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ASSTRACT

EasternBefie lateNeogenebasinsevolveldjaa conipressional¡ranscurrentregime.
The dynamicsof thesebasins is discussedfrom the exainpleof threeinterconnected
basins(Sorbas,Nijar andVera),displayingvariousorientations,geometries,sedimentary
and magmatiecharacters.Palynspasticsketch-mapsillustratethe importanceof lateral
displacenientsin thepaleogeographicevolution.

* * *

Ihe numerousstudiesdedicatedto the EasternBetie late Neogenebasins
have been synthesizedrecently (Montenat coord., 1990). This volume,

accompaniedthepublicationof geologicalmapsof the basins,from Alicanteto
Almeria(scale1/100.OOOe)(fig. 1). It pointsoutthegreatdiversityofsedimentary,
tectonieandmagmatieeventsinteractingin the basindevelopment.Ihe basins
locatedin theeasternpartof theprovineeof Almeria(Sorbas,Nijar-Carboneras
andVerabasins;fig. 1 and2) give arelevantpictureof thesedynamics.Notably,
by meansof palynspasticsketch-maps,it is possíbleto illustratethepartplayed

by transcurrentmovementsin the paleogeographicevolution(fig. 3 to 9).

Físicade la Tierra, nY 4, 57-75,Editorial Complutense,Madrid, 1992
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Figure 1 .~—Neugenestructuralframcwork of the EasternBetie domain.A. Fault palteinof ¡he
Neogenehasinsandmagmatism.13. LateNeogenestressfleld variations.
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Figure 2.—Locationof tite studiedareaandsyntheticNeogeaesequeneescorrespondingto tite
Sorbas, Mjar-CarbonerasandVerabasias.
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Figure3—Movenienisofblocksrelatedto wrcnchfaultingduringlateNeogenetimes,Numbers
1 to 6, situations illustratedb~ Figure 4 to 9, from eartyTortonian(TI) to late Pliocene(1>2).
Captionsfor Figure 3 to 9: 1, emergedrelief;2, sedirnentationarcas,a. openmarine, b. alluvial,
e.littural;3,alluvialorsubmarinefan;4, turbiditie flowwith indicationoftlie directionoftransit; 5,
«Brécherouge»olistostrome;6, olistolite; 7, reet and reefal plaífnrm; 8, a. evaporite; b.
stromatulitie carbonates;9, volcanoes; lO, faults with indication of horizontal or vertical
displacenient.A. Aln,eria;C. Carboneras;CG. Capeof 6am;O. Garrucha;N. Nijar; S. Sorbas,V.
Vera. Cl lo 06: successiveposition uf Carboneras.
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Figure4.—Paleogeographicsketeb-map:earlyTortonian(Ti).
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FigureS.—Pa¡eogeographicsketch-map:late Tortonian (T2).
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Figure 6.—Paleogeographicsketch-map:earlyMessinian(MI).
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Figure‘7.—Paleogeograpbicsketch-map:lale Messinian(M2).
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Figure8.—Paleogeographicsketch-map:earlyPliocene(Pl).
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Figure 9.—Paleugeographicsketch-niap:latePliocene(P2).
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1. THE NEOGENE SERIES

1. Tortanianseriesareessentiallyterrigenousdeposits.Theyarepartitioned

by aregionalunconformity(fig. 10).LewerTortonianbeds(Tortonian1)
are coarsecontinental conglomeratesand red grits (alluvial fans),
croppingoutin theSorbasandVerabasins;they are lackingin ibeNijar
basin. Upper Tortonian beds(Tortonian II), widely developed,rest

unconformablyon thepreviousdepositsnr extendtransgressivelyonto
the basement.They are composedof a thick alternationof detrítal
discharges(debris-andmud-flows,turbidites)andepibathyalplanctonic-
rich oozes (about one thousandmeters), accumulatedwithin deep
subsidentfurrows (Sorbas,Vera).

2. TheTortonian-Messinianboundaryisunderlinedby thedepositionof a
calcarenitiehorizon, the so-called«CalcairesAlgueso,insetbetween
late Tortonianand Messinianpelagiedeposits.Thesecarbonatesrest
unconformablyonthelateTortonianbeds;theyarelocally transgressive
on fuebasement.

3. Messiniansedimentalionis characterizedby a decreasein terrigenous
input. Widespreadreef building are interfingered basinwardswith
planctonic-richmaris.Turbiditie depositsarerestrictedfo deeperparts

of tite furrows (Vera, La SerratanearCarboneras).Sulpitateevaporites
accumulatedwitbin discontinuoussubsidentdepressions(Sorbas,Nijar)
andwerelaterallyreplacedbyealcareo-detriticsedimentswithstromalitic

developments.In many places, diatomitic laminites precededthe
evaporitieepisode.

4. Pliocenemarinedepositsare slightly developedin IheSorbasbasin.In

otherareas(Vera)theyincludeepibathyalmarísandcalearenitesof early
Plioceneage.During tite latePliocenetime(PlioceneII), tite extension
of shallow-waterdeposits(calcarenitesanósandstones)preludesto a

generalizedemersion.Locally, deltajefaus accumulatedconsiderable
amountsofelastics(Nijar, Almeria, Vera),asaresultof regionaluplift.

5. ContinentalFlio-Pleistocenesedimentationis pellicular in mostcases
(red loamsandcaliches);thickconglomerateslocaliy accumulatedin the
Sorbasbasin.

II. MAGMATISM

1. Miocenevolcanics are widely developedand diversified. They are
largely representedin tite Cabode GatanearAlmeria: breccias,domes
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andignimbritieoutflows(morethan1000m in thickness).Theyinclude
different calc-alkalinesequences(Bordet, 1985; Di Battistini et al.,
1987):low-Kserieswithdacitesandrhyolites;low-K20andNa.,Ogroup,
rangingfrom andesitesto dacites;ignimbritierhyoliteslocallyenriched
in K20 andhydrothermalized.TiteserocksareSerravallian/Tortonianin
age(12,6to7,2Ma.).Thevolcanieactivity culminatedduringTortonian
times(Bellon etaL, 1983).

Anothercalc-alkalinesequencewith high-AI contentis represented
by peraluminouscordierite-bearingdacitesaud rhyolites, including

numerousxenoliths(almandine,andalusite,sillimanite)andmetamorphic
rocks inclusions.They are derivedfrom a higb temperatureshallow
crustal anatexisfrom the gneissof tite Betie basement(Zeck, 1968).
Thesevolcanies(Mazarrongroup),lateTortonianinage,arerepresented
by domesandbreccias,nearNijar (CabezoHoyazo)andwithin tite Vera
basin.

Messinianlamproiticoutflowsoriginatingfrom a mantelliesource
are interbeddedwithin basinalmarísin tite Vera basin.

2. Mioceneplutonismdisplaysvariousexpressions.Tourmaline-bearing
leucograniteveinsof an earlyMioceneage,areintrudedinto tite nieta-
morpitie basementalongtite Carbonerasfault. In tite Cabode Gata,va-
riousblocksof plutonicrocks(granodioritestogabbro)originatingfrom
explosivephenomenasuchas «pebble-dike»and «pebble-pipe»(Mon-
tenatet al., 1984)are resedimentedinto lateTortonianandMessinian
shallowmarinedeposits.Radiometrieages(K-Ar andRb-Sr)indicate
Tortonianages(11to8,2 Ma.) (Bordeteta!., 1 982a)for titesematerials
issuedfrom plutonsrising closeto tite surface.

3. An importantmetallogenieeventgayerise to metallie concentrations
(Rodalquilar,Vera-Garrucha,Sorbas).Tite paragenesisbearsiderite,
Fe-Mn oxides, barite, blend, galenawitb Ag-Pb combination,and
pyrite-gold(Rodalquilar).Ore depositsareveins, stockwerks,stratiform
and unconfonnablesaccumulations.Tite enclosingrocks arecomposed
of Miocene volcanies,Tortonian depositsand materials from tite
basement.Tite metallogenieeventoccurredduring a shortperiod,close
totite Tortonian-Messinianboundary(fig. 10).

III. STRUCTU1iAL FRAIVIEWORK

Tite generalstrueturalfrarneworkis presentedon figure 1. fu tite concerned
areait comprisestitreeniajorbundiesof faults(fig. 2),activeduringlateNeogene
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times:1) IheNE-SWCarbonerasfault actedasa left-lateralfauLt with a variable

reversecomponent.2) the E-W Gafarillosor Lucainenafault actedas a right-
lateralor reversefault.3) the submeridianPalomaresfault actedasa left-lateral
fault, sometimeswith a normal componení.Tite titree trcnds of faults play a
determiningpart iii the basin dynam¡es;var¡ous data indicate that they are

inheritedfrom pre-Tortoniantectonies.
To tite North ofAlnieria (El Alquian)agroupof NW-SEtrend¡ngfaultsacted

asnormalor right-lateralfaults.
The polyphasedmovementsof faults resultedfrom rotationsof the stress

field during lateNeogenetimes(Ott d’Estevouet Montenat,1985;l3occalettiet

a!?, 1987).ThedirectionofregionalshorteningchangedfromNW-SE(Tortonian),
lo N-S (lateTortonianto earlyPliocene)andto NNW-SSE(from latePliocene

onwards;fig.10).
Duetothesevariations,thefault systemwassubmittedto alternatingperiods

of lockingandfreesliclingwhicli directly influencethebasinevolution(Montenat
et al., 1990).During the sameperiod, differenttypesof basinsevolvedjoinily
(Montenat et al., 1987a,b;1989): 1) groove-shapedfaulted synclines(com-
pressional)are narrow and deepfurrows, lying along tite main wrench faults,
whatevertheirorientation:F-W(Sorbas),NNE-SSE(Vera),NE-SW(Carboneras).

Thesesubsideníbasiusaccumulatedthick turbiditieseries.2)extensionalgraben
controlledby N-S or NW-SEnormalfaultshaveminordevelopmentin IheNijar
area.

IV. PALEOGEOGRAPIIIC EVOLUTION AND ICINEMATICS
OF THE BASINS

The reconstructionof tite paleogeograpitieevolutionand kinematicsof 11w

Sorbas,Nijar-CarbonerasandVerabasinsjusttakesmíoaccounttite partplayed
by thethreemajorstrike-slipfaultspreviouslyquoted:tite Carboneras,Palomares
andLucainena-Gafarillosfaults.Tite amplitudesof horizontalmovementsfrom
onesíageto anotiterareindicative; few confidentdataare availablecoucerning
tite quantificationof displacemenis.Moreover,tite amplitudeof tite shortening
duetofoldingandcrusitingis notpreciselyknown.Therefore,tite displacements
illustratedon tite mapsare of a minimum value.

According to offshore geophysicaldata, tite Palomarestrendof faults is
representedwithout southwardscontinuationin tite Mediterranean.

Tite general movementof tite Gatablock during late Neogenetimes is
illustratedon figure3; Cito C6indicatetite successsivepositionsof tite locality
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of Carboneras,relatedto stages1 to 6of displacements,illustratedon figure4to
9. Variationsin tite directionof displacementarerelatedto changesin stressfield
orientation.Tite quantityof movemeníalong tite Carbonerasfanlt (ieft lateral
slip) is about30 km from tite beginningof late Miocenetimes(Bordet el a!?,
1982b;de La Chapelle, 1988) and about 35 km along the Palomaresfault

(Alvado,1986;Weijermars,1987),duringthesameperiod.Tite shorteningofthe
Nijar-Gataarea(including the sierraAlbamilla), perpendicularto tite NE-SW
trendof tite Carbonerasfault, is roughlyestimatedto 10 krn.

1. EarlyTortonian(TI)

Figure 4 gives a generalview of tite regionat tite beginningof Tortonian
times. Tite whole areawas emerged.Alluvial depositsare localizedwithin
structuraldepressionsin tite Tabernas-SorbasandVerabasius.Alluvial fansare
predominantclose to fault escarpments;flood plain depositsare slightly de-
veloped(soutiternpart of the Vera basin).

The piling of voleaniein the southeasterncompartmentof tite Carboneras
fault indicatesan activesubsidenceof that area,while tite northwesternpart
(Nijar area)was a relief free from deposits.Tite positionof tite Gatablock is
indicative. It migitt be located more to the southwest.A nortiteastwards
continuationof titis magmatictrendis inferredfrom off-shoredataandvolcanie
outcropslocatednearAguilas(CoppieretaL, 1989).

2. LateTortonian(fi)

Tite seainvadedalargepartoftite concernedareaduringlateTortoniantimes
(fig. 5).Marinesedimentsaccumulatedinvariousdepressionsrelatedto tectonie
activity. Groove-shapedsynclinesare strictly controlledby strike-slip faults:
Carbonerasand tite Sorbas-Veracorridors. Tliey are deep-waterturbiditic
furrows suppliedwitit lateraldetrital fans.

A part of tite clastics is redistributedby longitudinal turbiditie currenis,
canalizedeast-or nortbeastwards(Bedu,1990).

A largevolumeof volcaniematerial(olistostromeof the «Brécherouge»)
collapsedin tite Carbonerasfurrowby theendofTortoniantimes.Tite olistostrom
originatedfrom tite volcaniereliefsoftite Maleoorsimilar lateSerravallian/early
Tortonianvolcanoes(Bordetetal., 1982b),locatedcloseto tite presentsitore
une.

Pelagieoozesdepositedwithin tite Nijar area;turbiditesarescarcelydeve-
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loped.Sornefans and turbiditie flows are controlledby NW-SE faults which
display a predominantnormalcomponent(Almeria graben).TheseUaultsgaye
risc to a successionof faulíedblocks,inducing a westwardsthickeningof tite
pelagiedeposits.

Volcanie activity in Ihe Gatablock is now reducedand locatedcloseto tite
presentdayshore,alongaNE-SWtrendingline. Rhyodaciticvolcanoes(Mazarron
group)are active(Nijar. Garrucita).Tite reliefsof Gatawerepartly coveredby
shallow marinedeposits(calcarenites).A deeperzoneextendedon tite Agua
Amargaarea,soutit of Carboneras.

3. Mcssinian (Ml ant!M2)

Openmarineenvironmentexistedduring tite first part of Messiniantimes

(MI; fig. 6). Tite paleogeographieconfigurationobviousLychangesfrorn late
Tortonian lo early Messinian times. Tite Sorbasand Vera basins migrated
respcctivelynorthwardsandwestwards.It shouldbenotedtite developmentof
recEson Ihebasinmarginsandaroundtite Gatablock, whosevolcanicactivity is
now stopped.LateTortonianmetallogenieeventdefinitively stoppedattite early
beginningof Messiniantime (Garrucha,Las Herrenas).

As a result of the previousright lateral movementsalong tite Lucainena-
Gafarillos faults, a strait openedbetweenthe Alitamilla and Cabreraridgcs
(Pomposstrait). ‘¡bis strait wascolonizedby Messinianreefs. In many places,

olistolites and gravitary tlows originating from the reefal fringes are packed
within pelagiedeposits.Basinal sedimentsare mainly planktonic-ricit ooze;
turbidites are restrictedto Ihe depressionsstretchingalong tite Carbonerasand
Palomaresfaults. In the Vera corridor,turbiditie flows transitedsouthwards.

In the Nijar area (southernpart of Alhamilla), faulted blocks are now

boundedby N-Snormalfaults,while titepreexistingNW-SEfaultsarereactivated
with dextralcomponcnt.

An intensewrencbingwithin tite Carbonerascorridor is responsiblefor Ihe
ditacerationof tite «Brécherouge»otistostromeand a strongsynsedimentary
structurationof the Messinianpelagiedeposits.Magmatieactivity is restnicted
to lamproitieemptionsin the Vera basin.

Tite Messinianevaporitieevent(M2 fig. 7) iscitaracterizedby acontraction
oftite basinaldomain.Themovementoftite Gatablock,migratingnortheastwards,
probablyfavouredtite realizationof a restrictedenvironment.

Tite evaporiteswere depositedwithin discontinuousevaporitic «pools»
correspondingto subsidentarcasundertectoniecontrol.Stromatoliticcarbonates
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coveredshallowflats(AguaAmarga).‘¡he confineddepressionof Veraremained
free from evaporites.‘¡be evaporiticdepressionsare still connected,at least
periodically,with marineenvironmení.

Tite dismembermentof variousrockbodies(olistostrome,voleanicdomes),
evidencedby mapping,indicatesthatanimportantpartoftite lateraldisplacements
occurredduring Messiniantimes.

4. Pliocene(Ti ant! T2)

During tite earlyPliocene(PI; fig. 8), tite Nijar-Carbonerasbasinis alarge
straitwhichlinks tite Carbonerasareato tite gulfof Almeria. Tite openingof tite
Carbonerasaren to tite Pliocene sea results from important throws along
submeridianfaults(Palomarestrend) locatedcloseto the presentday sitoreline.
Tite openingeastwardsoftheVerabasinsattite beginningof thePlioceneresults
from the sameprocess.It wasprecededby tite settingup of a largeolistostrom
attiteMessinian/Plioceneboundary(Garrucha).Tite disruptionof lateTortonian
rhyodaciticvolcanoesof Garrucha,asaresultof tite left-lateralmovementof tite
Palomaresfault,occurredprior to tite Pliocenesedimentation,

Tite Plioceneseaextendeda shorttimeto tite Nortit, overthe Sorbasbasin,
through tite Polopos strait (Ott d’Estevou, 1980). An important delta fan
progradedsoutheastwardsin tite Andaraxarea(Almeria),canalizedby NW-SE
faults (Weijerniarseta!?, 1985).

Titecontractionofthemarinedomainandtite generalizationof shallowwater
sedimentationare recordedduring tite late Pliocene(fig. 9). It is to note tite
developmentof clasticfans(Andarax,Nijar, Vera)duetotitegeneraluplift of tite
reliefs.Tite extrusionof tite flowerstructureof La Serrataalongtite Carboneras

faults andan importantepisodeof folding of tite sierrasAlitamilla asidCabrera
occurredduring titat period.

CONCLUSION

Titesepreliminarypalynspasticsketcitmapsbavetobeiinprovedwith more
dataconcerningtite quantificationof displacemenís.From availableJata, tite
averageof lateraldisplaeementalongtite majorstrike-slip faults is between20
and30 km during lateNeogenetimes.

Howe’ver,asaresultof tite rotationof tite stressficíd, inducingalternationof
locking and free sliding of tite faults, tite inovementswere not continuous.
Moreovertitey wereaccompaniedby animportantsitorteningof tite basement,
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evidencedby large-sealefolds (1. e. sierra Alitamilla asid Cabrerafolds with
northern vergency)(Weijermarsa al?, 1985). Titese folds, responsiblefor
importantverticaldisplacemcnts,playa noticeablepartin dic basindevelopment.

Tite table (fig. 10) sumniarizesthe numerousevenísthaI occuredduring tite
short late Neogeneperiod. It is to notethat tite iniportantTortonian thermal
anomaly(crustalanatexis,plutoniebodiesrisingcloseto thesurface,nietaljogeny)
(Laronziéreet al., 1988) preludesto large lateral sliding recordedfroni tite
beginningof Messiniantimes.
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