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ABSTRACT

To date thetetrapodchnologicalrecordin the RioNegroprovince, Argentina,is known

from six areasrom thePerno-TriassictoNeogeneTetrapodrackshavebeenidentifiedin
differentpalaeoenvironmen@ndgeodinamiaontexts The oldesttrack recordis represented
by thetherapsidracks fromthe Los Menucos Group. ArevailingDicynodontipusand
Dicynodontipudike footprints, Lopingan-Early Triassicin age,comesfrom tlcherigand
Puestoveralocalities,while Pentasauropusracks,presumably_ate Tria age,were
recognizedn the Yancaquetocality. A tridactyl track-bearinglev s%published
(relatedto El Refugio Formation, Middle-Uppdirriassic),has ndin thePuestdPrado
farm,in the Arroyo dela Ventanaarea.Sometrackscl cf. Anomoepusind
undeterminedridactyl trackshavebeenidentified @domdarmwariﬁl Volcanic

Complex).The Late Cretaceous (Cenomapi reCwdepresentetty the ornithopod,

sauropod and theropaccksfrom th & erdsormation(EzequielRamosMexia area).

Moreover, cf. Iguanodontipodi opod andntracks from théAnacletoandAllen
Formationcharacteris¢h etaceougCampaniarearly Maastrichtian)of the Paso
CérdobaareaAviantgac ealsoreportedfromthe Ingeniektecobacciarea,from the

Angostura Colo%mation(u pperCampaniafower Maastrichtian) andfromthe Rio
NegroFormatian(upperMiocenelower Plioceng along the shoreline of the provinde this
area,te&ksitesandseveraichnotaxdwavebeenstudied.ln regard of
palaeoenvironmentghnositesareconstrainedo threemainsedimentargettings fluvio-
volcaniclastic fluvial/fluvial-aeolianand sallow marinesystemsFinally, a briefdiscussion
about palaeobiology arteritageissuess provided.

Keywords: Ichnologicalcompilation,PalaeozoicMesozoic. CenozoiRioNegroprovince



RESUMEN

Hastala fecha,el registroicnoldgicodela provincia de RidNegrose conoceenseisareagjue
vandesdesl Pérmicoal NedgenoLashuellasde tetrapodos hasidoidentificadasen
diferentes contextgsaleoambienteg geodinamicoskEl registromasantiguosonlashuellas
de terdpsidodel GrupoLos MenucosLashuellasde Dicynodontipusy Dicynodontipudike,
dominantes, provienen del Lopingiamdasicolnferior, delaslocalidadesje@rigy
Puestovera, mientrasquelashuellasde Pentasauropusprotablement SIco

Superior, provienen da localidadde YancaquedJn nivel conu@ldémila,aﬂn

inédito (relacionadaconla FormaciénEl Refugio, TriasicoM Superior), haido hallado

enel PuestdPrado Areade Arroyo dela VentanaEn P omgComplejoVolcanico

Marifil) seidentificaronhuellascomocf. Anomoe ldactilasindeterminada<l registro
del areadeEzeqwelRamosMemaestarep ?por huellas ornitopodianas,
sauropodianas y teropodianas, pro EermaaonCandeIero$CretaC|coSuperlor
Cenomanlano)é\demashuellasa@ auropodianas y cf. lguanodontipodidae

caracterizarel Cretacicdi panlandJIaastrlchtlanonferlor) enel areade Paso

CordobaEnel areadg | ralacobaccsereportarorhuellasavianasdela Formacion
Angostura Coloéampaniano supehitarastrichtiananferior), comoasitambiéndela

Formacio gro(Mioceno superioRliocenoinferior), enla partecosteradela

provincia.Bn'estamismaarea sehanestudiadalecenasleafloramientosy varios
icnotaxonesRespectal paleoambientdps sitiosicnolégicosestanimitadosatresentornos
sedimentarioprincipalessistemagluvio-volcaniclasticofluvial/fluvio-edlico y marino

someroFinalmente se proveeunabreve discusion sobtemaspaleobiol6gicosy

patrimoniales.



Palabrasclave: Recopilacioricnoldgica,PaleozoicoMesozoicoCenozoico, fovincia de

RioNegro
INTRODUCTION

The study of thevertebratdracks fromArgentinahasits origin with thedescriptionof
Rigalitesischigualastianuson Huene, 1931, from thieos Rastrog~ormation le
Triassic),SanJuan provinceSincethen,severakesearcherhavestudied gatdocal
ichnofauna, andomeof themostoutstandingvorksweremadeby @2), Rusconi
(1952) andCasamiqueld1964).In this context,theichnologiQﬁnutions of the Rio
Negroprovinceconstitutedone of thancipientlines of ge ofracefossilsin
Argentina,afterseminalworksby Casamiqueldl 6‘5).

Until presenday, thetetrapodrack &d\legroprovince, represented by a
diverse imprint record froraontinent gtionalpalaeoenvironmentajthoughNith
nofish tracesspans dime interv e Late Permianto the Pliocene(e.g., Casamiquela
1964, 1996, Leonardi 19 @rand deValais 2006,Aramayo2007,CalvoandOrtiz
2011, Domnanovickt alt , Carmonat al. 2012,DiazMartinezet al. 2018).Six areas
with multipletraéinglevelsare knowrsinceseveraldecadesgo,althoughsomeof the
ichnosite stbeenstudiedin thelastyears,or havebeenbriefly mentionedn the
Iiteraturﬁen no newscientific contribution hadeenreferredfrom thosdocalities(Fig.
1). Thus, theaim of thiswork is to presentan updateccompilationof the tetrapodrackrecord

from the RioNegroprovince PatagoniaArgentina,assessinglsotheir chronostratigrapical

andpalaeoenvironmentabntexts.

GEOLOGICAL SETTING OF AREAS WITH ICHNOSITES



To date,in theRio Negroprovince tetrapodracksarementionedand/or reported
from six differentareaspamelyfrom: Los Menucosdepocentrethe Arroyo dela Ventana,
IngenieroJacobacciEzequielRamosMexialake andPasoCordobaareasand from the

shoreline othe RioNegroprovince(Fig.1).

Los Menucosarea 0

TheLos Menucosareais locatedat the centreof the province. T)@mnym
depocentre hostssaiccessiomlominatedoy volcanic,intrusivesub; %and
volcaniclasticrockswith subordinatepiclasticsedimentaryl &g.,Stipanicicetal.
1968, Cucchetal. 2001, Labudia anBjerg 2001,Le .2008) exposedh the North
PatagoniamMassif. The entiresuccessionformali @

X

Bjerg 2001),testifiesthe PermianandTrias'?g

Menucos Group (Labudia and
isnof theeasterrNorth Patagonia
during the post-orogengtageof the @v I€ycle (Gonzaleztal. 2016, 2017).
ThelLos Menucos Grou rmaligs, through a non-conformity, drower
Cambrianiow grade met i€ rockilértinezDopicoetal. 2017).The upperlimit of the
unitis markedby anero conformity, abowehich Upper Cretaceous conéntaland
marinedepositiérybasaltsrest(Labudl'a andjerg 2001).Within theLos Menucos
Group,twofferm@ations are included: théeraFormationat the basethatis historicallythe
track-beﬁnit, and th8ierraColoradaFormationon top (Labudia anBjerg 2001).
TheVeraFormationcomprises/olcanicashestuffs, pyroclasticflow deposits and
volcanicbrecciaswith conglomeratessandstones amklitesintercalated Labudia andBjerg

2001, 2005)Sedimentatiortook placeinsidesmallbasins bordered by regional dodal

faults (Labudia andBjerg 2001), andt wasstronglyinfluencedby thevolcanicactivity,



affectingalluvial plain and floodplains furrowetly ephemerativersandsmalllacustrine
palaeoenvironmentsnder aseasonatlimate(Gallego2010).

Thefossil record of the/eraFormationcomprises &eryrich palaeoflora(i.e.,
Dicroidiumtype flora, seeArtabe 1985a,bkpinicaudatan§‘conchostracanssensuGallego
2010) and abundant tetraptvdcks(Casamiquela 1964, 1975, 1987, Leonardide@liveira
1990, Leonardi 1994, Manera BeancoandCalvo 1999, Domnanovich andarsicanc2006,
Melchorand devalais 2006, devalais2008, Domnanovickt al. 2008).Thev: rate
skeletalfaunais only representetdy remainsof anamiiformfish (Bogan).

Basedon the palaeoflora, differeffiriassicageswvereprop %&’era
Formation(Stipanicic1967, Artabeet al. 1985a,bStipanicicQﬁ§ol 1972, 1980).
Gallego (2010) proposednearlyLate Triassicagebas lam shrimpMenucoestheria
wichmanni Casamiquelg1964)indicatedthatthe fauna frorhos Menucoss
youngerthantheLate Triassicand oldetha ﬁrassicmore recently,Cittonetal.
(2018)suggeste@natleastEarly and Q;cagefor differentlevelsof theVera
Formationbasedon thetetrapod@ al record.

Volcaniclasticroc lerra Colorad&ormationwerefirstly datedin 222+ 2Ma
(Norian,LateTriassi@Rb/Sr isochromethod(Rapelaet al. 1996),while Lemaet
al. (2008)dated@ + 1.2Ma (RhaetianLate Triassic)with the Ar/Ar method More
recentradi cagesconstrainedhelLos Menucos Groupetwee257 + 2Ma
(Wuchi$n, Lpingian,Permian)and 248 + Ma (OlenekianEarly Triassic)(Falcoet
al. 2018, Luppcet al. 2018),makingthe Los Menucos Grougoevalwith the La Esperanza

plutono-wlicanicComplex,asit hasalreadybeenstressedby Gonzaleztal. (2017).

Arroyo dela Ventanaarea



The Marifil volcanicComplex recordanimportantmagmaticeventin theeastern
North PatagoniaMassifthatoccurred from the MiddI&riassicto the Middle Jurassic
(Malvicini andLlambias1974, Pankhurst al. 1998, andeferencesherean). TheMarifil
volcanicComplex comprisedargevolume ofrhyodaciticto rhyolitic ignimbriteswith minor
rhyolitic andandesitidava flow depositgo which sedimentaryensesareintercalated Cortés
1981). The MarifivolcanicComplex haseenrecerly relatedto two differentgeotectonic
phasesi) the firstoccurredduring theEarly-Middle Triassicunderanextensi ctonic
regimelinkedto thecollapseof the Gondwanan orogengpit would not@gaﬂﬁl
volcanicComplex (Gonzalegtal.2017), andi) the second, duri yJurassic,
characterisethy acontinentaJintraplateextensionategimere?i\o ethermalactivity of

0

the Karoo plume (Gonzalet al. 2017).Therocksrela rmeipertainto two

lithostratigrafmic units: theLa MonasaFormation iISingvolcanicand subvolcanic

rocks, and th@uestdPiris Formation compui pfclasticandvolcanclasticdeposits
Radiometricagesobtainedwith U-Pb QQ—MS methods fronvolcanicand
subvolcanic rocks frorthe La M mationindicatedate Early and MiddleTriassic
ages (247.22 + 0.46/a an Qi 1.WMa, respectivelyGonzéleztal. 2014).

The secondjeot phaseorrespondsvith the Early Jurassi@cidicvolcanism
andit is represeéheMarifil volcanicComplexs.s.(Gonzélezt al. 2017),comprising
volcanican@lsubvolcanic products aasisociatedhterbeddegedimentaryocks.Andesitic
rocksat theMarifil volcanicComplex basehavebeendatedat 221 Ma (CarnianLate
Triassic) whileRbSrandAr-Ar agesfrom pyroclasticrockshaverangedoetweerthe middle
Pliensbachiaifl88Ma) and the middld oarcian(178Ma), andaltogethemwith therhyolitic
compositionhaveenabledo includetheMarifil volcanicComplex in the ChonAike Large

Silicic Igneous Province (Pankhuedtal. 2000).



PuestoPradositeThis sitewasrecentlydiscoveredandit is still unpublished. Thaew
ichnositeis locatednearArroyo dela Ventana 55 kmwestof Sierra Grande, Ridegro
province,in afarm ownedby the Praddamily. Thesitelacksof adetailedstratigraphie
sedimentologi@nalysisyet. A preliminarystudyof thetrack-bearing rocksuggestedatthe
track-bearinglevel mostlikely belonggo the El RefugioFormation(equivalento the Puesto
Piris FormationsensuGonzaleztal. 2017).

PuestoPerdomasite ThePuestoPerdomachnositeis locatedn the Perdom , 50 km
southwest of Sierra Grantlewn (DiazMartinezetal. 2017b,c). Thérackbeaxingslabs

comefrom a flagstone quarry, where a@@trethick successio&?d byyroclastic
esl

acidicflow depositswith thin volcaniclastidenses crops ou@ sarecomposedf

coarsegrained light-pinkish sandstonwith quartz, k-f nalyroclasticmaterial(i.e.,

ashand pumice fragmentshhe sedimentationstr trolledby thevolcanism,
occurredn anincipientfluvial systemchar isethy smallpalaeochannelsfilled by
arenaceousedimentsin theareathe gmnderlies thehyolitic ignimbrites datedat
188Main age(Rb-Srage,in Par@ n&apelal995), thus thepiclasticlensesare
assignedo theEarly Jurassi iddle Pliensbachiangapof theMarifil Volcanism

(Cortés 1981, Pankhu Rapela 1995).

Q

Ezequiel exialake area
Th equielRamosMexialakeis adambuilt in theLimay river valleyin between

the Neuquén anRio Negroprovinces, nortfPatagoniaArgentina.in this area several
extraordinarilyfossiliferoudlithostratigraphiaunits, belongingo the NeuquéGroup, are
exposed. The Neuquén Groopmprisesiine formations pertaining threesubgroups,
namelythe Candeleros, Huincul and Cerro Lisandro formations (Riay Subgroup), the

PortezuelaandPlottier Formations (Rio Neuquén Subgroup), andBap de laCarpaand



AnacletoFormations (Rio Colorado Subgrodpanzaetal. 2004, buseeGarrido 2010 for
a different nomenclaturalssessmeht

Thetrackrecord fronthis areacomesfrom thebasalunit Candeleros Formation,
which overlays the Rayoseormation(Garrido 2010), anchainlyit consistof massive
coarseto mediumgrainedsandstones armbnglomeratesyith intercalationof thin siltstone
bedsindicativeof fluvial to alluvial plain,aeolianandplayalake environments (Garrido

2010, Candia Halupczadt al. 2018 andeferencesherein).The Candelero$q

consideredCenomaniarn age(Leanzaet al. 2004, andeferencesherei @ g corroborated

by U-Pbdetrital zirconsages(Tunik etal. 2010,Di Giulio etal. 20 ,%).
Shoreline of th&io Negrosidesites The depositionadtudie &ndelerosk:ormationin
the EzequielRamodviexialake areahavesuggeste@degli layalake
palaeoenvironmen{SpallettiandGazzeral 994). her handn thelower partof the
Candeleros Formation, where tie¢rapodr %served;alvo andGazzerg1989)
pointed out thepresencef floodplal Q@Mth swampdeposits and poorlyeveloped
ephemerathannels.

Southwest slope of tidani '@enterlaarea Candia Halupczokt al. (2018)suggested
thatthe trackswereimpr n deposits of the Kokorkoipalaeodesermorespecifically,
onwetand dry ié\e andithin draaslipfacedeposits.The palaeontologicatecordis
mainly odnamplevariety of vertebrateslepidosaurssnakesgcrocodyliforms,
theropo&

uropodnammalsandfishes(seeApesteguiat al. 2001, Candiddalupczoket

al. 2018, andeferencesherein).

PasoCérdoba area
In thePasoCdrdobaarea threelithostratigraphicalinits, namelytheBajo dela Carpa,

Anacleto(Neuquén Group) andllen (Malargiie Group) Formationspnstitutea continental



successiomharacterisetty mainlyfluvial deposits and subordinatadoliansandlacustrine
ones(seePazetal. 2014,DiazMartinezetal. 2018). Thdocality is characterisetdy arich
vertebratdossiliferous contente(g.,Pol 2005,Martinelli andVera 2007, Ezcurrand
Mendez 2009CalvoandOrtiz 2011, Avarezetal. 2016,DiazMartinezet al. 2015).
Ichnologicallocalitiesarelocatedwithin the “Area Natural Municipal ProtegidRaso
Cdrdoba”, on theide of the Negroriver, nearthe PasoCordobaown, 15 km south of
GeneralRocacity, at north of the province.

Vertebrataracksarecommonlyfoundin stratabelongingto two Iiaphic
units:theAnacletoFormation(lower Campanianpand theAllen Forma pper
Campaniadower Maastrichtian)In the PasoCérdobaarea,t)Q&toFormationis related
to a meanderinfuvial, mainly floodplains(DiazMarti @2018)10 shallowlacustrine
systemrepresented by offshore and shorefac sits associatedeltaicsystemgPaz
etal. 2014).In turn, theAllen Formationr neoliansystenrelatedto coastaldunes
(Armas andSanche2013, 2015Paz ecg

. The transitional contdottweerthese

unitssometimedlifficults positio eichnologicalrecordswithin lithostratigraphic

G
&
@9

schemes

Ingeniero Jaco

@aringlithostratigraphicunitsin the Ingenier@dacobaccarea(south-centre

of the RioNlegroprovince), arehe Angostura Colorada arile Rio Negro Formations.

a

The Angostura Colorad@ormationwasestablishedy Volkheimer(1973)to indicate
acomplexof continentalsedimentaryocks exposeth the NorthPatagoniamMassif,
northeast ofhe Lipetrénlocality, nearby Ingenierdacobacciown, upto Comallotown. The

unitis composed of a riftelatedsuccessiomadeof conglomeratessandstoneandpelites



(Gonzéleztal. 1999) andt waspreviously subdividethto three informamembers
indicativeof alluvial fan, fluvial braidedandfloodplainfacesassociationgManasserd 997).

The bodyfossil recordis restrictedo titanosaursauropodswith thespecies
Aeolosaurus rionegrinuand otheremains(Powell 2003, Zurriaguet al. 2018),and
palynomorphgNafez1983). Theageof the Angostura Coloradeormationis regardeds
upperCampaniarMaastrichtiarbasedonits stratigraphigoosition and theontentof
palynomorphgVolkheimer1973, Coira 1979Néﬁe21983,Manasser(andMa®995). The
tetrapodrackrecord fromthis unitis characterisethy aviantracks.

The Angostura Coloradeéormationtransitionallypasseso %oro Formation,
which concordantlyestsabove(Volkheimer1973, Coira 19 §i983,8palletti1988).
Originally, the Coli ToroFormationwasnamedo indic Ine-grainedsandstones and
shalegich in micaceousnineralswhich are exposei NorthPatagoniamMassif,
underlying the Roca Formatioat about50 :?(;ast of Ingenie@acobacciown
(Bertels1969). &

Around IngenieroJacoba@Casamiqda (1969) recognized sandstosiabs
with aviantrackspreserve ,referableto afluvial andlacustrineenvironments from
the RioNegroForma@ escriptionbelow).In thisarea,accordingo thegeological
sectionsprovide%&amiquel&1969:fig. 1), the unitis above theso-called“Estratoscon
Dinosauriags’ elowhe Plio-Pleistocensedimentaryocks. Closdo theaviantracks,
Casam$969)suggestedhe presence dflegatheridiunremains.

Shorelineof the Rio Negro province

The RioNegroFormation(Andreis 1965)s extensivelyexposedn themosteastern

portions of the RidNegroand Buenogires provinces, alongeacliffs andalluvial plains

(Aramayo 2007, Carmoret al. 2012) butvasalsoreported from inner regions of tha



Pampaprovince (Melchor 2009) and severalreasof the Andescordillera in the Neuquén,
RioNegroand Chubut provinceg (g.,Casamiqueld 969,GonzaleDiazandNullo 1980,
Bilmesetal. 2017).This formation has probablyeendepositedn anintracratonicbasin, and
the stratigraphidbasinpatternsarerelatedto structural highshatcontrolledthe sedimentation
(ZavalaandFreije 2000).

The RioNegroFormationcomprisesNeogeneepiclasticandvolcaniclasticdeposits
(Andreis 1965)On the bais of radiogeniadatesandfossil mammalremains,tl@of the
formationis currentlyassignedo theinterval upperMiocenelower PIioc@nsmeistelet

al. 1981,Aramayo01987, Alberdietal. 1997). &v
r

This formationis dividedinto threemembergZavah eij€ 2001)which

extensivelycrop out along the shoreline of the Rie e anadontainmanytrack

bearinglevels(e.g.,Casamiqueld 969,Aramayo rmonatal. 2012 ,Melchoretal.

2013). Thdower memberof eoliansandst nd’mudstoresumulatedn largedunes
and drywet interdunegZavalaandFre#@000). Thaniddle oneis characterisethy
bioclasticsandstones argarkgr onentervalsdepositedn ashallowmarine
palaeoenvironmer(Zavak%@je 2001).Finally, the uppememberis composed of

eoliansandstoneatt palaeosols$o tuff levelsatthe top(seeCarmoneetal. 2012).
Along th%ﬁne of thRio NegroProvincethereareseveralandwell exposed

outcrops okl It, displayingremarkabldetrapodrackscontentthatdistributedin these

three me re(g.,Casamiqueld969,Aramayo2007, Carmonatal. 2012, Melchoet al.

2013).

MATERIALS AND METHODS



For this contribution,we aretakinginto account, on one hanbioth unpublished and
alreadypublishedmaterial,and onthe otherhand, bottcollectedandin situ specimens.

Thegeneralchnologicalconcepts and descriptionstbé tracks followthe critena of
Leonardi (1987) anBertlingetal. (2006).We consider thgreservationaschemeof the
tracesasepirelief(Seilacherl964) orepichnia(Martinsson 1970)whenpreservedt the
stratumtop, and hyporeliefSeilacherl964) or hypichnia (Martinsson 197@henpreserved
at thestratumbase andadditionally,concaveasnegativeor in a depressiom Gsection
and convexaspositiveor a protuberance crosssection.

Most of the photographgsedhereinhavebeentakenby twv botim situ and
in thecollections;otherwisejt will be informedin eachcase

Institutional abbreviationgall collectionsfrom tigla) CICRN: Centro de

Investigacionef£ientificasdeRio Negro,Viedma? roprovince;MACN: Museo
d

ia”,CABA; MJG: MuseoJorgeH.

ArgentinodeCienciasl\laturaIeS‘Bernardirwa
Gerhold,IngenieroJacobacciRio Ne l&v ce;MLP: Museodela Plata,La Plata,

BuenosAires province;MMLM: unicipal de Los MenucosLos Menucos, Rio
Negroprovince;MPA: Mu Ita, PuntaAlta, BuenosAires province;MPCA: Museo
ProvincialCarlos A i Ipolletti, Rio Negroprovince;MRPV: MuseoRegional

ProvincialdeVaV@/alcheta,Rio Negroprovince;P.ICHN.U.N.S.:Palaeoichnology

repository@@niversidad\acionaldel Sur,BahiaBlanca,BuenosAires province.
ICHNOLOGICAL RECORD
Los Menucosarea

Materials All thespecimenfiavebeencollectedfrom theLos Menucos Group. 1) from the

Tscheriglocality, 12 km southwest of theos Menucogown: Dicynodontipusand



Dicynodontipudike: collectedspecimensMLP 60-X1-31-4, 60X1-31-6, 60X1-31-7, 60XI-
31-8, 60X1-31-9, 66XI-15-1, 66XI-15-2, 66-X1-15-3, 93-XI11-13-1, 93-XII-13-293-X11-13-
3, MACN 18198 (and alastercastwith no collectionnumber, houseith theMJG), CICRN
1-X-72-3(removedfrom apavementn Bariloche,RioNegroprovince, currently housed
the MLP), severaklabsCICRN with nocollectionnumber MPA 76-605-1E, 76-606-I1E, 76-
607-1€, 76-608-1&, 76-609-1E, 76-610-1E, 76-611-1E, 76-612-1E, 76-613-1E, 76-614-|-
E, 76-615-1E, 76-616-1E, 76-617-1E, 76-618-1E, 76-619-1E, 76-620-1E, 7 -l1E, 76-
622-1, 76-623-1E, 76-624-1E, 76-625-1E, 76-626-1E, 76-627-1E,M QIE,
MPCA 27029 (3Qrack-bearingslabswith thesamecollectionnu ast21slabs
withoutlabelin theMJG; indeterminatechirotheridtrack: ML?&LL 60X1-31-2
(removed from gavementn Barilochecity, RioNegr ,atleastonetrackbearing
levelwith in situ specimensseverakrackbearin e pavemergin Bariloche,Los
Menucos andingenieroJacobacctities,in t i&oprovince, andGanMartinde los
Andes townjn the Neuquén provinc QauroidesMPA 85-366-1-EMD-99-6
(Casamiqueld 964, 1975, Leon \4, Domnanovich Muatsicano2006,Melchorand
deValais 2006, DomnanQyi 2008); 2) from thé&rancaquedocality, 8 kmeastof the

Los Menucogown: Pgn opusVIPCA 270291/5,27029-9, 27029-16, 27029-21, 27029-
33,MMLM 1, 2,% (eMRPV 1987P.V.06ijn Domnanovictetal. 2008); 3)from the
Veralocal m northeast dhe Los Menucogown: atleastonetrack-bearinglevel with
severaiﬁpecimemcmon etal. 2019); and 4) from nqirecisesite mentionednearthe
Los Menucogown: in situ largetracks(Manera ddBiancoandCalvo 1999,Melchorand de
Valais 2006)(Fig. 2).

Description 1) Dicynodontipusand Dicynodontipudike tracks(Fig. 2a<). Thesetracksare

preserved bothsnegativeandpositiveepireliefwith a quadrupedal dispositioa.§.,

Casamiqueld 964, 1975, Leonardi 199lelchorand devalais 2006, Domnanovickt al.



2008). The manuis positionedanteriorlyandat a shortdistancefrom the pes impression but
canalsobeextensivelyoverstepped. Trackways astemmonlynarrows. Manus and pes
impressions show treamegeneral shape, and are plantigrade@amtadactylThedigit
impressions are short, forwardly oriented, beingdigé IV thelongest,and thedigit V
slightly laterallyand posteriorly shifted. A broadibcircularto subtriangularsole/palmpad
lies behinddigit traces.

Rhynchosauroidesp. Thistrack,preserveaspositive hyporelief,was edo
Rhynchosauroidesp. by Domnanoviclet al. (2008).1t is pentadactylyvi Q

increasingrom the digit | to thedigit IV trace,with digit V trace@ihorte&nd

roughlyalignedwith thedigit | trace.

ength

“Shimmeliachirotheroides. Both the holotyp [-31-2 and the paratype
MLP 60-XI-31-2 are probably undertracks. Do h [sliagsicano(2006)suggested
thatmanus and pampressionsvould not lgsamasetihefootprintis
pentadactylyith four anteriorlydirec &gﬁnts andone,probably the V digit
impressionJaterallydirected.Th intis tetradactyl aslarge asthe pes print.

2) Pentasauropuési Q They consist of homopodic fore- and hind-prints
predominantlyepresen by the digittraces]eft by alarge,quadrupedal producer. The
axisof pestrack%monlyinwardly rotatedwith respecto trackwaymidline butit can
alsobepa thetrackwaymidline, while manudracksshow awider rangeof variability.
Evenif &prints areftentridactyl or tetradactylcompletefore- and hind-prints are
pentadactylDigit V trace,whenpreservedis thesmallestandcanbeslightly shifted
posteriorly.Digit tracesarecharacterisetly a roughlysub-circularmorphology andin some
casestheirtipsarepointed andissociatedo dragtracesmoredevelopedn themostmedial

elementdi.e., digit | anddigit Il traces)Moreover thesetracesarecommonlyarrangedo

shapeanarcuate anteriorly conveyatternaccordingo which thetraceof digit Il or those of



digit lll and IV are themostadvancedBehind thedigit tracesacircularto ovoidalsole/palm
padis preservedsseparatedrom the centraldigits by a nonimpressedrea(Cittonet al.
2018).

3) Thereareatleast14in situtracksof about Scmin overalllength,similarto those
referableto asDicynodontipusbutwith very poorpreservationatjuality (Fig. 2h) (Citton et
al. 2019).

4) Manera d@iancoandCalvo (1999)havebriefly describedseverala@'u situ
tracks,from differentlevels.Thereare asetwith a strong heteropody, t@sed of a
semicirculammanus and aubtriangularpes.Besidesthere arenin i%o elliptical
trackswith a quadrupedal disposition, aadisolated,kidneyQanootprinAll of them
havepoorquality of preservatiorand noclearmorphol tiscanbe distinguished.
Commentsl) Tetrapodfootprints fromthe Los M &sinwerefirstly recognizedatthe
end of the 508 thetown of IngenieraJaco, ;/VYwetrack-bearingslabSNereusedfor
flooring thepavemerg around the b &gthe 1946snsuCasamiqueld 964). Soon

N

after,otherslabswith similar foot@

Costanerav. (currently ubrav.) in Barilochecity, werebroughtto theattention

Il usedfor the paving of thepavemerg of

of Casamiqueldsee eld964). Accordindo this author ando Leonardiandde
Oliveira (1990),Q@Iabswereextracted‘rom two distinctquarries of thdscherigfarm,

named‘@ ieja” and“CanteraNueva” (Old Quarry andNew Quarry,respectively)at

about 15 northwest of the®s Menucogown (Fig. 2g). Subsequerteldtripsin the Los
Menucosareareturnednanyslabswith tetrapodtracks,which arecurrentlyhousedn several
ArgentinerepositoriegseeMaterials).

DicynodontipusandDicynodontipudike tracksOriginally, Casamiquel#&1964, 1975)

namedseveraichnotaxabasedon themateaial from theTscherigfarm, ofwhich

“Calibarichnus, “Gallegosichnug “Stipanicichnusand “Palaciosichnus wereafter



considered synonyms Bficynodontipusor comparedvith this ichnotaxon(seeLeonardi
1994,Melchorand devalais 2006, devalais2008).Besides,'Rogerbaletichnus aguilerai
(MLP 60-XI-31-5) and tngenierichnussierrai” (MLP 60-XI-31-3)wereconsidereds
nomina dubia(de Valais 2008,DiazMartinezand devalais2014). The producer of
Dicynodontipushasbeenlongattributedto therapsids (Leonardi and @diveira 1990,

Melchorand devalais 2006),particularlytheriodonts (Domnanovich amdiarsicano2006)
and dicynodontgFrancischiniet al. 2018).
Rhynchosauroidesp. A singletrackfrom theTscherigfarm (MP Q-EMD-
99-6)wasassignedo Rhynchosauroidesp. by Domnanovichet a &Actually, the
S

authors othis contribution could notind this materialin the rin anyothercollection.

“Shimmeliachirotheroides. Originally, Casan 64namedas“Shimmelia

chirotheroides the specimend/LP 60-XI-31-1 av 1-2, andater,threeothertrack

bearingslabshavebeenassociatedbthisicho by Domnanovich amdiarsicano

(2006).However,basedon the poor &/ ion of the tracks,ittospeciesvas
consideredasnomen dubiunby dé(ZOOB).

2) Pentasauropusé/‘gaquesite, in theYancaquedarm -Felipe Curuil’s ex

quarry,is 8 km easto@ enucos townit has providedetrapodfootprints referredo
asPentasaurop%the description of aingleslabbearing thre®entasauropusracks
(MMLM - RPV 1987P.V.06n Domnanoviclet al. 2008),the wholerecordhas
beenrevi d(Cittonetal. 2018).Basedon theglenoacetabuladistance®btairedfrom
trackwayparameterghe producers ofhesetracksrangedbetweerd5cmand 1 min overall
bodylength.Themainichnologicalfeaturesndicatethatthe producer oPentasauropukad
to be sought among anomodont dicynodonts otthdeKannemeyerformes,characterised
by aprevalentsprawling upto possiblysemterectposture of the forelimbs, and bygamt

erectupto erectposture of the hindlimbs (Cittcet al. 2018).



3) Morerecently,a newtrack-bearinglocality wasdiscoveredat about 25 km
northwest of the.os Menucos townin theVerafarm. The footprints fronthis site havebeen
referredto ascomparabléo Dicynodontipushowever, ugo date,the poorpreservatia
preventsaanichnotaxonomi@assignmentntil new studies are carried out.

4) Manera déiancoandCalvo (1999)haverelatedthemwith the prosauropods.

Thesespecimensreprobably undertracksyith no morphologicatletails,andthe poor

Arroyo dela Ventanaarea xv
42

Materials 1) Four dinosautrack-bearingslabs(MRPV427/P. P/13, 429/P/13 and

preservationafjuality preventsanyconclusionwith confidence.

430/P/13), from th&uestadPerdomasite, 50 kmwest(b iefraGrande, from th&arifil

volcanic Complex(seeDiazMartinezet al. 2017? nein situtrack, fromthe
e tow

PuestoPradosite, 55 kmwestof the Sierrag n, fronanequivalentunitto theEl
RefugioFormation(Gonzalezt al. 20& . 3a-b).

Descriptionandcommentsl) Th nosaurack-bearingslabswerefoundin the 1950’s

during theextractionworkégtone quarip the Perdomdéarm (DiazMartinezet al.

2017b,c).Theyhadbge fthefloor of a grocery store durirdpcadesAfter that,they

Wereexiractedaemedb the Perdomo farnn the 2000s, Mr. Perdomo donated the

four slabst vuseoRegional Provincial d¥alcheta,where areurrentlyhoused.
h

T racks, preserveaspositivehyporelief,aretridactyl, mesaxoniand roughly
symmetrical The metatarsephalangeapadis in line with theaxis of digit Ill impression. The
tracksare longethanwide (averagel67cm long, 122cm wide). Onerackis betterpreserved
thanthe othersin MVP430/P/13, the@halangeapadimpressionsandclawtracesare

preservedBecausef the observegreservationabariantsdueto taphonomy,

MRPV430/P/13vasassignedo cf. Anomoepuswvhile MRPV427/P/13, 428/P/13 and



429/P/13weredesignatedsAnomoepudike footprints(Fig. 3a)(DiazMartinezetal.
2017c).Theyhavebeenattributedto anornithischianorigin (DiazMartinezet al. 2017c).

2) Recently,during fieldworkcarriedout by someof the authors athis contribution, a
newichnologicallocality hasbeendiscovered, th€uestoPradosite, nearSierraGrande
town. The onlyspecimerfrom PuestaPradois amediumsizedin situ tridactyl footprint
(Gbénzaleztal. 2017),aslongaswide, with relativethick digit impressionsandwide

divaricationanglebetweerthell -1V digit imprints(Fig. 3b). Thisrecord and Gsite are

currently undestudy. 0
EzequielRamosMexia lake area &

1) Shoreline of the Rio Negro province side g‘@

Materials 1) sauropodian and pterosaurieack rface, nq@recisesite mentioned,

about 25 km south dghe Villa EI Chocén t from the Candelerésrmation(Novas 2009,
Novasandlsasi2019 pers.comm.); &erack—bearing surfacen the Salassite,
about 10 km southeast of tk!éla@:én town, from the Candeleresrmation
(Apesteguid2005,Apeste ’QZOlO)(Fig.Sc-f).

Descriptionandcomme eraketrapodracksandtrackwaysrecorded on the shoreline
of theEzequieIR@iexialake of the RioNegroprovince, boundarwith the Neuguén
province h@wel€enbriefly mentioneddescribed or figure@Apesteguic2005,Novas2009,
Apeste&. 2010) or arestill unpublished. Th&ack bearinglevelsareequivalento
those of the Neuquén province, whérefamous footprints from thel Chocénareacome
from (e.g.,Calvo 1991, 1999, Leonardi 199€alvo andMazzetta2004,Calvoand Rivera
2018).

1) At leastaverywell-preservedrackwaycomposed ofargemanus and pes tracks

(Fig. 3f), hasbeenmentionedrom aplaceon the shoreline of tHake,about 25%m south of



theVilla ElI Chocontown (Novas 2009: p. 240Basedon the manus and pgackfeatures
composinghis trackway,Novas(2009)haveclaimedthatit correspondso a different
sauropodiamchnotaxapreviously known, fomstanceSauropodichnuyswvhich hasbeen
namedfrom equivalentevels(Calvo 1991 CalvoandMazzetta2004,Calvoand Rivera
2018). Surely, thedetailedmorphology of the manus-psstimprints of thespecimensvill
allow assigninghembothichnotaxonomicallyandtaxonomicallyin futurestudies.
Besidespn thesamesurfacethereare imprintgelatedto pterosaurscc@secbf
tridactyl andasymmetricamanus printsandIargeandtetradactylfootprir@vas antsasi

2019pers.comm). «v
at

2) A well-preserved heteropadmanuspesprint set,r oTebbachisaurid

sauropodsis mentionedand figured byApesteguig20 esteguiatal. (2010),

although no further morphologicdétailsare prowi
isolated tridactyl trackshavebeen recordeq theameevels(Apestegui®2019pers.
comm). They are Iongeﬁhanwide,rela«thl digit impressions, ansomeof themdisplay

clearclaw anddigital padtraceg “Till now, no ichnotaxonomic or taxonomic

.3d-e).Besidesabundant

approximation has lemdog

2) Southwestslopeofth iciede Renteriaarea

Materials 1) tra@osssectionandonein planview, in the La Buitreralocality, about 35
km south Ila ElI Chocdn town, from the Candeledesrmation(CandiaHalupczoket
al. 2018);& 2) one trackj the CerroPolicialocality, from about 55 km south of thd
Chocén town, from the Candelerésrmation(Candia Halupczokt al. 2018).
DescriptionandcommentsOn the southwest slope of tianiciede Renterialocatedabout

45 km south oEl Chocorcity, tetrapodrackshavebeenrecordedn the La Buitrera and

CerroPoliciaareagCandia Halupczokt al. 2018).



1) Candia Halupczokt al. (2018)describedracksin crosssectionspreserve@s
negativeepichnia,recordedn threedifferentsedimentargassociationspamelydune
slipfaceswetinterdunes and sandsheet deposits. The tracks from thesBistiatiorare
characterisety being usuallylaterallysymmetricalanddisplayinga depth of upo 10cm
and awidth of upto 15cm, and thoseracksfrom the othetwo faciesare upto 25cm wide,
with a depth from 1%0 25cm. None ofthesemprintsdisplaysanynecessarfjeatureso
makea taxonomical or ichnotaxonomicdsignmen(Candia Halupczokt al. ).

Besidesthereis atridactyl, symmetricafootprintaslongaswide Qng, 100
cmwide), with equidistantigit imprints of about 3@m long, and %aricationange
betweerdigit impressions II-IV of 65°. Candia HaIupczekan attributedit to
ornithopods. @

2) Atridactyl, symmetricalfootprint of 3 0 nd 4Zmwide, with equidistant
digit imprints (35cmlong, 10cmwide) an 5ii/{;letionanglebetweerdigit IlandIV
impressiorof 54°, hasveenrecorded &ngolicialocality, andasthe previoudrack,
hasbeenvinculatedwith ornithop@%

In our opinion, bo (Q

tracksarevery poorly preserved aralmostnodetailcan

ucers (Candia Halupcatlal. 2018).

be distinguished. Syrelyyf@ttistudiesn theareawill allow to elucidatethesequestions.

Q

PasoCor vea
Materials ix track-bearingstrata,includingtracksin crosssection threecollectedtracks

with provisionalfield numberPCG-1-A, B and C (currentlyn the MuseoPatagonicale
CienciasNaturalesGeneralRocacity, Rio Negroprovince), from the Cafadda®l Desvio
site,limit of theValle dela Luna Rojo southeasbf PasoCordola, from theAnacletoand
Allen FormationgDiazMartinezet al. 2018); 2)aviantrack-bearinglevel, exactlocality

unknown,neartheValle dela LunaAmarillo, eastof PasoCérdoba, fronthe Allen



Formation(Ortizetal. 2013); 3) dinosaurackbearing surfacen the Pasarelasite, southeast
of thePasoCérdoba town, fronthe Allen Formation(Calvo andOrtiz 2013); and 4¥everal
track-bearinglevels,exactlocalitiesunknown, fronthe AnacletoandAllen Formations
(Calvo andOrtiz 2011,Pazetal. 2014,0rtizandCalvo2017,DiazMartinezetal. 2017a)
(Fig. 4).
Description 1) Thematerialfrom the Cafiaddn d&esviohavebeendescribe by Diaz
Martinezetal. (2018)(Figs.4a,c). Thetrackbearinglevelsarementionedin ding
order,asPG1-10.2,PC-1-15.9,PCG1-20.5,PC1-23.3,PC1-23.7, and® ﬁ
PG-1-10.2:with footprints on a beddinglanepreservednai IMgativeepichnia,
two of thempreservedn crosssectionaswell. The tracks arQnst evensemicircularto

circular of about 30-5@m diameterSomeof the foot@@abundant wrinkle structures,

interpretecasmicrobialmat. ?
PG-1-15.9:with severakrosssectio s of about 26m depth.

PG1-20.5: where the footprin&m; Eedding-plane, presenashegative
epichnia.Theyarecircularto sub@depressions of about 20eBdiameter,
S

representing riampleda rewrinkle structuressimilarto thosein PG-1-10.2,
evidencingmicrobialga

PC—1-23.%ﬁreeollectedtracks,preservedaspositive hypichnia or naturatasts,
PG1l-A B comefrom thislevel. Two of thetracksaretridactyl, mesaxonicsub
symme&s,slightly longerthanwide (PG1-A: 25cmlong, 28cmwide; PG-1-B: 27cm
long, 29cm wide). Thedigit impressions are short andde, with blunt ends, anthe heel
impressions largeand rounded. The third footpri(RC1-C) displaysanunclearcontour of

the track, andt seemso belaterallysymmetricalwiderthanlong (33cm long and 2&m

wide), possiblypentadactylvith very shortdigit imprints.



PG-1-23.7:with two differenttrack-bearinglevels. Thespecimensrepreserveds
crosssection bothastruetracksand naturatasts.The mostinterestingspecimens a natural
cast,of about 1Zmin depth,with no morphological features, bwith large,paralleltraces
produced by the pedaltegumeniwhenthe autopodvasmovinginto thesubstrateTherest
of tracksarepoorly preserved, but thegh densityindicatesanintensetrampling.

PG 1-24.3:with thetrackson bedding plane, arsbmeof themascrosssectionas
well. In the tracking surface, theacksaresemicircularconcave depression@boutci’ﬁ
diameterwith wrinkle structuresnterpretecasmicrobialmat. Q

2) Ortizetal. (2013)havedescribedomeaviantracksfro ality, nearthe
Negroriver, at eastof PasoCérdoba. The footprints atédacQﬂa ,with slendedigit

imprints,basallynotin touch. Thedigit Il impression est,and thetotal divarication

angleis from 100%o 120°.
3) The dinosaurracks,atIeastseve¢ho§odtrackwaysaccountingor 13

footprints, ardarge,tridactyl andmes cihedigit imprintsarewide, with rounded ends
andwith equidistantengths;digit gingoroximallyinto a broacheeltrace(Calvoand
Ortiz 2013).

4) Therearesgyv aces antbcalitieswith tetrapodracksmentionedn the

literature(Calvo %I'Z 2011,Pazetal. 2014,0rtizandCalvo 2017,DiazMartinezet al.

2017a),b§%hemis clearenough about thexactgeographisite (Figs.4b-c). The

specime ntionedare:1- tracksassignedo small Hadrosauridaeyider thanlong; hand
and pes printselatedwith mediumsizedSauropodd itanosauridaeandsmallaviantracks,
from theAllen Formation(Calvo andOrtiz 2011); 2-smallavianfootprints,with slendedigit
impressions, anthargedinosaur tracks crosssection,probably sauropodian, frothe

AnacletoandAllen FormationgPazetal. 2014); 3-aviantracks,comparedo Barrosopus

slobodaj hand and pes pringssignedo mediumsizedSauropodd.ithostrotia,andtracks



relatedto mediumsizedHadrosauridae, from th&len Formation (Ortiz andCalvo 2017);
and 4-severaltracks,evenin crosssectionandwith skintracestetradactylandtridactyl avian
tracks,andtridactyl footprintsattributedto largeornithopod, from theAnacletoandAllen
FormationgDiazMartinezet al. 2017, 2018).

CommentsThe first tetrapod ichnological records from BesoCordobaareaare known
sincethe report ofradks from theAnacletoandAllen Formation(Calvo andOrtiz 2011,
2013,0rtizetal. 2013).Sincethen,manyothertrack-bearinglocalitiesandley, vebeen
discoveredsomeof thempublished omentionedn theliterature(Pazet qmz and
Calvo2016,DiazMartinezetal. 2017a, 2018) an@anyothersr(K%npublished
(Figs.4b-e).

1) The tetrapod trackdescribedoy DiazMartin 018)lack clearanatomic
featuresThereforetheywerenotassignedo any i onvith confiderce. Two of them
(PG-1-A andB) aretridactyl, mesaxoni@n y?metricalandtheywereclassifiedascf.
Iguanodontopodida&.herestarepoo gd&ndtheywere consideredsindeterminate
vertebratdracks. Q

2) Ortizetal. (201 @redheseavianfootprintswith Barrosopus sloboddrom
the CampaniarSierra,B %Formation, NeuquéeeCoriaetal. 2002, for furthedetails).

3) Based%ack morphology,Calvo andOrtiz (2013)claimedthatthespecimens
arerelate hopod dinosaurs, more probabdhadrosaurs.

4§jiﬁerentra0krecordmentionechnddescribedn theliterature(i.e., Calvoand
Ortiz2011,0rtizetal. 2013,0rtizandCalvo 2017,DiazMartinezet al. 2017a) reaffirms the

ichnologicalpotentialof the PasoCordobaarea.

Ingeniero Jacobacciarea



Materials 1) Anaviantrackbearingslab,CICRN 15-1V-78-1 (currently housed the
repository of theviuseodi StoriaNaturaleof Venice,Italy) and othern situ slabs,from
Montonilo place,about 60 km northeast IngenieroJacobacciown (Casamiquela 1987,
1996, Leonardi 199/MiazMartinezet al. 2015), from the Angostura ColoraBarmation;2)
severalin situ aviantrack-bearinglevelsandaviantrack-bearingslabssitedin one
pavemertf thecity (DiazMartinezet al. 2015), from theMaria Luisafarm, nearlngeniero
Jacobaccifrom the Angostura Colorad@rmation;and 3) ondrack-bearings JG 263,
and one probably natureastof a“Rheidae”track,MJG 304 (Casamiqu gonardi
1994), from theBajo Colorado exactlocality unknown ,nearlnge&%acciown, from
the RioNegroFormation(Fig. 5).
Description 1) TheslabCICRN 154V -78-1is ayellowj oarsgyrainedsandstone, of
about 42cm by 45cm, preservingseveralracksa n positivehyporelief(Fig. 5¢).
Originally, Casamiquel#1996)mentione &dwo newichnotaxa:l-

3°.

Tridigitichnusinopinatusis represent&

imprints, proximally notin touch; tativelyassociatedhand printlt wasassignedo

actyl footprint, with short andvide digit

smallhadrosaursvith dou gonichnorniyenetiorumwith avianaffinity, is
repregntedby at leastfi %ctyl,mesaxonictracks,with slendeigit imprintsdirected
forward,with no@ceof webbingtraceor digit | impressionwider thanlong (averaging
65.0mm lofg, 96.0mm wide), with divaricationanglebetweerdigit impressons Il andlV of
about 1§

2) The footprints from th&ariaLuisasite (Fig. 5a,b), both thaviantrackbearing
slabsconforming thgpavemenbf aparticularhouse(Fig. 5de) and thestill in situ trackin
the outcrops, displayvo different morphologgs (DiazMartinezet al. 2015).Theyare

tridactyl andmesaxonicwith slenderdigit imprints,with noevidenceof webbingtraceor

digit | impression. The morphology i& composed of threisolated |aterallysymmetric



tracks,widerthanlong (averaging31.0mm long and 108.4nm wide), with anaverage
divaricationanglebetweerdigit impressionsl|-1V of 150°. The morphotype Bicludestwo
small,laterallyasymmetricjsolatedfootprints(averaging38.2mm long and 41.3nm wide),
with anaveragealivaricaton anglebetweerdigit impressions 1V of 109°.

3) TheslabMJG 263 hastleastfour avianfootprints preservedsnegativeepichnia
(Fig. 5f). Thetracksaretridactyl, mesaxonicandapproximatelyaswide aslong (averageof
25.7mmlong and 28.0nm wide). Thedigit imprintsarevery slender, proxi an
touch, andlistallyacuminatedThesefootprints had)eenconsideredasa@c sby
Casamiqueld1969) and Leonardi (1994). v

ThespecimerMJG 304is a 3-D naturasandycast,bri &etionecby Casamiquela
(1987:449, 1996:89Fig. 50).It is 12.6cmlong and 6 aximumwidth. It seemgo
displaya centraldigital imprint andtwo Iateralmiy Il of thembroad and robustyith

pad ordigital traces,andpracticalIyparalleloch her.Thedistaltips of the threedigit
impressions are broken. &

Commentsl)In theseventieson@lh avianfootprintshavebeencollectedfrom
Montonilo place,about Gé)ortheast loigenieroJacobacctown,in the centrewestof
the province(Basagl% 80,Casamiqueld 987, 1996, Leonardi 1994). Currently, the
slabis housedn %seodi StoriaNaturaleof Venice,ltaly, thanksto G. Ligabue,
President undaciérVenecianayho supported théeldtrip to collecttheslab.Besides,
sensu_eonardi (1994)in somemomentjt hasbeenon apavementprobably from Ingeniero
Jacobaccigiventhatit still hasremainsof cementBasedon thetracespreserved in thelab
CICRN 15-1V-78-1, thenamesPatagonichnornivenetiorumandTridigitichnus inopinatus
werementionedor the firsttime by Casamiquel@1987: p. 449 and 448 spectivelywith

no descriptionof thetraces put briefreference®f the purported producers. TH&ZN (Art.

13.1) does notalidateanichnotaxon publishedfter 1930 withouits corresponding



description, thereforthesenamesareconsiderecdisnomina nudaThis does notlisqualify
themfrom beingusedlaterasvalid namessuchasCasamiquela(1996)did, satisfyingthe
requirements athe ICZN, conforming thevalid namedPatagonichnornisenetiorum
Casamiquelal 996 andrridigitichnusinopinatusCasamiquelal996. Leonardi (1994)
guestionedhe quality of T. inopinatusand kepit asnomennudum P. venetiorunwas
consideredasnomen nudurby Coriaet al. (2002) andiazMartinezetal. (2015), but
becausef unawarenessf the correct namingy Casamiquel&lQ%).ActuallOse
ichnotaxaareunder study and moxetailswill be publshedin future COIOI’]S.

2) Theaviantrackbearingslabsfrom theMaria Luisasite M Ppavementn
the centreof IngenieroJacobaccSincemanydecadeago.AftQme leldtrips by the
authors othis contribution,ichnologicallevelshavebe eredn thefarm, being
currently undestudy(DiazMartinezet al. 2015).

3) The tracks preserved MJG 263 Xalreadybriefly mentionedasrelatedto
anavianorigin (Casamiqueld969:30% QS, 1996:89, Leonardi 1994\3&lchor
2009:209) while the specimeri adeencomparedo a Rheidagrack by
Casamiqueld1987:449, é ! Howeven, bothcasesno further morphologicaletail

wasgiven. After studyin

trace,and new f@ coulbelpto disentanglehisissue

E§Qlmeni;lavebeenmentionechscoming from the RidNegroFormation

(upperMi

304,basedonits morphologyit maynot be avertebrate

elower Plioceng, basedon the lithology, although ndataaboutthe exact
provenanc@lacehavebeenprovided.Thelithostratigraphiaunit of provenance dahis
materialis dubious seeinghatit could beidentifiedwith both units, the Rio Negroand Coli
Toro Formationshasedon differentgeologicalmappinggGonzaleztal. 1999,Bilmesetal.

2013, 2017) and thieeld dataandgeologicalsectiongprovidedby Casamiquel#1969).



Shoreline of the Rio Negro province

Material. Severakrackbearing surfaceallen slabsandin situtracksites)from about 30 km
of amarinebeachareabetweerthe seconddescenof El FaroandLa Loberialocalities,near
BalnearioEl Condor €.g.,Angulo andCasamiqueld 982, Leonardi 1994Aramayo2007,
Carmoneetal. 2012, Melchoet al. 2013); thregplastercastsP.ICHN.U.N.S.100to 102
(Aramayo 2007)Fig. 6).

Description MegatherichnumAn in situ eighttracktrackway,preserv@egative
epichnia,hasbeenassignedo Megatherichnum oportaCasamiquelal9 Q Aramayo
(2007). The tracks adliptical in shape, longethanwide (avera WQ, 30 cm wide),
andwider in the anterior surfacelhedigit 11l imprint display?ar awtrace.A

conspicuousim, generallyanteriorandlaterallylocated,i ved. The producer

of Megatherichnunmasbeenattributedto ground ? fg.,Casamiqueld 974,Aramayo
I

2007)with abipedalIocomotion.Besidest\g atédtrackspreservedn afallenslabas
positive hypichnia andtleastsix in si «&

Megatherichnum oportc('sensu@ ndCasamiquelal 982).

Cf. Mylodontidichni consistf anin situ trackwaymadeup oftentracks,

n negativeepichniahavebeenmentionedas

preservedisnegativeep .and oneplastercast,P.ICHN.U.N.S.100(Aramayo2007).
The tracks are@cal in shape)ongerthanwide (average30cm long, 15cmwide),

while thﬁgoareajs narrowerthanthe anteriorone(Aramayo2007). They preserve a

clearcla ressionn theanteromediasurfacelt hasbeenrelatedto a bipedal ground
sloth (Aramayo 2007).

Falsatorichnum cannabiuSasamiqela1982in Angulo andCasamiquel§1982).The
holotypeis atrackwaywith threetrackspreservedaspositivehyporelief(Angulo and

Casamiqueld 982). Moreovertherearetwo othertrackwaysassignedo thisichnospecies.

The tracks arelliptical and lorgerthanwide (about 35cm long, 22cmwide). The erosion



coulderaseghemedialnotch, thus the shapanbeellipsoidalor subellipsoidalaswell.
SenstAngulo andCasamiquel#1982),theyare morphologicallgimilarto Megatherichnum
but differentin size (Falsatorichnumhalf thanMegatherichnum(Angulo andCasamiquela
1982). The authorsuggesthatthetrackmakerof thesetracksis abipedalground sloth.
PorcellusignuntonculcatorCasamiqueld 982in Angulo andCasamiqueld1982)It
includestensof tracks foundn afallen slab, preservedsnegativeepirelief. Theyare
homopodidridactyl manus and pesackswith bluntclawtraces Accordingto lo and
Casamiquelg1982),Porcellusignum conculcatare probabl)associate@vg(‘)choerid

mammals. xv
C

Macrauchenichnusector Casamiquelal982in Angu samiquelg1982).

Two tridactyl tracksin afallen slab,preservecgsnegati ief,arethe holotype.Angulo

andCasamiquelz@1982)assignedabundantnateri?' chnotaxonthe biggerones being

about 1&mlong and 1&mwide, andits prOer abeenattributedto macrauchenids

mammals. &
Caballichnus impersona@wquelal%mn Angulo andCasamiquel1982).The

holotypeis aseverakrack ingfallen slab,preservedsnegativeepirelief.However,
therearemorespecime nedo thisichnotaxon (Angulo an@asamiqueld982). The
tracksare homo@nnhonodactylwith half-moon shapén the anterioarea.They
present ¢ oulsplacementimsin the anteriopart. Thetracklengthvariesfrom 13
cmto 22¢C he authorselatedCaballichnusto equidmammals.

cf. Porcellusignumsp. Thetracksare preserve@snegativeepireliefatthe top of
trampledsurfacesn somefallen blocks.The pestracksaretridadyl (9 cmwide, 8.5cm long)
and the manus tracks astradactyl(10cmwide, 9.5cmlong),all of themwiderthanlong.

Aramayo(2007)relatedthesetracksto hydrochoerid rodents.



Aramayo(2007)describedwo trackwaysandtwo isolatedtracks of undetenined
ungulatesThe firsttrackwayhas 19racks,preservedsnegativeepirelief,circularand 22
cm of diameter The othertrackway,of six tracks,andtheisolatedimprintsare subcircular
(averagel3.5cmlong; 11cmwide). The producer othesetracks hasbeenattributedto
proterotheridnammaldy Aramayo(2007).

A trackwayaccountingsix pentadactytracks,relatedto a digitigrademammalwas
describedby Aramayo(2007). Theracksarewiderthanlong (averaged.6cm 7.5cm
wide), with clearlll -V digit impressionsAramayo(2007) haselatedthis’waywith a
carnivorougnarsupial similar in sizeatleastwith Thylacosmilus v

Besidesjwo typesof aviantrackshavebeendescribe ﬁoZOO?). The first one
is tridactyl, with thecental digit imprint longerthanth esthedivaricationangle
betweenl-lll greatethanbetweenll -1V, and lo Qide(mean,ZScm long; 17 wide).
Thesetrackshavebeenrelatedto phorusrh ’Xiheotheraviantracks aralsotridactyl,
with thedigit Il impressiorslightly lo gandlv, with interdigitalwebimpression.
Aramayo(2007)relatedthemto f irds.

Carmoneetal. (20 dsomeavian,mammalandindeterminatedracks, but
theyareneitherdesc@ assified.Theavianfootprintsaretetradactylmesaxoniand
Iongerthanwidee 2@mlong). Theaxisof digit | impressioncorrespondsvith theaxis
of digit 111 Which Is thelongest.Themammaltracks, preserveitt atrampledsurface,
aresemﬁrslightly longerthanwide (about 10cm long) andhaveclaw impressions.
Probably, thewereproduceddy a carnivorenammal.From thesametracksite Melchoret
al. (2013)citedthe presence dflylodontidichnumandPorcellusignunmammaltracks,as
well asPhoenicopterichnurandotherundeterminedvianfootprints.
CommentsThetrackbearingoutcrops are a continuoageaof about 15 km longpetweerthe

seconddescenbf El FaroandLa Loberialocalities,nearBalnearioEl Céndor with several



sitesthathavenotalwaysbeenclearlydeterminedn theliterature,and thereforen this
contribution,will notbe distinguished froreachother.Theseichnologicalrecordshavebeen
widely mentionedor decadege.g.,Angulo andCasamiqueld 982,Aramayo2007,Aramayo
etal. 2004, Carmonatal. 2012). Howevertheyare long knowrby authoritiescolleagues
andlocals,who evenmentionunpublisheaites,suchasPuntaMejilléon,about 10@m west
from theBalnearioEl Condor €.g.,Archuby 2016, 2019ers.comm, Valle 2018, 2019
pers.comm.).

OntheAtlantic shorelinein the Rio Negroprovince, the tetrapa gicalrecord

of the homonymous formatias studiedat leastsincethe 1970’s @uela 1974,

Carmoneetal. 2012, for furthedetails).This formationis co redeolianassociateavith

shallowmarinedeposits (Carmonet al. 2012), andno racksverefoundin the

eolianfacies.It is noteworthythatxenarthran an e trackgrelatedto thisfacies,

while theavianand carnivores ones atnet)'nlia andmarinefacies.

S
DISCUSSION OQ

Sedimentologyand env ental background
Althoughéralltrack record of theRio Negroprovinceexhibitscomplexityin

regard (§ geologicalcontexts besides longeological/stratigraphibistory(see

Temporaltangalaeobiologicatonsiderations)t is possibleto assessertainparticularities
andevencoincidence®n sedimentaryprocessethatcontrolledfootprintdistribution.
Trampledstrataaredistributedin severabasinsasdescribedefore.ln regard of

palaeoenvironmentadsuesjchnositesareconstrainedo threemainsedimentargettings:

fluvio-volcaniclastic fluvial/fluvial-aeolian, andtsallow marinesystems.



Fluvio - wlcaniclasticsystemsTetrapodrracks from thé.os Menucos depocent®era
Formation) and from thBuestaPerdomgsite (Marifil volcanicComplex) argreservedn
volcaniclasticsedimentsinterestingly,in bothlocalitiestheinterplaybetweerfluvial
processes anblcanicactivity performed anainrole enhancindrackspreservationln Los
Menucosjwo main patternsvereobserved. Théypical footprint preservatiorpatternis
relatedto sufacesmadeup of mediuni: to coarse-grained, poorly sortedlcaniclastic
sandstonewith aminimumsedimentaryeworking, being inferredsa produ
sedimentatiomn a proximalfluvial environment (Cittoret al. 2018).0nt Qand,atthe
Yancaquedocality thin sectionsanalysisdatasupported theleaof %m which the
fluvial reworkingplayeda more important role, modifyingﬁat riginally composedy

adacitictuff (Cittonetal. 2018).

At PuestoPerdomasite the proceswasquitesi r,with thedifferencethatthemain
volcaniccomponentsiretuff ashandpumi mentgDiazMartinezetal. 2017b,c),
suggestingnoredistancefrom thevol ource.

In suchenvironmentst @Uality of footprints preservatiotike truetracks,
trackways andalsodetailg@digiimpressionsvith rim displacemenmarks(DiazMartinezet
al. 2017 ,Cittoneta @,suggestavery narrowpreservatiorwindow enabledoy the
i0

earlycement volcaniccomponents.

Fluvial/ oliansystemsSeveralocalitiesat Rio Negroprovince provideyood
examplesort trackdistributionin suchenvironmentsThesdocalitiesare IngenieraJacobacci,
the Shoreline of thEzequielRamosMexialake,Pa® Cordoba, anthe Shorelineof Rio
Negro.In overallsensdracksitesaremainly distributedin two distinct palaeoenvironments:
floodplaindepositsof meanderingiversto shallowlakesand/orwet interdunedepositsof

aeoliansettings(e.g.,DiazMartinezet al. 2015, 2017b)This distributionis consistentvith

the background aduchkind of environmentsTrampledfloodplain depositsverefoundat



IngenieraJacobacc{Angostura Colorada FormatiofasoCérdobaAnacletcAllen
Formationdransition)and the Shorelinef Rio Negro(lower and uppememberof Rio
NegroFormation).Particularly,within fluvial environments, floodplaifaciesexhibit
abundantracefossil associationsonsidering global recordseereviewin Melchoret al.

2012).

The stabilizationof trampledsurfaces bynicrobialmatsis a processhatneeddo be
highlighted.At PasoCordobatracksitesuchkind of recordNasobservednain@phemeral
pondfacies(DiazMartinezet al. 2018). 0

In regard of interduntrackrecordsIhesearedistributedir& eline of the
EzequielRamosMexialake (Candeleros Formatiorgt Pas obaAnacletoandAllen
Formationdransition)and along the shoreline of er and uppemembersof the

()

RioNegro Formation).'hesedepositsaresuggestv

dominatedby currentactivity with dissimil Isof pedogenization, arakolianactivity

eservatiorwindowsin facies

(seezavalaandFreije 2001,Diaz—Ma6t al. 2018).Althoughrackswerefoundin dry

interdunefacies,the betterpreser@uality belongdo thetransitionbetweendry andwet

interdune(ZavalaandFreij "This canbe explainedbecausatthis position,seasonal
changesn the freshwat dy extension, resnlanalternanceof periods osubaeriabnd
subaqueous de marginalareagZavalaandFreije 2001). Thus, footprintsegistered

during @ eémergenceouldbe preservely the subsequent fine drapisgttledduring

the highwaterlevel (ZavalaandFreije 2001).Thisseasonatonstrainedvindow of
preservationn thesesitesis supporting thédeaof recurrent patterns suchenvironments.
Marginal marinesystemsMarginalmarinetrampledsurfacesvereidentifiedin the Rio
NegroFormation, anduchstrataare includedwithin the middle member(ZavalaandFreije
2000). Thefaciesanalysissuggeste@ shallowmarineenvironment recording theansition

betweeroffshoreto shoreface and foreshaettingswhichis supportedvith theinvertebrate



tracefossilscontenthatdisplayichnogenerassignedo the Cruziana-Skolithogchnofacies
transition(ZavalaandFreije 2000).In regard oftetrapodrackrecordsjnterestinglythe bird
andmammalfootprintsare preservedmmediatelybelow and above thearinemembe,
within MISS-bearingfacies,suggestingtidal flat setting(Carmoneaetal. 2012, Melchoet
al. 2013).In thesetidal flat facies microbialmatsallowedfootprintpreservationn a process
involving two mainstepsfirst giving plasticityandcohesivenest® trampledsandsandlater

andafterburied,microbial matdecaymentnducedearlycementatior(seeCar@t al.

2012). Q
v.

Ichnological record Q&
LosMenucos areaRodolfo Casamiquela contributio @lstopic arenoteworthyHe
named sevenichnotaxabasedon the tracks from rigfarm,in the Los Menucosarea
(Casamiqueld 964, 1975)namely:” Calibag€hpus™ “Gallegasichnus, “ Stipanicichnus
and ‘Palaciosichnus considereds;j &gyms obicynodontipusand ‘Shimmelia
chirotheroides, “Rogerbaletich eraand “Ingenierichnussierra’, considereds
nomina dubigLeonardi 1 horanddeValais 2006, devalais 2008).DiazMartinez
etal. (2014)suggest%t rackmakerof thelasttwo ichnotaxas relatedto the producer
of Dicynodontipédesa footprintassignecisRhynchosauroideisp. andseveré
undetermi@ed‘guadrupedal tracks alsocited from this locality (Manera déBiancoand
Calvo 1$Jmnanovicbt al. 2008).

Onthe other hand, the ichnotaxBentasauropubasbeenalsoidentified,from the
Yancaquedarm,in theLos Menucosarea(Domranovichet al. 2008, Cittoret al. 2018).
PuestoPerdomasite The ichnological fieldworks the Arroyo dda Ventanaareaare

relativerecent.Fourtracksfrom the Perdomeite havebeenclassifiedascf. Anomoepusr

Anomoepudike footprints(DiazMartinezet al. 2017c). The studiéa the PuestdPradosite



arejustin theirearlystagesand only onen situ tridactyl trackis known(Gonzalezt al.

2017).

EzequieRamosMexialake Thetracksfrom theEzequielRamodviexiaarealack any

ichnotaxonomicaproposalOnthe shoreline of théake,alarge surfacewith sauropodian and

tridactyl tracksin the Salassite (Apestegui®2005,Apesteguiat al. 2010, and 2019

pers.comn) and avery well-preserved sauropodidarackwayandmanypterosauriamracks,

in a southernmogite (Novas 2009Novasandisasi2019pers.comn).haveb ntioned.
Severalcrosssectionandplanview trackshavebeenrecorded b QBuitrera

and Cerro Blicialocalities,andsomeof themhavebeenassigned&%pod dinosaurs

(Candia Halupczoktal. 2018).

PasoCoérdobaarea The Cafiadddel Desviosite,near dela Luna Rojo, has

providedsix track-bearinglevels,with footprintsi ctionandplanview, and three

collectedtracks(DiazMartinezet al. 2018) Xollectedtracks,PC—l-A and B are

o,

classifiedascf. Iguanodontopodida ird oneis apentadactylindeterminaterack;

in manycasesevidenceof micro s recordedn the footprint surfaceiazMartinez
etal. 2018). O
Therearesevera chnologicallocalitiesmentionedn theliterature,mainly with

avian—evensomemareconsideredascf. Barrosopus slobodai sauropodian and

hadrosau'g%from asitenearthe Valle dela LunaAmarillo andotherplaceswith an

unknownekactlocation(Calvo andOrtiz 2011, 20130Qrtizetal. 2013,Pazetal. 2014,0rtiz
andCalvo2017,DiazMartinezetal. 2017a).

Ingeniero Jacobac@rea Basedon thetracespreservedn aslabfrom the Montonilosite,
Patagonichnornis venetioru@asamiquelal 996 andrridigitichnus inopinatusasamiquela,

1996havebeennamed, althought now botthnotaxaareconsiderechomina nudglLeonardi

1994, Corieetal. 2002,DiazMartinezetal. 2015).



Therestof therecordconsistan severakviantracks,includingaputative“Rheidae”
track (Casamiqueld 996, Leonardi 1994 iazMartinezet al. 2015).
Shoreline oRioNegroprovince Thisis theareawith moreichnotaxa(Aramayo2007).
Megatherichnum oportavasdescribedy Aramayo(2007).Later, Casamiqueldin Angulo
andCasamiqueld 982)namedfour new ichnotaxa?orcellusignuntonculcator
Macrauchenichnusector, Falsatorichnum cannabiugndCaballichnus impersonalidut
Melchor (2009)questionedhe validity of thelasttwo icnospeciesMoreover oand
Casamiqueld1982)classifiedasMegatherichnum oportcs'omeothertr nothetracks
havebeenassignedo Mylodontidichnurmand cf.
Mylodontidichniumisp.Phoenicopterichnugrand cf.Porcell &p (Aramayo 2007,
Melchoretal. 2013).Finally, someartiodactyl,carnivo wantrackswerealsofound

(Aramayo 2007, Carmoret al. 2012). v

Temporal and palaeobiologicalcon ;

Thetrackrecord of th@l@ rovince andheir provenancenitsaresummarized
in Figure 7. Thd.os Men eturnedaredomlnantlywo typesof therapsidracksthat
canberelatedto two dis oup of producers: theriodonts (Domnanovich Elagsicano
2006) ancsmalt icynodontgFrancischiniet al. 2018) forthe LopingianEarly Triassic,
while thek eyeriiformeare recordeth the ?MiddleLate Triassic(Cittonetal. 2018).

Tkﬁ&y\]urassids recordedn the PuestaPerdomasite (Arroyo dela Ventanaarea)
from which the footprints obasalornithischian dinosaumserereported.

The“mid” Cretaceous tracks arepresentetly the EzequielRamosMexiadam
record,whichis dominated by sauropod, ornithopod and theropod tr&unkthe otherhand,

the PasoCordoba and IngenietacobaccareagepresenthelastCretaceougaunain the

Patagoniaftertheentranceof North Americanimmigrants(suchashadrosaurs or



ankylosaurse.g.,Leanzaet al. 2004). Theetrapodchnologicalrecordis dominatedy
differenttypesof aviantracks,with hadrosaur and sauropod tratssrepresented.
Finally, the RioNegroFormationtetrapodracksaremainly characterisethy avian
andmammaliartracks.The avianoneshavebeenrelatedto small shorebirds¢ariamidand
flamingos.Amongthelargemammalsjt should be noted th@gh presence of grounsloths,
besidesdhydrochoerid andhacrauchenidsiammalslt is alsocited the presence of

hydrochoerid rodents and carnivoronarsupialsAramayo(2007) pointed oufié

ichnotaxarepresent &aunisticautochtonouassociatiorbeforethe entra @ orth

Americanimmigrants,the “true carnivoroumammals”which watinctionthe

&

A brief comment about the ichnological heritagv io Negro province

mentionedmarsupialsand phorusrhacid birds.

Theichnologicalrecord from the Rij oprovinceallowsto makesome
consideration about theherentherit ny of thespecimen®f the province(i.e., from
theTscherigandYancaquecboca@ eLos Menucosarea, Puerto PerdomandPuesto

Pradosites,in the Arroyo%Qanaarea,andMaria Luisasite,in IngenieraJacobacci),

werefound during fl@\

directly recogniz the quarry workers during tlextractionor subsequentligy no

quaragtivities(Fig. 2h).In mostcasesthesematerialsvere

professio atedto palaeontology- in, fanstancethecity pavementgFig. 5d,e). The
track-bearifgslabs,consequently, often are remtcompaniedby significantinformation,such
asthestratigraphidevel andlithostratigraphiaunit of provenancehe sedimentological
featuresof thetrampledievel, ananalysisof thestratigraphicsection the associatedauna,
among othersAs aresult,correctlyrelocatethemateral in the stratigraphicsuccessiomnd

attemptto interpretits preservationahistorycanbe a hardask.



A secondaspecto consider concermbetracksitesandall the footprintghatarein the
field andcanbe damagedy weatheringand/or geomorphotpcal processestwo striking
examplesare provided by themprints from theEzequielRamosViexialake and theAtlantic
shorelineln the firstcase tetrapodrackspresent aigh-risk of vulnerability (sensuGarcia
Ortiz etal. 2014) dudgo damfloods. In the seconchse thetracksarestronglyaffectedby
bothtidal variationsthatincreasehe erosion process on the exposed surfacethacdllapse

of the rocks fronthe cliffs (Figs. 6b, f).

It is especiallyymportantwhenthetype and other referrematerill in sity;

performingmanagemertiasksfor their conservatiowill becruci %bedeveloped

generatingcientific plastercasts(suchastheplastercastam r preserving the Riblegro

Formationspecimensnd houseth theP.ICHN.U.N.S; ayo2007) or three-
S

dimensionabigital modelsthrough different metv es.(.,digital photogrammetry and

CONCLUDING REMARKS Q\

Sincethe 19%§!nology of RidNegroprovince providedomeof theseminal

contributions ot iplinein Argentina.Theseworkshavebeenamainbackground from

which m$ ntributions overtebratéchnologyhavedeveloped.

Thestetrapodrack record from the Ridlegroprovincecomesfrom six differentareas,

laserscanning).

eachone wth one or mordrack-bearinglocalities,spanning chronostratigraphically from
thePermaTriassictoNeogene. Th&ackrecordis relatedto differentpalaeoenvironmentsnd
provides a gooéxampleof howcertainenvironmentganexhibit analogous ichnologal
patternsof distributions alongpaceandtime. Thelate Palaeozoi@andTriassicrecord(Los

Menucos and Arroyo d@a Ventanaareas)s relatedto proximalfluvial environmentsin



which thesedimentepositiorwasstronglycontrolledby thevolcanicactivity. The
Cretaceous record (IngeniefacobacciEzequielRamosMexialake,andPasoCordoba
areas)s insteadrelatedto fluvial andaeolianenvironmentssimilarly to the Mio-Pliocene
record (shoreline ahe Rio Negroprovince)whichis alsocharacterisetby footprintsin
shallowmarine,coastalenvironments.

From apalaeobiologicapoint ofview, thedescribedchnological records from the

Rio Negroprovinceis representedit least,by two groups of therapsida thel rmian
Early TriassicandLate Triassicepochs. A quitéargebiodiversitychara e
Cretaceous recortieingrepresentegauropods, ornithopods, th y anendifferent

birds.In addition, theMio-Pliocenerecordis representethy fQint elatedto small
shorebirdsgariamidand fIamingoslargemammaIssu@ ndsloths,macrauchenids,

hydrochoerid rodents and carnivorcmarsupials?
M

It is worth notingthatsomeareas]ik ucos and the shorelinetbk province,
havebeenprofuselymentionedn the I'«ghile otherareas]ike IngenieroJacobacci
andPasoCordobawerelessinve therareassuchasArroyo dela Ventanaand the
EzequielRamosMexia fro @ Negrosidearea arevirtually unknown.New

contributions arexpgct all theseareasjn orderto increaseour understanding and add

newinsightsto t}éobiologicateconstructions.
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Figurecaptions.

Figure 1.Locationmap.Trackbearingsitesin the RioNegroprovince, Argentina.(1)
Tsderig, (2)Veraand (3) Yancaquelocalities,in the Los Menucosarea;(4) PuestaPrado
and (5) Perdomesites,in the Arroyo dda Ventanaarea;(6) CerroPolicia,(7) La Buitrera,(8)
“Novasplace”and (9)Saladocalities,in the EzequielRamosMexia area; (10) PasoCordoba

area;(11) Montonilo and (12MariaLuisasites,and (13)Bajo Coloradopl
IngenieroJacobaceairea;and (14) differentocalitiesin the Rio Negro&nrea

Figure 2 Vertebratdracksfrom theLos Menucosarea(L%Qcos Group).
{

DicynodontipusandDicynodontipudike: a) MJG, no €ollegtionnumber; b)MPA 76-609-IE;
c) MPA 76-614-I1E. Pentasauropus) MPCA 270%13) MPCA 27029-33; )lMMLM

075-1 (exMRPV 1987P.V.06n DomnKP@al. 2008).The successiomutcroppingn

the Los Menucosareaat Puestover, ndPuestal scherig(h). Scalebars:5 cm (af), 1 m

(g) and 10 m (h). o

rom the Arroyo dda Ventanaarea(Marifil Volcanic Complex).

Figure 3.Vertebra
a)undetermi tyltrack MRPV427/P/13PuestdPerdomasite); b) outline drawing of
ain sit track (PuestoPradosite). Vertebrateracksfrom the EzequielRamosMexia
damarea,n the shoreline othe Rio Negroside (Candeleros Formation)) tridactyl track
(Salasite); d) track-bearinglevel (Salasite); e) trackbearinglevel (Salasite);f) sauropod
manus-peset(south of theVilla EI Chocon town)Scalebar: 5cm (a-c). Photographis c, d

and e byS. ApesteguiaPhotographin f by F. E. Novas.



Figure 4 Vertebrateracksfrom thePasoCérdobaarea(AnacletoandAllen formations)a)
Tramplingsurface (Cafiadotel Desviolocality); b)tracksin crosssectionin thesame
surfacethata; c) quadrupedalertebratdracks d) avianfootprints;e) avianfootprints gxact

locality unknown,neartheValle dela Luna Amarillo). Scalebar: 50cm (b), 8cm(c,e)and 5

cm (d).
Figure 5.Vertebratdracksfrom Ingenieralacobaccarea(Angostura Colora d Rio
Negroformations)a) Generaliew of thesuccessiomutcropping théva asite (arrow

indicatesthe outcrop); biletail of the fossiliferousevelindicatedi ;%antrack—bearing
slabCICRN 154V -78-1 (Montoniloplace).Pv: Patagonichn &tiorumTip andTin,
Tridigitichnusinopinatuspes and manus. d) aviantrack jihgslabs(from MariaLuis
site,in the IngenieroJacobaccpavement f) avia @aringslabMJG 263(Bajo
X

Coloradoplace);g) putativenaturalcastof ag dae”’MJG 304 (Bajo Coloradoplace).
C

Scalebars: 1 m (b), sm(f, g),8cm m (c, d).
Figure 6.Vertebratdrack Q shoreline ahe RioNegroprovince (RidNegro
Formation).a) phoru ' ck; b, f) collapsedocks,with track-bearing surfaces, from the

cliffs; c, e) avianed) trackwayrelatedwith cornivorousmarsupial Scalebar: 5¢cm (c,

e) and @

Figure 7. Synoptischemeshowing thevertebrataecord of theRio Negroprovince.a) Los
Menucosarea;b) Arroyo dela Ventanaarea;c) EzequielRamosVexialake area;d)
IngenieraJacobaccarea;e) PasoCordobaarea;f) Shorelineof theRio Negroprovince.For

radiometricdatingsseereferencesn thetext.
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