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SUMMARY

A palaeomagneticinvestigationof an outcropsectionin Late Oligo-
cene,non-marinemudstones,sandstonesandlimestonesis described.Tite
sectionwas chosenas representativeof tite outcropsof tite more central
partsof tite Ebrobasin,nortitern Spain. It turnsout to be impossibleto
measurean earl>’ remanencein tite limestonesthat are an importantrock
t>’pe of the basincentre.Howeverdistinct magneticcomponents,titought
to be early,canbe measuredin man>’ of tite mudrocksamples.Sevenre-
versaleventsoccurwititin tite 145 m titick section,anddefinesix magne-
tic polarit>’ intervals. Assuminga relativel>’ stead>’stratigrapiticaccumu-
lation rate, tite titicknessesof tite magneticintervals correspondto the
timedurationsof tite (global) magneticpolarit>’ time-seale.Thesequence
of thicknessintervals in our sectionis not long or distinctive enoughto
allow us to suggestan unique correlationwitit tite global sequence,but
we suggesttwo possiblealternativecorrelations.Tite alternativesimpí>’
stratigrapiticaccumulationratesof 0.04and 007m/1.000years.

STRATIGRAPHICINTRODUCTION AND OBJECTS

Tite Ebrobasin is aforelandbasintitat developedin responseto crus-
tal loading during ihe Tertiar>’ evolution of tite P>’renees(Fig. 1). Tite
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main evidencefor titis is the generalnorthwardincreasein tite titickness
of tite basin-filling sedimenis,from about 1 km in tite centralareas(in-
cluding tite Fraga areareportedhere), to between3 and4 km belowthe
southernP>’reneanthrust front (Riba et al., 1987).

Tite Ebro basin arose as a weIl definedentity during tite Oligocene,
whentite southerntitrust sheetsof tite Pyreneesstartedto emergeto form
its nortitern margin,and its southernmargin also becameactive tectoni-
calI>’ (Puigdefábregaset al., 1986).

Tite surfaceoutcropsacrossmostof thebasin are of sedimentsof Oh-

goceneandMioceneage,formedin river andlake environments(Fig. 1).
A numberof river systemscarriedsedimentfrom different partsof

tite basin marginstowardsits centre.Tite Late Eocene-EarlyOhigocene
ScalaDei S>’stembuilt out from tite south-westendof tite CatatanCoas-
tal Range; the Oligocene-MioceneMatarranya-GuadalupeSystemexten-
da] from tite linking zonebetweentite CatalanCoastaJRangeandtite Ibe-
rian Range in the south, andOligocene-Miocenes>’stemsbuilt from tite
P>’reneesin tite north (Cabreraet al., 1985; I-Iirst andNicitols, 1986; Ni-
chols, 1987). In alí thesecases,conglomeraticalluvial fan sequencesac-
cumulatedalong tite basin margins,andpasseddistalí>’ into distributive
fluvial facies.Titesefaciesconsistof titick mudstonedominatedsequences
with interbeddedconglomeraticand sandstonebodiesfrom 1 m up to
10 m thick. Bothverticalandlateral aceretionare recordedin titesechan-
nel depositswhich show ribiton andsheetgeometries.

Titeseriver s>’stemsinterdigitated,towardstitebasincentrewitit a cen-
tral zonewhereplaya-lakemuds, carbonates,g>’psumsandcoals formed
(Cabrera,1983; Cabreraet al., 1985; Friend, et aL, 1986; Nichols, 1987;
CabreraandSáez,1987). In tite SE Ebro Basin,titese faciesmakeup se-
quencesup to 600 m thick (Los Monegroslacustrinesystem)(Cabrera,
1983; CabreraandSáez, 1987). Titis stud>’ was carriedout in the transi-
tional areabetweenoneof tite river systemscoming from tite P>’rcnees
and tite Los Monegroslacustrines>’stemof the centralzone(Fig. 1).

Tite dating of tite non-marine,OligoceneandMiocene depositsde-
pendslargel>’ on tite vertebratefossils tite>’ contain,particularí>’tite mam-
mal microfossils.Titeseare of sufficiently greatbiostratigrapitieinterest,
in terms of tite evolution of Europeanterrestrialfaunas,that tite Ram-
blian and Aragoniannonmarinestagesitave beendefinedin nortit-cen-
tral Spain(Daamsetal., 1987). More specificall>’, in tite studyarea,some
twenty mammalmicrofossil localitiesitave beenfound andtitis hassug-
gestedaLateOligocene-EarlyMiocenebiozonation,andtite tentativepro-
posalof a mammalstagestratotype(Agusti et al., 1 988b). Howeverit has
proveddifficult to correlatetitesefaunaswith otiter successions,parlicu-
larí>’ titose witit globalí>’ establishedmarinebiostratigrapity.
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Our objectsin working on tite magnetiereversalstratigraph>’in tite
Ebro basin itavebeen

1) to establishlocal ratesof stratigraphicaccumulationasa meansof
anal>’singthe basingrowth,

2) to investigatetite relationsitipsbetweentheseratesand tite proces-
sesof river sedimentation,

3) to establishcorrelationbetweentite terrestrialandtite marinebios-
tratigraph>’.

Titis paperwiU focuson tite first aim.

THE SECTION AND ITS SEDIMENT TYPES

Thesectionwe reporton iterestartssome1.5 km soutit-eastof the oíd
bridge acrosstite river Cinca, in the town of Fraga,Provinceof Huesca,
Spain (Fig. 1). Map referencesand latitude and longitudeof tite baseof
the sectionareBF 797 998 and0 20 E, 41 31 N. A detail sedimentar>’log
of the section forms part of a study (Cabrera,1983) of the basin-centre
sedimentsin this panof tite Ebro basin.

Tite 1 45msectionconsistslargel>’ (63 0/o) of mudstone,witit varyig co-
lour (brown or red), andcontentof silt. Titis mudstonewas tite main se-
dimentíypethat we sampledas orientedblocks, andmostof oursucces-
ful measurementswere of titis material. Brown fine to medium-grained
sandstonesmake up about 33 % of tite section,andsometimesprovided
successfulmeasurements.Titesesandstonesoutcropas titin (a few cm)
sheets,or as largersandstonebodiesup to 3 m titick.

Limestones,sorne0.20m to 3 m thick, formedon~y 4 O/~ of our Fraga
section,andare mainly presentin its top 30 m. Howeversimilar limes-
tonesaretite dominant sedimentt>’pes exposedin someof tite otiter ba-
sin centresectionsthat we sampledextensivel>’ within 20 km of Fraga.
Wc sampledthem wide]>’ becausetheytend to outcropstrongly,provide
good material for detachingorientedblocks, and itad shownmeasurable
naturalremanenceduringour earl>’ explorator>’work. Wc weretiterefore
disappointedto find, on usingthe thermaldemagnetisationroutinesdes-
cribedbelow,titat tite limestonesgeneralí>’lack a componentof remanen-
ce that is stable. We itave concludedthat tite limestoneremanenceresi-
des in tite brown oxide patcitesandveinstitat aret>’pical of most of tite
samples,andwe suggestthat titis brown material results from latestage
oxidation of tite pyrite witich is often abundant.We havetitereforeaban-
donedtite measurementof limestonesfrom thesesections.
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MEASUREMENT ROUTINE AND ANALYSIS

Oriented blocks were collectedat «vertical» stratigraphicintervals
averagingabout2 m. Titis sonietimesinvolved excavationbeJowthesur-
face.

Tite blocks were chosenlargeenoughto provide at lcast titree cores
witicit are 9 mm in diameter,andat least 1 cm in length. Orientedcores
for measurementwerepreparedin the workshopin Cambridgeby dr>’ dri-
lling usinga slowly rotatingcoring bit. Titis was formed from a stainless
steeltube, to avoid magneticcontamination,with teethindividualí>’ hand
cut andsetto acitieve maximum self-clearingof tite cylindrical incision.

Ah tite measurementswere madeusing tite eryogenicmagnetometer
designedandrun in tite Departmentof Geolog>’, lJniversity of Walesat
Cardiff. We foundtitat thermaldemagnetisationof tite samplesproduced
relativel>’ clear separationof componentsof tite remanence,whereasal-
ternatingficíd demagnetisationprovedto be ineffective.We usedamea-
surementroutine involving stepsof 100’ C, from 0~ C to 5000 C. A lo-
wer maximumtemperaturewould not itave resultedin completedemag-
netisation,and largerstepswould itave resultedin loss of componentin-
formation. Eachcoretook about3 hoursto measure.

We routinel>’ plottedtite movementof tite magnetievectorsthat oc-
curred duringtitermal demagnetisation,usingboth stereographic(diree-
tion),andvector(directionandintensit>’-Zijderveld, 1967)plots. Titesta-
ble magneticdirectionswerethenestimatedfrom titeseplots (eg. Fig. 2).
Our statisticaltreatmentof the titree or morestablecoresfrom eachsite,
usedthe methodadoptedin otherrecentstudiesof reversalstratigrapities
(cg. Johnsonandothers, 1985), whereb>’ siteswere classified as classA,
classB, or rejected,dependingon tite degreeof agreementbetweentite di-
rectionsfrom the differentcores.

RESIJLTING MAGNETOSTRATIGRAPHY

Wc measuredcoresfrom 34 sitesscatteredthrough the 145 m thick
Fragasection (Figs. 3 and4). Our stereographicandvector results>‘ield
exactí>’ similar polarity intervals,eventitough tite actualdirectionsvar>’
in detail. Here we presenttite vectordata,consistingof 33 classA sites,
and 1 classB site. Samplesfrom 9 othersitesweremeasuredbut showed
no stablecomponentduring demagnetisationfrom one temperatureto
another,andwere thereforerejected.

Fig. 3 sitows tite declinationand inclination averagedfor eaeitof tite
34 acceptablesites. Wc alsopresenttite VGP (Vidual GeomagnetieFo-
larity) latitude,witich is tite presentlatitude of the pole calculatedfrom
tite remanenceat eacit site. Our data locateseven reversaleventsin tite
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section,andtitesedefine six polarit>’ intervals. Ifwe assumethat tite rate
of stratigraphicaccumulationof tite section is relativel>’ steady,we can
thenexaminetite thicknessof our sequenceofpolarity intervals,andcom-
parethem with thc (global)magneticpolarity timescale,as, for instance,
reviewedby Harlandandothers(1982).Thevertebratebiostratigraph>’of
thearea(Agusti et al., 1988)suggeststhattite sectionliessomewherein tite
Late Oligocene,and it is immediatelyapparent,titat our sequenceof po-
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ESTIMATES OF RATES OF STRATIGRAPHICACCUMULATION

Our Fig. 3 sitows two possiblecorrelationsof our polarity intervals
usingtlw chron terminolog>’of Harlandandothers(1982).Using alsotite
agesfor thesecitronssuggestedb>’ Harlandandothers(1982), we arrive
at averagestratigrapiticaccumulationratesfor tite witole of our section
of 0.07 m/L000 years,and004 m/l.000 yearsfor tite two correlations.
Theseratesare at tite 10w endof the rangesquotedfrom otiter foreland
basins(Johnsonandotiters, 1985; Johnsonandothers,1986; Homewood
et aL, 1986), andtitis showstitat the Fragaareawasoneof oní>’ moderate
subsidence.In tite introductionto titis paperwe usedbasin thicknessto-
tais to arguethat the Fragaareasubsidedmoderatel>’comparedwith tite
areaof tite P>’reneanfront.
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