: in subaerialfasistItey
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Fig. 16—A simplified modelofmarginof basinrelatedto asynsedimentarystrike-slipfault (F)
in Carrascoyrange.Notethat morethanonefaultwasactiveandalsothat thedirectionsofthese
werediverse(at leastN 40 - 500 E and N 800 E). More thanonepoint emitii’g sedimentcould
be active.Below, dynamic interpretationof lithostratigraphicunits distinguishedin figure 15
(numbershayo> the sanie meaning). (FD): successivefan delta lobes having a channelized
subaerialpan(A); (D): debrisflows; (5): prodeltaandslope;(T): turbiditedeposits(including
channels);(FT): transversefaultsgeneratingadditionalsubsidencein varioussonesof thebasin
margin (after Dabrio, 1990).

Fig. 16.—Modelodemargendecuencaligadoaunafalladedesgarresinsedimentaria(F) enla
Sierrade Carrascoy.Téngaseen cuentaque podíahabermás deunafalla activa y quelas
direccionesde éstaserandiversas(porlo menosN500E y N800E). Además,podíahabermás
deun puntoemisordesedimentosactivo.Abajo, enel recuadro,interpretacióndinámicadelas
unidadeslitoestratigráficasdistinguidasenlafigura 15 (los númerostienenelmismosignificado
queenella). (FD) lóbulossucesivosdefao deltaquetienenunapartesubaérea(A) canalizada;
(D) flujos dederrubios(debrisflow); (5) prodeltay talud; (T) turbiditasdelóbulosy canales;
(FI) fallastransversalesqueproducensubsidenciaadicionalenlasdistintaspanesdelmargen
de lacuenca(segúnDabrio, 1990>.

areconsistentlytowardsN l50~I800 E,but they turn progressivelytowards
tIte eastin subaqueousfan deltadeposits(N l20~130oE) andstill more in
turbidites(N ll0-l20~ Einchannel-fill deposits,N3Oto1000 Einoverbank

o

a

a
a
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turbidites). TItis is probablyrelatedto deflectionof currentsby thepositive
reliefs inducedby underlying sedimentarybodies(Fig. 16).

TIte model of displacementof depocentersby strike-slip faults was
proposedby Gloppen& Steel(1981)asidSteel eta!., (1984) to explain tIte
buge stratigraphic thicknesses(more tItan 25 kni) of fan delta, fluvial and
lacustrinesedimentsin tIte DevonianHornelenbasin(Norway).Steel(1988)
documentedtIte difficulty of distinguishing vertical motifs caused by
progradationfrom tItose causedby offset faults.

Sedimentary¡nodelof Fan Deltas

TIteproposedsedimentarymodel(Fig. 17) consistsof abasinmarginwitIt
narrow,slopingshelftItat was connecteddistally to anabmptslope.0ff tIte
mouth of tIte mountainvalleys draining tIte paleoSierrade Carrascoy,fan
deltas developed prograding upon the narrow sbelf asid slope system.
Sedimentaryprocessesin tItesefandeltasconsistedof sbifting, channelized
flows andflash floods, including a componentof mass-transport.Detailed
mappingasid correlation suggesttItat tIte radiusof the coarse-grainedfacies
generatedby tItese fan deltas rangedfrom 4 to 5 km, but the sediment
transportationat times surpassedtItis distance,mostly as sedimesitgravity
flows fedby partial destructionof sItallow water,sItelf andfan-deltaslope
deposits.Well-roundedclastssuggestreworkingofpreviousNeogenedeposits,
evidencingtIte cannibalisticnatureof tIte basin.

Second-OrderMegasequences(decametriesale)

Sequencesof decametricscalearemeasuredin tIte lenticularunitstItat can
bedistinguisItedinsidethoseItundredsofmetrestItick sedimentscitedaboye.
In tIte areaof La NavetatItesesecosid-ordermegasequencessItow coarsening
andtItickening upwards,interpretedas reflecting progradationof tIte delta
front andalluvial fanenvironmentsof individual fan-deltalobes, insidetIte
main complexof fan deltas.Theselobesprogradedor retrograded,adapting
to previouslyformedmorpItologies,probablyin responseto relativesea-level
cItanges(Dabrio, 1990).

Fan abandonmenttook place wIten subsidencedid not compensate
deposition,wIticIt is the casewhenlobesaremovedaway from tIte emitting
valleysdueto continuedactivity of tIte various strike-slip andnormal faults
involved. TItis is well representedin tIte areaof Puertode la Cadena.

Decimetrictometricthird ordersequencesarefoundinsidetIte previously
describedones.TItey areinterpretedin termsofdiversesedimentaryprocesses:
filling of cItannels,rapid depositionon tIte sItelf after floods, settling of
sedimentsafter storms,etc. (seoSTOP 2-3 ).
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Fig. 1 7.—Model of afan-deltabbcin El Puertodela Cadena(STOP2 - 3). Explanationiii the
text. Key: (y): fluvial valley; (FD): fan delta(letterson the subaerialZane); (P): narrowshelf;
(S): prodeltaandsiope;(C): channel;(L): coarsegrainedlobeat theendof asubmarinechannel;
(M): wave-wínnowedgravels;(O): debristlows; (T): turbidites; (CI): turbiditechannels(after
Dabrio, 1990).
Fig. 17.—Modelo de un lóbulo de fan delta en el Puerto de la Cadena(PARADA 2 - 3).
Explicaciónenel texto. Leyenda:(V) valle fluvial; (FD) fao delta; (P)plataformaestrecha;(5)
prodeltay talud, (C) canal; (L) lóbulo do> desembocadurade canalsubmarino; (M) gravas
cernidaspor lasolas; (D) flujosdederrubios(debrisflow); (T) lóbulosturbidíticos;(CT) canales
turbidíticos (segúnDabrio, 1990).

The Late Jurassicdepositsof the Wollaston Forlasid(Greenlasid)have
beeninterpretedas formedon slopesfedby fandeltas,relatedto largenormal
faulis (Surlyk, 1978, 1984). TIte successionts 4km thick audincludesfoiir
fining upwardmegasequences(severalItundredmetrestItick) tItougItt to be
relatedtotectonicactivity. Smaller(secondorder)metricto decametricfining
upwardssequencesareinterpretedas filling andabandonmentof channelsor
surging flows. which werc covered by hemipelagitesafterwards.A close
comparisonof sequencesasidcontrolsof sedimentationin this case-studyand
thatof Carrascoycanbe easilyestablished,althoughtIte tectonicmovements
involved asid4w sedimentaryprocessesinterpretedaresomewhatdifferent.

Tectonically-active edgesof basinsusually result in associationof fan
deltasandsubmarinefans. This is tIte caseof tIte TEocene-Oligocenedeposits
of tIte SantaYnez Mountains(VandeKampeta!., 1974)wheretIte so-called
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episodesB (unstablesiopewitIt deltaprogradation)andD (unstablesiopeasid
fracturationof tIte margin of tIte basin) are similar to those invoked for
Carrascoy.

Some aspectsof tIte model of Carrascoystrongly resemble tItose of
fracturedsiopeaprons(Stow, 1985, 1986)witIt fan deltasbuilding an active
siope wIticb feedssedimentgravity flows.

STOP2- 1: Panoramafrom Sierradel Puerto

Purpose

Panoramieview of tIte Murcia Depression,tIte faults running along its
bordersandtIte Basin of Muía.

Description

STOP 2 - 1 is locatedat tIte top of Siena del Puerto (Fig. 14). UTM
coordinates:661.5; 4196 (Mapa Generalof SpainSerie L, SIteet934). To
reacIt such locality, drive from km 407.1 of N 301 to tIte west ¡ soutbwest
along an usipavedroadfor about3 km ascendingtIte mountainto abeightof
500 m wItere tIte roadopesisto tIte north side of tIte siena.

Lookingnorthwestfrom STOP2- 1, thedepressionof Murciacanbeseen.
At tIte toeof tIte sienatItereis atectoniclimit separatingtIte pre-Neogeneand
Neogenerocks from the Late Pleistocenedepositsinside tIte depression.
BeyondtIte AlcantarillaairfieldattItenortIternmarginaretIte faultsseparating
tIte almostfiat, subsidingdepressionandtIte Itilly landscapecarvedinto tIte
LateNeogeneasidEarlyPleistocenesedimentsof Muía Basin(intItefarend).

STOP2-2: TIte Boundaryof the basinandIower megasequenees

Purpose

Observationof tIte faultedboundarybetweentIte pre-Neogenerooks of
tIte Interna!Zonesof tIte EeticsandtIte LateNeogesieconglomerateswItich
will be studiedin detail in STOP2 - 3.

Generallook at tIte transgressivemegasequencesof tIte conglomeratie
alluvial fanandfandeltadeposits(Puerto de la Cadena conglomerate).

Description

STOPS2 - 2 and2 - 3 arelocatedalongtIte sameunpavedroadbuton tIte
way backto N 301.STOP2 -2 is locatedsomeItundredsof metressoutIteast
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of the former. TItere is aposition from wIticIt a valley opensto tIte nortIteast
asidtIte prominent,isolate,flat-toppedCabezodel Puertowith tIte ruinsof tIte
castleis visible.

From tItis point aclose-up,andapanoramieview of tIte limil is possible.
Pre-NeogenerocksaremadeofpItylladesandwell-stratifiedcarbonaterocks
(mostly dolostones)along witb some igneous rocks. TIte Late Neogene
depositsarerepresentedby tIte “PuertodelaCadenaconglomerate”.NotetItat
tItere are abundantclastsof igneousrocks in tIte conglomerateswIticIt are
derived from rocks similar to tItose wbicIt form the substratumin tIte
immediatevicinity of tIte fault asseenin tIte roadcut.

We continuewalking along the road and a sectionof two tenestrialto
marinesequencesof conglomeratesareobserved.Pay also attention te tIte
ntcepanoramasof tItesesequences,exposedin tIte neigItbouringbilis in botb
sidesof tIte road.

TIte passagefrom tIte alluvial part of tItesemegasequencesto tIte manne
depositsis gradualandit is indicatedby acItangeincolourwIticIt tumsyellow
asid tIte occurrenceof marinefossils (Ostreids asid Pectiniás).

A close up of one of tItese layerscropping out in tIte road allows us to
observeextensivedeformationof tIte intemal structure(Fig. 18).

STOP2 - 3: Fan-Delta front and siopefacies

Purpose

Studyof tIte transitionfrom alluvial fanto deltafront anddeltaslopefacies
in tIte sectionof Puerto(passthroughmountains)dela Cadena(Fig. 1%.

Description

STOP2-3 (Fig. 20) is placedin tIte soutIternsideof Puertodela Cadena,
very near (west) km 403.3 (road N 301), betweenCasaMotor (pumping
house)by tIte unpavedroadusedto reacIt tIte former STOPS,and a farm
crowninga little Itilí (adjacentto tIte unpavedroadandseparatingit from N
301).TIte upperpartsof tIte sectionarebestvisitedmoving aroundtIte little
Itilí asid soutItof it (Fig 21).

TIte fining andtItinning megasequencesconsistof tItreeunits (not always
easyto distinguisIt) separatedby sbarpverticalcItanges(Fig. 19). TIte lower
unit is channel-filí dominatedconglomerate(C-1) witIt scatteredremainsof
marinefossils. In the middle unit, alternationsof fossiliferouscalcarenites
(roughly describedas 5-1 and5-3) andunconfinedconglomerate(C-2) are
tboughtto recordtIte activefandeltafront, witIt incisedcItannelsandpoorly-
developedsublittoraldepositswIticIt may be tIte result of rapid deposition.
TIte upperunitconsistsof tabularto gentlywedge-shapedlayersofcalcarenites
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of roadN 301 (Murcia-Cartagena)in thecentralpartof the Carrascoymountains.A detailof
prodeltaandslopefaciesis included.Note scatteredboulders(B) in sandydeposits.

Fig. l9.—Serieestratigráficadelos ConglomeradosdelPuertodelaCadenacercadelkilómetro
407.100de la carreteraNacional301 (Murcia-Cartagena)en la partecentralde la Sierrade
Carrascoy. Se incluye un detalledelasfaciesdeprodeltay talud conbloquesaisladoscaldos
(E) en los sedimentosarenosos.

andconglomeratewitIt variousvertical structures(C-2, C-3 andC-4). They
correspondto littoral andsublittoraldepositson tIte subsiding,transgressed
fan deltabbc (Fig. 19).

Fanabandomnenttookplacewhensubsidencedidnotcompensatedeposition,
wIticIt is tIte casewIten lobesare movedaway from tIte emitting valleys.

Facies Arsociation

Dabrio & Polo’s (1988) informal terminology may Itelp to simplify
descriptiosis.

C-1: conglomeraticcItannel-filís,marinefauna.Submarinechannelsand
gullies.
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Fig. 20.—Panoramaof rhetopmostpart(transitionalfromterrestrialto marine)ofafan-deltalobo>
megasequenceat STOP2-3 (westof Puertodela Cadena).Key: (1): conglomerateswith thin
layersoffossilifeorusyellowishcalcarenites(partlyC- 1);(2): channel-shapedbodyofconglornerate
with channel-filí cross bedding: channelwith marine influence, in te fan-deltafront; (3):
yellowish sandstoneto calcarenites(S-l); (4): largechannel-shapedbody of conglomerato>with
channel-filícrossbedding(backset?,lateralaccretion??);(5):sandstonesandconglomerates(5-
3 audS-l), passingupwardsinto parallel-laminated,fine-grained,micaceoussandstones(S-2)
(seo> text for meaningof letters).Comparewith Dabiio& Polo (this volumep. SS)

Fig. 20—Panoramade la zona de superior (transición de continental a marino) de una
megasecuenciade lóbulo de fan delta en la PARADA 1 (oeste de El Puertode la Cadena).
Lo>yenda:(1):conglomeradosconnivelesfinosdecalcarenitasfosilíferasamarillentas(parcialmente
C-l); (2): cuerpocanalizadodeconglomeradoscon estratificacióncruzadaderellenodecanal:
canalconinfluenciamarinaen el frentedeltaico;(3): calcarenitasa areniscasamarillentas(S-l);
(4): grancuerpodeconglomeradosde morfologíacanalizaday estratificacióncruzadadegran
escaladerellenodecanal(backset?acreciónlateral??);(5): areniscasy conglomerados(S-3and
3-1),quepasanhaciaarribaaareniscasmicáceasconlaminaciónparalela(3-2). El significado
de las siglasseindicaenel texto.Compáresecon Dabrioy Polo (estevalumenpág.SS).
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02: eonglomeraticlayen with marine fauna. (a) Wave-producedlag
depositsafterfan-derivedgravels;(b)reworkingofsItallowmarine(sItoreface)
sediments.

C-3: Parallel-stratifled,clast-supportedconglomerates,imbricatedclasts,
marinefauna.Coastalto sublittoral deposits.

C-4: Unstratified,matrix-supportedconglomerates.Subaqueousdebris-
flow deposits.

S-1: Parallel-stratified,coarsesandstonesto fine pebbleconglomerates,
marine fauna. Reworking of fan-derived sedimentsby waves and (of)
currentsin sItallow-marineandsItoreface¡ foresItorezonesof fan deltas.

5-2: Parallel-laminated,fine-grained.micaceoussandstonesto siltstones.
Suspensionalsettlingof fines on sItallow-marisiefan-deltafront and slope,
nearor below fair-weatIterwave-base.

S-3: Parallel-laminated,cross-beddedand wave-ripplecross-laminated
sandstonesto micaceoussiltstones.Lower foresItoreto transitionzonesof
sItallow-marinefan deltas.

M: M: Massive,red sandymudstone,scatteredclasts.Settling of fines
afterflooding.

SeveralsedimentaryfaciesItavebeendistinguisIted.
Alluvial fan (subaerialfan delta), subaqueousfan delta (botIt proximal

and distal) and distal talus-siope and basinal facies Itave been
recognized. Subaerial fan delta facies are very similar to tItose of
previously-describedalluvial fans. Proximal subaqueousfan delta facies
includecItannelizedconglomerates(C-l), disorganizedconglomerate(C-2,
C-3, C-4) andlaminatedsandstones(S-1).Distal subaqueousfandeltafacies
are marked by yellowish sandstoneand siltstones (5-1 to 5-2) witIt
interbeddedconglomerate(01 andC-4)layers.Distaltalus-slopeandbasinal
faciesincludeItemipelagicIigItt-greysilty maristonesanddecanietriesequences
of turbidites. A morecompletedescriptionis given in Dabrio & Polo (this
volunze).

THIRD DAY: PLEISTOCENEFAN DELTAS Di THE LOWER SEGURA

RIVER

General

TIte ElcheBasin-LowerSeguraHasin is locatedin tIte eastemendof tIte
BetieCordilleraattIte nortIternendof tIte«left latera!sItearzone»definedby

Montenateta!. (1987).
Geomorphologicaland sedimentologicalanalysisof tIte areashow that

tIte presentconfigurationof tItis coastalsegmentin intimately relatedto te
neotectonicactivity of tIte fina! tractof tIte «left lateral sItearzone»alongte
Quatemary(Coy el a!.. 1989 a).
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During LatePliocene(Fig. 22) tIte seaoccupieda largeareaextendingto
te toeof tIte Siena(range)deCrevillente,SeguraMassif,SienadeCanascoy
andSienadeCartagenareliefsevidencedby yellow, fossilifeoruscalcarenites
depositedin tIte sItallow marinesbelfwhicIt openedtowardsthe southeast.
Lower Pleistoceneuplift of tIte previouslycited reliefstriggeredawidespread
regressionandtIte shorelinecameto restmucIt closerto tIte presentposition.
Barrier islandandlagoonalmarinefacies(Fig. 23) forming tIte so-called«El
Moncayo- El Molar TransitionalUnit» (Somoza,1989;Goy eta!., 1989 a)
witnesstItis marine-tenestriallimit alongSienadelMolar,SienadelMoncayo,
Rojales,Puerto de San Pedro,etc. ProgradationtowardstIte soutIteastis
visible in this Unit.

TIte uplift of tIte sunoundingreliefsfavouredte depositionof alluvial fans
as well. Distal faciesof tesealluvial fansoverly tIte «El Moncayo-ElMolar
TransitionalUnit»in tIte areaof ElMoncayo,ElMolarandSienadeColumbares.

A reactivationof tIte final (eastern)tractof tIte <deft lateralshearzone»
during Lower-Middíe Pleistoceneoccuned due to tIte welding of tIte
Palomeras-AlbamaandVélez Rubio faults togetIterwitIt movementsalong
the Nl 2O-l3O~ E fault systems. As a consequence a sudden
palaeogeographicalcItange took place acrosstIte wbole areawith cItange
of litItologies and directionof progradationof marineunits.

In this time, tIte Lower SeguraBasinwasgeneratedin a zoneof strong
subsidence(Fig. 22, 23 asid 24). TIte SeguraRiver brought up quartzitic,
Betic-derived,sedimentsfrom tIte west to tIte new basinwhicIt formed fan
deltas,knownastIte «SeguraConglomerates»(Coy el a!., 1989It). In Rojales
asid La Zeneta outcrops only tIte most coastal facies of tIte «Segura
Conglomerates»can be observedforming fossil beacheswIticIt prograded
towardstIte nortIt andeast.

The generationof tIte ElcIte andtIte Lower SeguraBasisis is responsible
for tIte separationof tIteproximal andtItedistalfaciesof tIte olderalluvial fans
(Coy & Zazo, 1989).

Fig. 21.—(A) Closeup of figure 20 with samemeaningof numbers;note largescalecross
bedding(U) with pino> treesfor scale.(B) gradualtransition fromconglomeratesto sandstones
in a position equivalent to 4 but to the eastof the unpavedroad. (C) lenticularlamination,
probablyrelatedto waveripples,a few metesto the eastof thepreviouspicture.(D) Typical
normal-graded,yellowish sandstonesoverlaying Puerto de la CadenaConglornerate.(L)
parallel lamination;(R) burrowing;(E)erosionalbaseof sequence;(K) coarsesandstoneto fine
gravel.Ruleris 15 cm long. Comparewith Polo& Dabrio (this volume).

Fig. 21.—(A) detallede la figura 20 con el mismo significadode los númeos;obsérvesela
estratificacióncruzada(U) con lospinos comoescala. (B) trásitogradualdeconglomeradosa
arenasen unaposiciónequivalentea 4 (ver figura 21) peroal estedel carril. (C) laminación
lenticularrelacionadaprobablementeconripplesdeoscilación,unosmetrosal estedelaanterior.
(D) secuenciagranodecrecientetípicaenlas areniscasamarillassobrelos Conglomeradosdel
Puedode la Cadena.(L) laminaciónparalela;(R)bioturbación;(E) baseerosivadela secuencia;
(K) areniscagruesaa gravafina. La reglamide 15 cm. Compáresecon Dabrio y Polo (este
volumen).
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MLddLe Pleistoceno

Fig. 22.—Schematicpaleogeographicalevolutionof theElche,Lower SeguraandMar Menor
BasinsduringLatePlioceneto Middle Pleistocene(after Coy et al., 1990).
Fig. 22.—Fvoluciónpaleogeográficaesquemáticade lascuencasdeElche,Bajo Seguray Mar
Menorduranteel PliocenoSuperioral PleistocenoMedio (segúnCoy eta!., 1990).
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L. EARLY-MIDDLE PLEISTOCENE
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Fig. 24—Evolutionof marineaudterrestrialsedimentaryfaciesin thetectonicframeworkof the
Elche- LowerSeguraBasinduring FarlyPleistoceneandEarly-MiddlePleistoceno>(afterGoy
eta1., 1990).
Fig. 24.—Evoluciónde lasfaciessedimentariasmarinasy continentalesenel marcotectónico
de la CuencadeElche-Bajo Seguraduranteel PleistocenoInferior y eí PleistocenoInferior-
Medio (segúnGoy et al., 1990).

TItis anangementof facies canbeenvisagedas a long, butnanow (3 to
6 km wide), trough limited by faults from tIte positive topograpIticreliefs.
Two major rivers, tIte Seguraflowing from tIte north and tIte Guadalentín
from tIte west,joined at tIte westernextremity asidsuppliedsedimentto tIte
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basin. At tIte otIter end (east) of tItis corridor-like basin, openedtIte
Mediterraneansea.

Secondaryaccumulationsof sediments,generatedby lateralinputs(normal
to tIte edge of tIte basin) favoured by alluvial streamswItich followed
trasisverse(NW-SE) faults.Illustratiosisof tItis arethecasesof LaZenetaand
Jacarilladeltas(Fig. 25).

The large, mostly-longitudinal input of sediment was faced witIt a
veryrestrictedcapacityof tIte marinedynamicagentstoredistributeor rework
thecontinuosly-growingaccumulationof sediments.Both factorscoupledto
produceahugeprismof sedimentswItich rapidly filled tIte more-tItan-SO-km-
long basin.

TItus, tIte «SeguraConglomerates»are fan-deltadeposits(Goy et a!.,
1989)which filled adeepbasin(moretItan 200ni of tItis unitItavebeendrilled
in placesnearby,Gauyau,1977)witIt developmentof fandeltasandbeaches,
similar to thoseof Rojales,along tIte edges.

DEL

Fig. 25.—Idealdiagrammaticblockto showthegeometricrelationshipsof units in dic Lower
SeguraBasinareaandthesedimentaryfilling of thebasin.Notethat theblockhasbeendivided
hito two partsalongthenorthemfault limiting te basin.Thenamesof somelocalitieshavebeen
incorporatedto facilitatearapidcomprehension.No precisescalesinvolvedbuttheareapictured
is about50km long and 15km wide.

Fig. 25.—Bloquediagramaideal queilustra las relacionesgeométricasdelas unidadesde la
CuencadelBajoSeguray el rellenosedimentariodela cuenca.Sehadividido el bloqueendos
partessegúnlafallaquelimita la cuencaporel norte.Sehanincorporadolosnombresde algunas
localidadespar facilitar la comprensión.No hayescalasdefinidasperoel árearecogidaen la
figura abarcaunos 50 kni de longitud por15 de anchura.
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STOP3 - 1 A: The Seguraconglomeratesat La Zeneta

Parpase

Observationof tIte faciesof tIte PleistoceneSeguraConglomeratesat one
of the more internal (westem)outcropspreserved.

Description

TIte studiedsectionisoneof theoutcropsof tIte «SeguraConglomerates»,
placedmoreto tIte westempartof tIte basin(Fig. 3). TIte sectionis locatedin
a group of quarries,200 m to tIte nortIt of a filling stationbuilt on Km 2.5 of
tIte roadArneva-El Mojón.

STOP3- 1 A is thealmostverticalfaceof aquany(Figs.26,27,28A and
28 B), a few metres to tIte east of tIte unpavedroad going to a electric
transfonnatorandinto tItehuerta(inigatedlandwitIt orangeandlemontrees).

A mostprominent featureof depositsof SeguraConglomeratesin tbis
outcropis te steepinclinationof layers fo thenortb, which is relatedfo very
activesubsidencein recenttimes along tIte faults limiting tIte Lower Segura
Basin.

Theserocksexbibitmostof tIte cItaracteristiesof tIteSeguraConglomerate
(Fig. 27 & 28). A very importantfeatureis tIte massiveoccurrenceof clasts
of quartsandquartzite,in additionto tIte morecommonclastsof dolostones
andmetamorpIticrocks,suppliedby tIte (adjacent)sierraswIteretheserocks
of tIte InternalZonesof tIte Betics cropout, andtItasederivedfrom erosion
of tIte Neogenerocks(fossiliferouslimestones,calcarenitesasidsandstones).

TIterearealsoconglomeraticlayerswitIt amarkedyellowcolouration(cf.
metres5 to 8) wItich alsois consistentlyrelatedto tItis unit (Fig. 27A& 28 A).

GrainsizescItangeabruptlyalongtIte section.ConglomerateswitIt sandy
matrix (matrix is mediumto coarsesand), sandstonesand mudstonesare
present.It is very unusualto find layerswitIt well roundedclastswitIt sizes
of about2 to 3 cm(mediandiametre),but therearecoarserclasts(pebblesand
boulders).TIteselargersized clastsoccur botIt at tIte baseandto tIte top of
certainlayers.Coarse-taildirect andinversegranoselection(coarseningand
fining upwardssequence)areobservedin severallayers.At leastone¡ayer
exItibits botIt types (cf. metre 17).

In tIte uppermostpart (Fig. 27B & 28 B), cItannelswith steepwalls are
filied up with fine sands.Parallel laminationasid small slumpsare visible.
Note root Itorizonsbelow conglomeraticlayers(metre42).

AIí tIteseconglomerateslay uponareddisItunit of clayswith interlayered
cItannel-shapedunits of sandstoneand conglomerates.TItesematerialsare
poorly visible in tIte upperquarryto tIte southof figure26, butthey arebetter
exposedin tIte soutIternsideof te residualpiecesof hill betweentwo quarries
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Fig. 26.—Panoramaof STO?3- 1 A with theSeguraConglomeratesexposedin aquarrybehind
the lemon treeswhichpartlyblockthe view of thelower part.Notetwo olive treesstandingto
te right for approximatescale.Samelettersasin figures27 and28. Top of the sectiontothe
north (left of the observer).
Fig.26.—Panorámicadela PARADA 3- 1 A enunacanteradetrásdeloslimonerosquebloquean
parcialmentela visióndela partebajadel corte.Hay dosolivos aladerechaquesirvendeescala
aproximada.

locatedto tIte otItersideof tIteunpavedroad(about300m west).TItereis also
agood exposure(not visited during tIte worksItop)in a quanyat tIte eastem
entranceto tIte village of La Zeneta(4 km to tIte SSW).

In the closerquanies,visible from STOP3 - 1 A, large-scalecItannel-filí
cross-beddingdirectedNW-SE is observedas well as bars witIt foresets
dippingto te east.Tberearemanyclastssuppliedfrom erosionof Miocene
rocks(calcareoussandstones,limestosies,...). Many clastsexhibit imprintsof
sobationtmderpressure.

STOP3 - 1 B: Observationsin tbeway to Rojales(Hurehillo section)

On tIte wayto Rojaleswetravel acrossHurcItillo wheredetailedsections
of tIte SeguraConglomeratecanbemeasuredin tIte roadcuteastof tIte village
alongtheroadBigastro-HurcItillo(Fig. 29),asidalsoin aquanyplacedat km
1 on the sameroad.TItesesectionsare similar to tIte one studiedin STOP3

a,
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- 1 A andarenotconsideredin detailfor Iogisticreasonsduring tIte worksItop.
TIteSeguraConglomeratesareverticalaud,even,overturnedto tIte north

in tIte roadcutof Hurchillo (Figs. 27 C and29, wItere topis to tIte left of tIte
observer).This indicatesaprominentsubsidencealongtIte faults limiting tIte
Lower SeguraBasin.

TIte 40 m-tItick exposedsectiondisplaysfluvio-lacustrine depositswitIt
successiveincísedcItannelsfilled up withgravelandsands.Mostpaleocunents
point tonortheastaudsoutIteastbutwefoundalmostoppositemeasurements,
probably relatedto ItigIt variability of channelorientations.

STOP 3 - 2: TIte Seguraconglomeratesat Rojales

Purpose

Observationof tIte palaeogeographicalandlithological change,produced
during the Early Pleistocenein tIte ElcIte Basin, by the generationof tIte
Lower SeguraBasinasanresult of tIte tectonieactivity of tIte final (eastem)
partof the sinistralAlItama fault.

Description

Severalunconformableunits canbe distinguisbedin tIte outcropvisible
just southof thevillageof Rojales(Fig. 30 & 31).FaultsystemsrunningN50’
E, N120’-1300EasidE-W cut tIte rocksof tIte section.

In ascendingorder, tIte measuredsection (Fig. 31) consistsof several
descriptiveintervals:

Interval (a) is madeup of fine to mediumyellow sandswitIt lumachellic
layersof OstreidsandPectinids.Sedimentaryinterpretationsuggestswave-

dominatedshallow marine to sublittoral environments.TIte ageof tItese

Fig. 27.—(A) ThequarryatSTOP3- 1 A. Sarnelettersasin figures26 asid28 (T: top). (E)Upper
panofthe sectionin STOP3 - 1 A,just to the left ofthe formerphotograph.Noteerosionalbase
(E) ofchannelcuttingconglonierates(Q)andsands(F) filled with finesediments(H) witli small
slumps.Conglomerates(U) coveringbothdeposits.Encircíedrulerfor scaleis 15 cm long. (C)
Upper half of sectionin Hurchillo; Q: conglomerates;E: sandsasid silts; T: top. Encircíed
hammerfo,scaleis 30 cm long. (D) Southeasternsideof te hill in Rojales(STOP 3 - 2) and
the SeguraConglomerate(5). Notewedgingout of te upperunit d (V) of figure 31.
Fig. 27.—(A) La canteradela PARADA3 - 1 A conla mismasletrasqueenlasfiguras26 y 28
(T: techo). (B) Partesuperiordela secciónde la PARADA 3 - 1 A, justo ala izquierdade la
fotografíaanterior.Obsérveselasuperficieerosiva(E) deun canalquecortaconglomerados(Q)

y arenas(F), rellenodesedimentosfinos (¡-1) conpequeñosdesplomes.Unacapadeconglomerado
(U) cubreambosdepósitos.La regla(círculo) mide 15 cm. (C) Mitad superiordel cortede
Hurchillo; Q: conglomerados;F: arenasy limos; T: techo.El martillo del circulomide 30 cm.
(D) Laderasurestedelacolinade Rojales(PARADA 3 -2) y el Conglomeradodel(s).La parte
superiorde la Unidaddela figura 31 seacuñalateralmente(y).
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~max: 10—15 cm

yel]ow sands

~med: 10—15 cíe
0níed 5—8 mm
0med: 5-8 cm

0n¡ed :3— 7mw

ti UV1ú-] de OS trine

latera)? bar

Fig. 28.—Stratigraphicsectionof theSeguraConglomeratesat STOP3 - 1 A. (A, left): section
depictedin figure27 A. (B, right):Theupperpartofthesectionlii thenorthemsideof thequany.
Letters Y (yellow), F (fhies) andR (reddish) are insertedalso in figures26 asid 27 A for
correlation.

Fig. 28.—(A, a la izquierda)Columnaestratigráficade los Conglomeradosdel Seguraen la
PARADA 3 - 1 A queapareceenla figura 27 A. (3, a la derecha)partesuperiordela sucesión
en el extremonortede la cantera.Las letrasY (amarillo), F (finos) y R (rojizo) son las que
aparecentambiénen la figuras26 y 27 paracomparación.

depositsis LatePliocene,althougbmicropaleontologicalprecisiondoesnot
go beyondtIte G!oborota!ia crassaformnis biozone.

Interval (b): variegateclays interpreted as lagoon sediments,resting

<me tres)

45

40

35 conti nued froíe STOP 3—1

unconformablyon topof tIte former.



372 C.]. Dabria, C. Zazo, .J. L. Cay, C. de Santisteban,T. Bardají & L. Somoza

=11,
Kf

Fe oxide

ÑU

Cf

-.1<..
>1<

rl>.

—

st
CU

½

— NL

— re ox ide

It Lexone]

ve] loe~ zeo:I; LOGO’;

rl—>.

vol lo: ande fonos

vel low fine eaondnl.Onn&

channel-ftll croes beddinq
lorge—soale croen bedulinq

lonle—ecale croes beddinc

ul:ned 4]; cvi

Fg. 29.—STOP3 - 1 B: Sectionin the curveof theroadflurchillo-Bigastro,nearkm 1.

Fig. 29—PARADA3- ¡ B: sucesióndel taluddelacarreterade HurchilloaHigastroen la curva
cercanaal kilómetro 1.

.31]

ji 5

3D

25

20

15

NL

&



N
eogeneand

Q
u

a
te

rn
a

ryfa
n

-d
e

ltadepositsin
sautheastern...

373

‘o
-u

o>U
’

e
~

u
-uO

)
-&

e
•

Le
Ce>

C
-

O
S

0)
CO

e4
O‘o

ee~
-u

e
‘~o>

O
S

0)
O.)

~
n

C
O

~

Oeo
O

Él)
.-

U
’

ue‘o
U

’
U)

o
-o

O
U

’
U

’
O0)

0O
.

E

e
eO

.)
~o

oQ
N

O
o

ooeoo>
S

t
-
~

.~
o

n
~

‘O
c

0
)U

’
u

-~O
—

L
e

0
.-0

k
<

te

8
5

e
n

O
S

<‘2
e

a
-4>

r

UnLa)~
2

4o

o

E



374 C.]. Dabrio, C. Zazo,]. L. Coy, C. deSantisteban,T. Bardají & L. Somoza

Fig. 31 —Sectionof Rojales.SequenceofPlio-Pleistocenemarineandterrestrialdeposits(after
Goy et al., 1990).
Fig. 31 —ColumnadeRojales.Secuenciadedepósitosmarinosycontinentalesplio-pleistocénicos
(segúnCoy etal., 1990).
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Interval (c): it is a complex unit mostly composedof wItite calcarenite
(Fig.

TIte lower calcareniticlayer (visible in tIte outcropalong a line of caves
conespondingto meters21 to 28 inHg. 31) Itasbeeninterpretedasdeposited
in abeacItprogradingto tIte SE(NíSO’ E)toppedby vegetatedaeoliandunes.
TIteItydromorpItic natureof tIte root layerssuggesttItat tItis beacItwasa pasA
of abarrier islandwIticIt closeda lagoonplacedto tIte nortIt.

TItis layeris followed by 70 to 90 cm of bunowed,yellowisIt fine sands
witIt marinefossils(gastropods).It representsaminorpositiveoscillationof
tIte relativesealevel.

TIte topoftIte unit is anewwell-sortedcalcareniticlayerwitIt large-scale
trougbcross-bedding.TIte topis stronglyburrowed.We Itave identified tbis
unit as (aeolian)dunes.

Intervals b and c are includedlis tIte so-calledEl Moncayo-El Molar
transitionUnit (UnidaddetransiciónEl Moncayo-ElMolar)depositedduring
Early Pleistocene.

Interval (d): restsuponanerosionalsurface.It ismadeup of wItite-greyisIt
calcareniteswitIt large-scalecross-bedding.Note tItat tIte lowermost3 to 4
metersarepartly coveredandtIte interna! structureis not alwaysobvious.

WItite silts witIt greypatcItes,interpretedas lagoonsediments,lay upon
the former.

TIte topmostpartof Unit d is a 2.5 to 3 meterstItick layerof calcarenites
witIt iarge-scalecross-bedding(Fig. 27D). Synsedimentarysliding towards
tIte NE andpaleocunentsdirectedN 200 E arevisibleat tIte far northeastern
esidof theoutcrop.TItis unit is tItougIttto representtIte progradationof aback
barrierenvironmentinto a lagoonplacedto tIte nortIt. However,somedoubts
remain.

We tItink that these featuresmay representan indication of tIte first
subsidingtrendof tIte lower Seguraarea,precursorof te generationof tIte
Lower SeguraBasin.

Interval(e):tIte «SeguraConglomerates»layunconformableuponInterval
d. TItese conglomeratesare composedof wedge-sItapedyellow, locally
reddisIt,conglomeratesandsandstones.TIte internalstructureof tIteselayers
displaysa progressiveunconformity.

TIte litItology of tIte conglomeratesmarksamajarcItangein composition:
tItesearesiliciclastic rockswitIt plentyof quartzandquartziteclasts.It sItould
benotedtItat suchclastsareindicativeof asourcearealocatedin tIte Internal
Zone of tIte Betics whicIt strongly differs from te dominantly carbonate
litItology of te underlyingunits.

TIte internal stmctureof tIteseconglomerates(Fig. 328) is planarand
trougIt crossbeddinggeneratedin a rapidly subsidingsItallow-marineshelf
asid tIte adjacent conglomeraticbeacItes(Fig. 32C). Small-scaleslumps
visible in tIte soutIteasternside of tIte Itilí asid largescaleslumpsearsvisible
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in tIte back wall of the cemetery(Fig.32D), evidenceinstability associated
witIt subsidenceto tIte nortIt in tItetransitionfrom tIte nanowsItelf totIte talus
slope.

Regionaltransportof conglomerateswasfrom westto eastasdemonstrated
by crossbeddingin tItat direction.

FOURTHDAY: PLEISTOCENEFAN DELTAS Di TI-lE BASIN OFCOPE

General

TIte basinof Copeis locatedinsidetIte «AguilasArc» alsoassociatedto
tIte left-lateral sItearzoneof tIte EasternBetic Cordilleras(Fig. 3).Two large
sItearzonesN 200 E, sinistral(PalomaresandTenerosfaults) andN 1000 E,
dextral (Las Moreras fault) controlled tIte deformationof tIte Aguilas Arc
witbin a compressivestressfield whicIt tensoraxis oscillatedbetweenNW-
SE asid N-S (Coppiereta!., 1989).

TIte CopeBasin,placedin tIte «seaside»zoneof tIte Arc wasfilled with
sItallowmarinedepositsuntil LatePliocene(asdemonstratedby tIteoccunence
of Sirombus coronatus). TIte transgressionof tIte Pliocesie sea on tIte
previouslyemergedandupliftedAguilas structurecannotberelatedto simple
eustaticcItanges.It resultsfrom animportantbreakingdown of tIte margin.
SucItverticalmovementsare evidencedby seismicprofilescaniedout in tIte
offsItore nearAguilas (Coppiereta!., 1989).

TIte tectonicinstability of tItis areaduringQuaternaryis manifestedin tIte
dis-tributionof themarineandtenestriallayersin Cope(Fig. 33) asdiscussed
below.

TIte basementof tIte basinandtIte adjacentmountainranges(sienas)is
made up of metamorphicand metasedimentaryrocks of tIte Alpujarride

Fig. 32.—(A) Sequenceof calcareniticbeachin Rojales(intervalc in figure31);ruler (15cm
long) separatingforeshore(up) y shoreface(down) facies. (B) laniinatedsandstones(L) asid
cross-beddedcoarsesandstone(X) with regressiveripples(R) hi the protrudinglayerfoflowing
(upward)y in figure 27 D (intervale). (C) Vertical faciesassociationsof conglomeraticbeach
in the upperpartof the SeguraConglomerate(intervale). Bouldersaccumulatebothin the lower
(1’: plungestep)asidhigher(Y: berm)partsof tbeforeshore(E). (D) slumpscar(5 asidarrows)
separatingtheSeguraConglomerate(Q) fromtheequivalentfinefacies(F) depositedin te local
steepslope.
Fig. 32.—(A) Perfil deplayacalcareníticaenRojales(intervaloc dela figura 31); la regla(15
cm)separala faciesde foreshore(arriba)y shoreface(abajo).(E) arenaslaminadas(L) y arenas
gruesasconestratificacióncruzada(X) y ripplesregresivos(R) enci nivel siguienteal V de la
figura 27D (intervaloe). (C)perfil deplayaconglomeráticaenla partealtadelosConglomerados
delSegura(intervaloe). Los bloquesseacumulanenlapartebaja(P: escalón)y alta(Y: berma)
del foreshore(F). (D) cicatriz de desplome(S y flechas)separandolos Conglomeradosdel
Segura(Q) de las faciesfinas(F) equivalenteslateralesdepositadasenel talud local.
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Fig. 33.—Morpho-súructuralschemeof Quaternarydepositsin CheCoperegionwith indication
of STOPS4- 1 and4-2.(1): phylladesanddolostones(InternalZonesof Betic Cordillera);(2):
Pliocenefossiliferoussandsandmarís; (3): Pleistocenefan-deltadeposits(progradingwedges
of conglorneratesandsands);(4), (5), (6), (9): alluvial fans; (7): oolitic andsiliciclastie aeolian
dunes;(8): fine-grainedlagoondeposits;(lO): abandonedriver-beds.(E) faults(5: Siscalfault;
C: Cantalfault; AG: Aguilas fault; GA: Galerafault; 01: Ginésfafflt); (— —): assumedfault;

- - -): supposednormalfault; ( ): ajeticlineaxis(afterBardajíeta!., 1986andGoy
eta!., 1989 a).

Fig. 33—Mapamorfoestructuralde la CuencadeCopecon indicacióndelasparadas4 - 1 y 4
-2. Leyenda:(1) rocasmetamórficasde laszonasinternasbéticas;(2)arenasy margasarenosas
fosilíferas;(3)Fandeltaspleistocériicos(cuñasprogradantesdeconglomeradosy areniscas);(4,
5, 6 y 9) depósitosde abanicosaluviales; (7) dunas eólicassiliciclásticasy oolíticas; (8)
depósitosdegranofino delageon;(lO) canalesabandonados;(E) fallas (5: ñlla del Siscal;C:
falla dcl Cantal;AG: failadeAguilas;GA: fallade laGalera;CI: falla deGinés); (——): falla
supuesta;--- -- ): falla supuestanormal; ( ): ejeanticlinal (modificadodeBardají
eta!., 1986 y Goy etal., 1989 a)
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Complex of tIte Intemal Zonesof the Betic Cordillera: Paleozoicgrapbitic
micaschists,quartzitesand maTbies,Permo-Triassicphyiladesand Upper
Triassic dolostones.Erosionof thesesourcerockssuppliedsedimesitsto fan
deltas wIticIt partly infilled the shallow-marinebasin.

Sedimentationoccurredin a complexrealmdueto tIte coincidenceof: (a)
activetectonicsalong faultsdirectedN600E wItich markedtIte boundariesof
the basincreatingtIte siopenecessaryfor the fasis to develop,andalso faults
directedN 1200 E, whicIt did notcauseastrong subsidencebut determined
both tIte lateral extensionof and morpItology of the bodies and tIte flow
directiosisof tItedistributax-ycbannelsof fasis(Fig. 34); (b) successivecustatie
sea-levelcItanges,wIticIt deterrninedtIte differentialsubaerialexposure,with
the consequentdifferent sedimentarybehaviours, and (c) tIte various
sedimentaryprocessesacíing both in tIte tan deltasasid tIte neighbouring
envíronments,wItich produceddiversesedimentaryfacies and sequences.

Mutual interferenceresultedin tIte depositionof progradingofflapping
sequences,whicItItavebeenreferredtoas«sequencesofmarineandtenestrial
levels»or «marineterraces»(Goy eta!., 1986 a).

In tbis area,nine of thesemarineQuaternaryepisodesinterlayeredwitIt
terrestrial deposits, have buen distinguisbed (Figs. 34 & 35), resting
unconformablyuponthe Early to Middle Pliocenecalcarenutes.According
to regional field data, we consider tItat episodes1, II and III as Early
Pleistoceneand episodesIV, V asid VI as Middle Pleistocene.TItree
youngermarineepisodes(VII, VIII asidIX) bearingStrcmbusbubonius (i.
e. Tyrrhenian in the senseof Issel, 1914) occur encasedinto tIte former
ones.An approachto tIte ageof theselevelscanbemadeby comparingthem
with oneof the mos completesequencesof TynItenianepisodesfound in
tIte SpanishMediterranean,in Almería where tIte isotopicmeasurements
carriedout(Zazoeta!., 1984;Hillaire-Marcel eta!., 1986)Itavegivenmean
agesof 180 KA. (Tyrrhenian 1), 128 KA. (TynItenian 11) and 95 KA.
(Tynhenian III).

Sedimentaryunits filí amore or lessrItomboidal patternof uplifted and
downtItrown fault blocks. Thoseblocks experiencingpositive subsidence
were infil led by tandelta sediments,whereasr-aised blocks did not coilect
inuch fan deltasediments(exceptfor tIte redmudstonefacies).Continuous,
gradualuplifting during Pleistoceneresultedin a gentie relative falí of sea
level whicb generatedanofflapping sequenceof successiveunitsof tandelta
deposits,intenuptedby eustaticsea-levelcItanges.Subsidencewasnot very
prominent as demonstratedby tIte geometryof tIte resulting sedimentary
units.

TIte purposeof tItis excursionis to showthebasicsedimentaryfeaturesof
thesefandeltadepositsas relatedto the controlsof sedimentation.Attention
is also paidto tIte comparisonof tIte gravelly, coastaldepositsof fandeltas
with tIte sequencesdescribedas coarse-grained,linear coasts.
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Fig. 34.—(A): Morpho-geologicalschemeof the marineandterrestrialepisodesin Copeand
locationof STOP4- 1. (B): Syntheticalsectionof themarineandterrestriallayersin tbe Cope
Basin (afterGoy eral., 1989 a).

Fig. 34.—(A) Mapamorfo-geológicodela CuencadeCopeconindicacióndela parada4- 1.
(E) secciónidealizadadelassecuenciasmarinasy continentales(modificadodeGoyeral., 1989
a).
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Controlsof Sedinientation

Tectonics(fault movements)

Long term,gentlesubsidencea!ongN 600-directedfaults occurredun tIte
Basinof Copeduring tIte Neogene.TItefractureswerereactivatedasdextra!
strike-slip faults during the Quatemarydue to compressionorientedN 1500
E, triggering two secondarysystemsof fractures:N 1200E asid N 30~40oE
in tIte basin interior (Fig.33). TItesetwo systemsform a square-likepattem
wItere differential subsidencetook placeduringsedimentationof fandeltas.
TItus, orientationandgeometryof tIte fandeltabodieswerecontrolledby tIte
directiosisof tIte activefaults.

Uplifting anddowning of blocks along tIte systemN 1200 E cItaracterize
areasof differential subsidence.As downedblocks werepreferableusedby
floods, they pre-determinedbotli flow directions and potential areas of
accumulationof fandeltasediments.TItus, tIte systemN 1200E controistIte
preferentialdirection of tIte feedingchanneisandalso tIte elongationof tIte
sedimentarybodies (Fig. 34). Raisedblocks were mainly out of reacIt of
coarsesedimentsduring floods and most deposition tItere consistof red
mudstone.TIte systemN 30~40oE (at rigItt anglesto tIte former) determined
tIte orientationandtIte relativeplaceof PleistoceneandHolocenesItorelines,
fixing a limit to tIte subaerialpart of tIte fandeltas; in addition, tItese faults
uplifted tIte block closerto tIte coast(just wItere tIte fan deltasoccur now a
days) (Coy eta!., 1989 a).

Faultdirectionsformeda squarepattemof fault-boundedblocks.TItose
blocksexperiencingpositivesubsidencewereinfilled by fandeltasediments,
whereasraisedblocksdid notcollectmuchfandeltasediments(exceptfor tIte
red mudstonefacies).

AnotIter factorinvolved in tIte sedimentationof Pleistocenesequences,is
tIte rateof uplifting/subsidenceat tIte margin of tIte basin. It was(andstill it
is) mostly influencedby tilting along tIte fault systemdirectedN 30~40o E

(parallel to tIte sborelines)wIticb actedas tilting une in responseto the
compressionalstress.TIte continuous,gradualuplifting during Pleistocene
resultedin arelativefalí of sealevel wIticIt generatedanofflapping sequence
of successiveunits of fan delta deposits(Figs. 34 & 35). TIte altimetric
position of tIte tyrrItenian episodes,tIte distribution of lagoonsand recent
alluvial fansdemonstratetIte existenceof a coastaltilting towardstIte 5W
from la GaleraFault (Fig. 33).

SubsidencewasnotveryprominentduringPleistocene,altItoughte positive
relief of tIte mountainswas pronounced.This conclusionis supportedby tIte
geometryof tIte resultingsedimentaryunits: tbey are thin wedgeswbichsiope
gently towardte sea,showingofflap. witb atendencyto toplap.In ouropinion,
strongsubsidencegeneratestItick accumulationsof sedisnents.A continuous,
gradual uplift would result in a long-term,relative fail of sealevel ableto
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Fig. 35.—Developmentof an offlapping sequenceof coastalandterrestrialunits causedby
relativechangesof sealevel in theCopeBasin(modifiedafterBardají et al., 1987andCoy et
al., 1989 a).

Fig. 35.—Desarrollodesecuenciasimbricadas(offlap) deunidadesmarinasy continentalesa
causadecambiosrelativosdelnivel delmaren laCuencadeCope(modificadodeBardajíeral.,
1987 y Coyeta1, 1989 a).

generatea singlesequenceof offlappingdeposits.However,the occurrenceof
erosionalsurfacesseparatingsuccessivemarineandten-estrialdepositswitnesses
tIte superimposedsItorter-termeustaticchangesof sealevel (Fig. 35).

TItis factisinteresting,becauseit canbeusedasacriterionofdifferentiation
betweentIte effects of eustaticand tectonically-influencedcItangesof sea
level. In general.tItere is a clear relationsItip betweentectonics and tIte
generationof tIte Quaternarymarinelayers.WItenuplifting is cositinuousasid
gentle,sealevel cItangesare recordedasseparateribbonsof coastaldeposits
somemetresapartfrom eachotIterandat different IteigItts. WitIt reducedor
no subsidence,succesgivesea-levelcItangesgeneratesequencesof stacked
marineIayersseparatedby erosionalsurfaces.

SURSTRATUM
OLENE DEPÚSlIS>
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Fustatie chan ges of sea leve!

Pleistocenesea-levelchangesgeneratedasuccessionofpItasesofItigItstand
asid lowstand in Cope Basin, whicIt involved shifting of tIte coastline and
developmesitof an offlapping sequenceof imbricate terrestrialandmarine
deposits.

Weassumetbatduring ItigItstandsmostoftIte coarsesedimentsof tIte fan
deltasremainednexttotIte binterlandasidtIte arealextentof tIte subaerialfans
wasvery restricted.UndertIteseconditiosisbeacIteson tIte peripheryof tIte
fandeltasactivelyprogradeddueto tIte bigIt input of sediment.However,tIte
preservedtoplapandclinoformsindicatetItatsealevelwasstableor somewbat
falling for any given unit (Fig. 35). In our opinion Uds is duemore to tIte
existenceof Itigherrelief rathertItan to uplift of tIte surroundingmountainsor
activesubsidenceof tItebasin.TItesefeaturesresemblepresentday processes
asidallow usto differentiatebetweentIteeffectsof subsidence(orogenic)and
eustaticsea-levelcItanges.

During lowstandsa largepartof tItebasinat tIte marginsandfan deltasis
exposed.WeatIteringof tIte exposeddepositsoccursbecausemostof tIte new
input concentratesinto telescopicfans, fedby deeplyincisedchanneis(Fig.
36), asiddepositedat tIte toeof tItefansformedduring ItigItstands.TIte typical
deposit in exposedareasis massive red mudstone.Virtually no coarse
sedimentaccumulatedoutsidetIte activeincisedtobes.No exposuresof tIte
lowstanddeltafronts areexposedtoday.

Dynamics of fan deltas

WeassumetItat tIte dynamicaudclimatic conditionsof LatePleistocene
timeswereessentiallytIte sameto tItat presentlyfoundin soutIteasternSpain.
TItis is supportedby theremarkableparallelismobservedin tIte sedimentary
successionsdepositedin coastalenvironmentsof both ages(Dabrio et a!.,
1984;Bardají eta!., 1986;Goy eta!., 1986;Zazo eta!., 1989).

TIte dynamicregimeof tIte presentdayfandeltasin soutIteastemSpainis
controlledby episodic,butcatastrophic,dischargeswbich canseflooding of
tIte fans. TItis ItappensbecausetIte ramblas (local name for wadi-like
ephemeralstreamssubjectedto episodicflasIt floods)areunabletokeeppace
witIt tIte Ituge volumes of water and sedimentinvolved in tIte Iteavy raisis
generatedby tIte seasonalchange of tIte atmospIteric circulation in tIte
MediterraneanSea.Maximal precipitation occurs in spring (April) and,
aboyealí, in autuifin (M.O.P.U.,1976): recordsof up to 300mmof ram inone
day are quite commonin October,witIt a probableperiodicity of ten years.
Thoseepisodesof ram, very often of catastropIticnature,imply very large
inputsof sedimentto tIte fan delta.TItey arefoilowed by ratherlongperiods
of inactivity when longer term,but more continuous,coastaland sItallow
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Hg. 36.—Sedirnentaryprocessesanddevelopmentof fan-deltaunits in responseto relative
changesof sealevel in CopeBasin(afterGoy et al., 1989 a).

Fig. 36.—Procesossedimentariosy desarrollode unidadesde fan delta en respuestaa los
cambiosdenivel del marenla CuencadeCope(segúnGoy et aL, 1989 a).

marinereworking takesplaceaccumulatingsedimentin beacItesandbarrier
islands(Fig. 37).

TItus, tIte coarsesedimentsof tIte fandeltasasidramblasfeed tIte coastal
zone and tIte resulting beacIt deposit exItibits a large-sealeprograding
geometryandaverticalsequenceof faciesin responseto tIte coastaldynamics
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Fig. 37.—Successionof eventsrelated to the episodicactivity of fan deltas. Episodic, but
catastrophic,dischargescauseflooding andrapid progradation.They arefollowed by long
periodsof inactivity when morecontinuouscoastalaudshallowmarinereworkingaccumulate
sedimentja beachesariel harrier islands.
Hg. 37—Sucesiónde acontecimientosligadosal funcionamientoepisódicode los fan deltas.
Lasdescargas,esporádicasperocatastróficas,produceninundacióny rápidaprogradaciónque
vanseguidasde largosperiodosde inactividadduranteloscualeslosprocesoscosterosy marinos
someros,quesonmáscontinuos,retrabajanelsedimentoacumulándoloenplayaseislasbarrera.
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(Dabrio eta!., 1985). In tIte tidelesssoutbeasternliítoral of Spain tIte major
controlsof coastalsedimentationare:(a) exposureto theprevailingwindsasid
storms; (b) tIte availability asid size of sediment;and (c) recent regional
tectonics, i. e. movementsof fault blocks (Dabrio eta!., 1984).

Themostcharacteristicexposedfaciesof tItePleistocenefandeltasof tIte
CopeHasinare tIte coastaldepositswhich are virtually identicalto thosefed
by riversor by longslioredrift, butnot directly relatedto fandeltas.They are
comparableto shelteredasid accretionalbeaches(as describedby Bryant,
1983 and Short & Wright, 1983).

These featuresare closely comparableto othersfound in tIte western
Mediterraneanarea. TItis is tIte caseof tIte Pleistocenebarrier islands of
Tunisia (1-tergíaregion. Mahmoudi et al., 1987) asid tIte Messinian and
Pleistoceneprograding sequencesof gravelly beachesin southem ltaly
(Massari& Parea,1988).

STOP4 - 1: CasadeRenco

Purpose

Observationof tIte Pleistocenefan-deltasequencein RamblaElenaat
Casade Renco(+23 m.)

Tectoniccontrol asidsealevel changesduring tIte Quatemary,responsible
of the geometryasid sedimentaryfaciesof tIte Fan Deltas

Description

Along tIte eastemmargin of tIte Rambla de Elena, eight offlapping
Pjeistocenefan-deltaunitsrestunconformab]yupontIte ye]Jowfossiliferous
sandsdatedas Early to Middle Pliocene.

STOP4-1 is locatedbelow a ruinedItousecalledGasade Renco(Fig. 38).
Subaerialfacies(reddishsubaerialalluvial fandeposits)andsubaqueousmarine
facies.Subenvironmentsare clearly distinguishableinsideEpisodeIV.

‘merefollows abriefaccountof tIte mostremarkablefeaturesof thesefacies.

Marine fan deltadeposits(coastalandsublittoral Itighstanddeposits)

Beachdepositsconsistmostlyofconglomer-ate,sandstonesasidmudstones
that form coarsening-upwardssequences,similar to tItose describedby
Dabrio eta!. (1984,1985). In ascendingorder, tIte mostcompletecomprise
(Fig. 39):

(1) A lower unit of parallel-laminatedandwave-ripplecross-laminated
micaceoussandstones,commonlyburrowed,representingtIte lowershoreface
andtransition zones.
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Fig. 38.—EarlyandMiddie Pleistocenesequenceof marineandterrestnalepisodesin Casade
Renco(Renco’shouse),STOP 4 - 1. REY: (1): marineepisode;(2): terrestrialdeposit; (3):
Pliocenecalcarenites;(III): Early Pleistocene;IV to VI.- Middie Pleistocenedeposits(afterCoy
et al., 1989).
Fig. 38.—Secuenciadeepisodiosmarinosy continentalesdel PleistocenoInferior y Medio en
la CasadeRenco,PARADA 4 - 1.Leyenda:(1): episodiomarino;(2): depositascontinentales;
(3): calcarenitaspliocénicas;(111): PleistocenoInferior; IV a VI.- Depósitosdel Pleistoceno
Medio (segúnCoy eta!., 1989).

(2) A middle unit of troughcross-beddedsandsasidgravelscoaesponding
to shorefacezoneunderwave action. TItese two units are poorly, or not,
exposedin Casade Renco

(3) An accumulationof tIte coarsestgrainsizesobservedon tIte coastline,
decreasingupwardsup to well sortedfine gravels.‘mesearedepositsof tIte
lower pafl of theforesItore(Miller & Ziegler, 1958,Dabrio eta!., 1985). In
low energycoaststhebreakerzoneis cItaracterizedby a stepattIte baseof tIte
swasbzone(Clifton eta!., 1911;Daviseta!., 1972)wbicIt probablymarkstIte
transitionbetweenupperandlower flow regime(Tanner,1968)ofbackswash
(Clifton, 1969). It is interestingto note that tIte breakerzoneindicatesvery
precisely tIte meansealevel during depositionin presenttidelesscoasts.In
fossil examplestIte step is preservedmostly in two waysdependingon tIte
predominantgrain size(Fig. 40):

(a) in gravellybeaches(left, Fig. 40) it is markedby an accumulationof
tIte coarsestgrarn sizesavailable;

(b) in sandybeaches(right, Fig.40) it is markedby achangefrom parallel
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Fig. 39.—(A) Typical beachprofile for Mediterraneangravelly coasts. (E) Composite
sequenceof faciesgeneratedby progradationof gravelly beaches.Key: B: berrn; R: ridgeand
runnelsystem;L: parallellamination; 5: ephemeral,secondaryberms;E: erosionalsurfaces;P:
plunge stepat te baseof the foreshore;C: corsepebblesandboulders(P & C: indicatete
breakerszone);F: fining upwardsequences;T: transitionzone (Modified afterDabrioet al.,
1985).
Fig. 39,—(A) Perfil típico de lasplayasdegravamediterráneas.(E) Secuenciacompuestade
faciesgeneradapor la progradacióndeplayasdegravas.Leyenda:B: berma;R: sistemasde
crestay surco;L: laminaciónparalela;5: bermasefímeras,secundarias;E: superficieserosivas;
P: escalónenla basedela zonadebatidadeloleaje;C: cantosgruesos(P y C: indican la zona
derompientes);F: secuenciasgranodecrecientes;T: zonadetransiciónal offshore(modificado
de Dabrio etal., 1985)
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Fig. 40.—Twotypesof arrangementsof faciesin the progradinglower foreshore.Planarcross
beddingis generatedby migrationof the plungestep(ps) towardsthe seain sandybeaches.
Accumulationsof coarsegrainsises(andalsosornecrossbedding)occursin gravellybeaches.
Notealso highervaluesof dip slopesin coarsegrainedbeaches

Fig.40—Dostiposdeorganizacióndefaciesenel foreshoreinferiorprogradante.Enlasplayas
arenosaslamigraciónhaciaelmardelescalón(ps)generaestratificacióncruzadaplanar.Enlas
playasdegravaseproducenacumulacionesdetamañosgruesosy tambiénalgunaestratificción
cruzada.Obsérvesetambiénquelazonadebatidadeloleaje(y lascapasresultantes)buzanmás
en lasplayasde granogrueso.
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lamination (tIte common depositsof tIte swasIt zone in tIte foresItore) to
tabularcrossbedding(Dabrio et al., 1985;Somozaet a!., 1987).

(4) An upper interval of well sorted,parallel-laminatedgravel, gently
inclined towardstIte sea,representingte upperpan of tIte foresItore and
berm.

‘me coastaldepositsare tIte mostcItaracteristiefacies of tIte exposed
Pleistocenefandeltasof CopeHasin(Fig. 41).‘mesegravellycoastaldeposits
areidenticalto tItose fedby rivers or by longsItoredrift notdirectly relatedto
fan deltas.

Subaerialfacies(lowstanddeposits)

Low water stagesare markedby erosionalsurfacescutting througIt tIte
upper panof te progradingsequenceasid clinoforms.

Alluvial fan depositsare typical depositsof periodsof sea-levelfalí.
ReddisItor grey imbricateconglomeratesandmassiveredsandymudstone
witIt somescatteredclastsandno visible internalstructureare found.

STOP4 -2: Rambla del Garrobillo

Purpose

Observationof alluvial fan (terrestrial)depositsandte interlayeringof
marineandterrestrialdeposits.TItis isaccomplisbedbyvisiting two exposures
alongte erosionalwalls of tIte rambla(wadi-likeepItemeralriver) wIticIt are
informally calledSTOP4-2-1 andSTOP4-2-2.

STOP4 -2-1

It is locatedin tIte soutItemwall of tIte river cut, about 1.5 kilometresto
tIte eastof tIteplacewIteretIteroadfrom Calabardinato MazarréncrossestIte
rambla(Figs. 42, 43, 44). TIte outcropis easily found becauseit is tIte only
ItigIt escarpment,andoutcrop, along tbis lower tract of tIte river.

Description

Red siliciclastic sedimentsform tIte wall of tIte river cut (Fig 42). They
correspondir extensivesubaerialfan deltadeposits(alluvial fan), forming
bajadasalong tIte fault boundingtIte Sienade Almenara.

TIte mostabundantfacies arereddishconglomerateswitIt fiat, rounded
pebbles.TItesetexturalpropertiesare relatedto tIte stronglyscItistoserocks
forming tIte adjacentmonsitairis.TIte higIt contentof micain tIte scbistsmay
Itave influencedtIte rIteology of tIte massesof removeddetritus.WeatItering
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of iron-ricIt minerals,including pItyllosilicates,in sourceareasis thoughtto
causethecommonredcolourof depositsaltItoughtIte influenceof diagenetic
processescannot be discarded.

Briefly, tIte most interestingfeaturesof tItesefacies are:

Channelizedconglorneratefacies

They occur as bodiesof conglomerateswitIt irregular, erosional lower
botrndaries.TIte tIticknessof layers is variable but common valuesrange
between0.5 asid 2 ni The mostprominentinternal sedimentarystructureis
crude horizontal stratification. lrnbricated fiat pebblesare common (1, Fig.
42). Imbricationpointsroughly to tIte sea(east)accordingwith thepaleoflow.

Wc interprettItis faciesaschannelfilí depositshavingirregularshapebotb
in tIte assumedlongitudinal asid trasisversesections.Layerstend to be more
continuousiií axial directiosis (moreor lessE-W).

Local crossbeddingassociatcdto scourswas interpretedas channel-fill
crossbedding.RamIarge-scaleplanarcrossbeddingfound in someoutcrops
miglil be relatedto bars.Measuredpaleoflowdirectionspoint (asit would be
expected)roughlyawayfrom tIte hinterlasid.Poorerorganizationasidsomewhat
coarsergrain sizesare recordedin moreproximal arcas.

Disorganizedconglomeratefacies(O)

TItis facies occurs especialty closer to tIte hinterlasid as massesof
disoi-ganized,matrix-supported.conglomerates,withangular,irregular-shaped
clasts. Median thieknessare about 1 to 3 metres.Wc haveinterpretedit as
debris flows.

Sandstonefacies

They occur as layers of mediumto coarse-grained,litharenitic (derived

from metamorphicrocks) sandstones.In proximal arcasof tIte fans they

Fig. 41.—EarlyandMiddle Pleistocenedepositsin Casade Renco.STOP4- 1. (A) Marine
(coastalconglomerates,5) and terrestrial (carbonatecrust,C) depositsaboye Pliocene(Pe)
calcarenites;the boy is 125cmhigh. (B) Closeup of two successivebeacbunits separatedby
anerosionalsurtace(E) in Casade Renco:the river cut is about4 m high. (C) sequenceof
conglomeratiebeachwith boulders(plungestep,P) andinclined-laminatedgravel (foreshore,E): Iheencircíedhammeris 30cmlong. (D) Closenp of beachsequencewith samemeaningof
letters,plus N: inclinadlarninatedcoarsesands(middle foreshore):hammeris 30 cm long.

Fig. 41—Secuenciade depósitosdel PleistocenoInferior y Medio en la Casade Renco,
PARADA 4 - 1. (A) Depósitosmarinos(conglomeradoslitorales,5) y continentales(costra
carbonatada.C) sobre las calcarenitaspliocénicas;el chico mide 125 cm. (B) Detalle de dos
unidadessucesivasde playa separadaspor una superficieerosiva(E) en Casade Renco;el
margendel rio mide unos 4 m de altura. (C) sequenciadeplaya conglomeráticacon bloques
(escalón,P) y gravasconlaminacióninclinada(foreshore,F); el martillo delcírculomide 30cm.
(U) Detallede unasecuenciade playaconglomeráticaconlasmismasletrasy, además,N: arenas
gruesascon laminacióninclinada(foreshoremedi<,). FI martillo mide 30 cm.



392 ‘2. J. Dabrio, C. Zazo, J. L. Cay, C. deSantisteban,T. Bardají& L. Somoza

½ESE ,. -, . - WNYJ

o ~<4 ~u 1?

”

o ‘j~ o

I~A/&~.
—~ D - .

O — — —.- . —‘e...—. ~ - — . - O-— ¡ ——- s~,-oo t
%—~ — — o- E, ~D .——

I~r~________— •~ ~ <ti
15 n across A



NeogeneandQuaternaryfan-deltadepositsin sautheastern... 393

usually form inegular,discontinuouslayerswhicIt occur deeply incisedby
erosion prior to tbe overlying conglomerates.‘meselayers becomemore
continuoustoward tbe distal parts. They are interpreted as cItannel filí
deposits.

Redmudstonefacies(M)

Massive,redsandymudstonewitIt somescatteredclastsarecItaracteristie
of tIte dista!alluvial-fandeposits.TItey areinterpretedastIte resultof settling
of fines after flooding. Any original bedding or intemal lamination Itas
presumablybeendestroyedby pedogenieactivity.

FaciesrelationsItips

TIte aboyefaciesoccurinterbedded(Fig. 43 A andB). TIte cItannelized
conglomeratefaciesaccountsfor mostof tIte volumeof sediments.It maybe
followed upwardscitber by sandy or, more frequently, by red mudstone
facies.Massesof disorganizedconglomerates(debrisflow) ofmetricvertical
sealemaybefound interbeddedwith cItannelfilí depositsneartIte Itinterland.
TIte amountandcontinuity of tIte finer grainedfaciesincreasetowardmore
distal parts.‘me redmudstonefacies is often tIte oniy representativeof the
subaerialfan deltafaciesin tIte mostdistal realms.

‘me associationoffaciesandmorphologyof sedimentarybodies(still well
observedir> air pItotograpIts)canbe interpretedasalluvial fandepositswitIt
evidencefor sItifting, braidedcItannels,mostly filled witIt coarseto sandy
sediments,aud a large extensionof flood plain wItere finer, burrowed,
mudstoneswere deposited.

STOP4-2-2

It is locatedin the Iower reacItesof tIte rambla, about 50 m before it
deboucItesinto tIte sea,nextto a fig tree.It isa continuationto tbeeastof tbe
formerexposure.TItereis amarineepisodeinterbeddedbetweentwo terrestrial

Fig. 42.—(A): generalview of therambladeGarrobilloriverwalt. Fromright to left, transition
from conglomerate-dominated(mostly in white with largerclastspictured) to altemating
conglomeratemiel sandstone(dotted)facies.(B): closeupof thealternatingfaciestakenashort
distanceto tte left of A and(C) derail of Ihe superirnposedimbricateconglonierate(1) miel

rootled(R) sandymudstonefacies(M); (O) is adisorganizedconglomerate.Seais (miel was)to
te left (east).Ruleris 15 cm long.

Hg. 42.—.-{A): vista generaldelescarpeerosivo de la rambladel Garrobillo. De derechaa
izquierda,transicióndesdefaciesdominantementeconglomeráticas(enblanco,puássólo sehan
dibujado los clastosmayores)a alternanciasde conglomeradosy areniscas(punteado).(B)
detalledelafaciesdealternanciastomadasapocadistanciahaciata izquierdadeA. (C),detalle
delasfaciesde conglomeradosimbricadosy lutitasarenosas(M) conbioturbaciónderaices(R)
quesesuperponenaellas. (D) esun conglomeradodesorganizado.El marestá(y estaba)hacia
la izquierda(este).Lareglamide 15 cm.
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alluvial-fan cbanneldeposits,visible in tIte erosional escarpmentof the
southernmargin (Pigs. 43 C andD, Fig. 44).

Description

As noted aboyetIte most distinctive featuresof tIte beacIt depositsare
gvain size (gravel or coarser>.good roundnessami, in generalterms,higb
sorting,aparticularvertical sequenceof grain sizesandprimarysedimentary
structures,andtIte overal! geometryof depositionalunits.

In STOP4-2-2 anaccumulationof very coarse,roandedclastslay on top
of the lower erosional surface. TItey representdeposition in tIte lower
foresbore. TIte overlying inclined laminae witb inibricated pebbles(note
paleoflowdirection pointing to tIte west, i.e. landward)representforeshore
deposits.TIte inclinationof laminaeincreasestowardstIte lowerpartmarking
tIte stepat tIte baseof tIte foresItore.Berm depositsbavebeenerodedprior to
tIte next terrestrialepisodeof deposition.

Tbesefeaturesare tIte result of a relatively steep foresItore. Note tItat
original dip slopesaverage50 for beachunits madeup of coarsesandand6
to 8~ for thosewith fine gravel in CopeBasin.TIte slopebecomesstill more
inclisied towards tIte lower part of tIte assumedforesItoreunits, wheretIte
coarsestgrain sizesaccumulate.

Thesevalues are similar to tItase obtained in tIte Late Pleistoceneasid
Presentbeachesof tIte Gulf of Almería: 60 for gravelly foreshoreswith
maximumgrainsize of about 10 cm and slopesup to l0~ for tItose reaching
maximaof about 15 cm (Dabrio, et al., 1984).Similar valuesarefoundin ah
tIte studiedPleistoceneasid Presentbeachesof southeastemSpain.

Low relief erosional surfacesseparatebeach ariel terrestrial deposits.
Thesearemadeup of reddishconglomerateswith prominentimbrication of
pebblessuggestingpaleoflow to tIte east(seawards),i. e.oppositeto tIte one
measuredin beachdeposits.

Fig. 43—Rambladel Garrobillo,STOP4 - 2. (A) Alluvial deposits(STOP4 - 2 - 1) with red
sandymudstonesin the lower panandimbricateor crudely-laminatedconglomerateswith
erosionallower boundaryto thetop. (B) Closeup of alluvial deposits(STOP4-2- 1) to illustrate
alvernatingirnbricated aud disorganizedlayers with variable grain sises. Compareboth
photographswith figure 42. (C) Depositsof progradingconglomeraticbeach(comparewith
figures40 miel 44)and(D) detallof incurvationoflaininaeandaccumulationof boulders.Ruler
is lScm long. Pole in (c) is 1.20m high

Fig. 43—RambladelGan-obillo,PARADA 4 - 2. (A) depósitosaluviales(PARADA 4- 2- 1)
conlutitas arenosasrojizasdominanteshaciala parteinferior y conglomeradosimbricadoso
groseramentelaminadosy debaseerosivahaciala superior.(B) primerpíanodelos depósitos
aluviales(PARADA 4- 2- 1)queilustra laalternanciade nivelesimbricadosy desorganizados
degranulometríasvahadas.Compárenseambasfotografíascon la figura42. (C) Depósitosde
playa conglomeráticaprogradante(compáresecon las figuras 40 y 44) y detalle (D) de la
incurvacióndelasláminasdel foreshorey laacumulacióndebloques.La regiadelcírculomide
15cm. El posteen (ci mide 1.20m. de altura
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Fig.44.—Aboye:amarineepisodeinterbedeledbetweentwo terrestrialimbricateconglomerates
(channeldepositsof alluvial-fan)exposedin theerosionalescarpmentof RambladeGarrobillo.
Centre, conceptualmodel of foreshoredeposits in gravelly beaches(see figure 39 for
comparisonanelrneaningof letters).Helow: closeup of the boundarybetweenterrestrialaid
coastaldeposits.(1): imbricateconglomeratesin alluvial channel; (2): redsandymudstone,
facieslvi (R: rootburrows);(3): disorganized,angularpebbles;(4) fossiliferouscalcarenitewith
pebblesincreasingupwards(5); (6): accumulationof cobblesanel bouldersat the baseof
foreshore.

Fig. 44—Arriba: un episodio marino intercaladoentre dos conglomeradoscontinentales
imbricados(depósitosde canalen un abanicoaluvial) expuestosen el escarpeerosivode la
RambladeGarrobillo.Centro,modeloconceptualdelos depósitosde foreshoreenlasplayasde
grava(véasela figura 39 paracomparacióny significadodelasletras).Abajo: detalledel límite
entrelosdepósitosmarinosy continentales.(1): conglomeradosimbricadosencanalaluvial; 12):
luritasarenosasrojizas,faciesM(R:bioturbaciónderaices);(3):cantosangulososdesorganizados:
(4) calcarenitasfosilíferasconaumentohaciaarribadelcontenidoenclastos;(6): acumulación
decantosy bloquesenla basedela zonadebatidadeloleaje(foreshore).
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