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Abstract

We present an update and a review of the Late €&etes dinosaur tracksites of Bolivia. The
Puca Group (Coniacian — Late Maastrichtian) rectivddracks and trackways of two
different titanosaurid sauropods, ankylosaurs, dsalirs and different theropod groups from
the Central Andean lacustrine back arc basin. Wiewethe sites from the Maragua syncline
(Chuquisaca) and present new data on the famousTiawDp site (Potosi).

Furthermore, the first complete map of the worlla'gest dinosaur tracksite, Cal Orck’o (El
Molino Formation, Sucre) gives an insight into bebaand movement patterns. Parallel
trackways of subadult ankylosaurs provide the firstquivocal evidence of social behavior
amongst these dinosaurs worldwide. The El Molinm#agion and the coeval deposits of
Southern Peru and Northern Argentina form a meglkdiee with a size of around 100,000
km?. The paleogeographic position of the main sitehiwithe basin suggests that they are

part of a seasonal migration route along the sim@reind deltas of an ancient lake system.

1. Introduction



Cretaceous dinosaur tracks from South America baea well known since 1980 (Alonso
1980) and the seminal work of Leonardi (1984, 198khough the first mention of dinosaur
tracks goes back to Huene (1931). The first accolmértebrate tracks from Bolivia came
from Lohmann and Branisa (1962), who mentioneddoots of iguanodontids in the El
Molino Formation from the Miraflores syncline ndawtosi; unfortunately, there are neither
pictures nor locality information in the respecthednotes (H.H. Lohmann pers. comm. to
the first author in 2019). In 1994 Leonardi figuffedr different Cretaceous localities with
dinosaur tracks, i.e. Toro Toro, Parotani (17°2@405, 66°21'32.80"W; destroyed by a
landslide), Arampampa (17°54'4.69"S,66° 3'39.85ht; verified) and Camargo (not
verified). The footprints of ankylosaurs, theropaaisl sauropods from several surfaces in
vicinity of the village Toro Toro in the middle tgoper part of the El Molino Formation
(Maastrichtian) were also figured. In an earlierkv(1984), Leonardi named one trackway
after the late Italian patron Giancarlo Ligabuepviinanced one of his expeditions to the then
remote localityLigabueichnium bolivianum was attributed to an ankylosaur or a ceratopsian
dinosaur. After the initial discovery in 1994 olaage surface with dinosaur tracks in the
quarry of FANCESA by the Bolivian geologist Hugoyd@ann in the Cal Orck'o syncline
near Sucre, the first field work was carried out @98 (mapping, casting). The tracks were
subsequently studied by a team of the Natural Hid#tuseum of Basel in 2002, 2003, 2006,
2009, 2015, and in 2017 and 2019 by the seniomaulte first results revealed 3500
footprints of five different dinosaur morphotyp&upplement 7; Meyer et al., 1999a, b;
Meyer et al., 2001; McRea et al., 2001; 2007).988 a site in the Maragua syncline close to
the village of Humaca in the Chaunaca Formation wapped and revealed the first
unequivocal evidence of gregariousness of titamadgauropods in the Late Cretaceous
(Lockley et al., 2002). Apesteguia et al. (2007, 2Gsignaled the presence of dromaeosaurid
footprints from the Toro Toro Formation from a lbganorth of Leonardi's (1994) sites.
Since Leonardi’s initial work (1994) a series afiasaur tracksites have been discovered,
triggered by public awareness of the importanc@alfOrck’o. However, they have not been
published until now. Just outside the Maragua sgach the underlying Ariofilla Formation,
close to the village of Potolo, a steeply inclirseniface contains underprints of sauropods and
theropod footprints (Meyer et al., 2016). Apestegetial. (2016) reported the purported
largest theropod footprint from the El Molino Fortma of the Maragua syncline. Meyer et
al. (2018a, b) published a detailed descriptiothefsauropod footprint morphotypes from
Cal Orck'o, erecting the new ichnotax@alorckosauripus lazari and attributing it to a basal

titanosaurid sauropod.



The present paper provides an overview of the knloata Cretaceous dinosaur tracksites in
Bolivia and discusses them in a larger contextth&se are many sites that have been
announced in local newspapers, we review theseenedgvant, and we present new data on

the localities Lirio Mayo (Potolo), Cal Orck'o (Seg as well as Toro Toro (Potosi).

2. Material and methods

For each individual morphotype, the best-presefaetprints were chosen for
photogrammetry. We produced photogrammetric 3D risdde accurate documentation and
precise measurements following the protocols oflistah and Wings (2014), Matthew et al.
(2016) and Falkingham et al. (2018). Digital photmgmetric models were created with
Agisoft Photoscan Pro (v. 1.3.2 and 1.4.1) and Btetpe Pro (v 1.6.2), starting from pictures
taken with a Canon EOS 5D Mark 1ll, with differdahses. The isolation of the tracks, the
refined orientation, and the false-color depth mafpal models were produced in Cloud
Compare (v. 2.9.1). Contour lines were generatddigitrace and superimposed onto the
depth maps in Adobe lllustrator. In addition, iMZGnd 2019 photographs and high-
resolution videos of selected sectors were madeavitrone (DJI Phantom 4 Pro). Post flight
treatment of the pictures was done with Air Madi®j. High dynamic Range (HDR)
photographs were taken of individual morphotypes teackways and subsequently enhanced
with Aurora HDR Express (Vers. 1.1.2; Filter: Laodpe realistic, contrast 45, aperture-
0.28). To further enhance the quality and conwéthie photographs, they were treated with
Luminar (4.0). The map of the Cal Orck’o tracksitas initially made with measurements
taken from a Laser distometer on the quarry flow @ane person hanging on the rope in the
wall, and then drawn on graph paper. These resalts transferred to a digital map in 2003.
In 2017 a completely new digital map of the siteswaade. The base of this map was formed
from precise orthophotographs taken with a distartess Zeiss universal measuring camera
UMK 13/18 cm with an opening of the lens of 10 &@d The basic requirement was a laser
scanner with a range of 1000 m and a precisiori-af ¢m that was positioned every 100 m
within a distance of 100 m to the wall. This reedltn a point cloud with 100 million points.
All tracks and trackways were remapped preciselgittnand compared to older analog maps
(individual tracks are depicted as symbols). Eaabkivay was given an individual number
starting with a letter (i.e. A = Anklyosaur, S= $apod, T = Theropod, O= Ornithopod)
followed by a number that indicates the starting@eof the trackway (Supplementary data

3). The size classes of dinosaur footprints foltbase defined by Razzolini et al. (2017).



3. Geology and paleoenvironment of the Puca Group

The Cretaceous of the eastern Cordillera is repteddoy almost 1000 m thick sediments of
the Puca Group, which unconformably overlie Paleomicks. Sedimentation took place in
the N-S stretching Andean back arc basin with saaelld throughs. This explains rapid facies
changes over short distances (Riccardi, 1988). yf Gulataceous sediments are found in small
synclines and anticlines (Fig. 1; Supplementaryallat The Cretaceous Puca Group of the
eastern Cordillera of Bolivia can be correlatedwtite Yacoraite Formation in Northern
Argentina (Cdnsole- Gonella et al., 2012) and tiiguéchico Formation of Southern Peru
(Jaillard et al., 1993).

The Puca Group (Cretaceous-Paleogene) can be gidatlim seven different formations

(Fig. 2: La Puerta and equivalents, Tarapaya, Mira, Aroifilla, Chaunaca, El Molino and
Santa Lucia formations). The Puca Group has a rimekness of about 1 km but can reach
up to 5.6 km in the Potosi Basin, and consistslicidastic sediments with intercalated
carbonates that are of marine and lacustrine ofgmpere et al., 1997). Russo and Rodrigo
(1965) were the first to study the stratigraphy pattogeography of the Puca Group.
Remains of characeans from the El Molino Formatibthe Maragua syncline indicate a Late
Cretaceous — Early Paleocene age (Branisa e98)1and ostracods from samples at the
Cal Orck’o locality corroborate a Maastrichtian ggppler, 2000). Above the
Turonian/Coniacian unconformity the Aroifilla andh&@inaca Formations represent
continental fluvial deposits (terrestrial red badsl evaporites) in an underfilled basin. The
Chaunaca Formation contains carbonate sequenttesladse and at the top and was
deposited in a distal alluvial to salt-lacustrit@ya environment. This is supported by the
presence of organic matter of type Ill which indésaa continental setting (Blanc-Valleron et
al., 1994). The presence of ostracods as well aschans indicates the presence of
freshwater bodies (Lohmann and Branisa, 1962).0Meelying El Molino Formation is very
variable. Fluvial sands at the base are overlaiarbglternation of claystone and fossiliferous
lacustrine carbonates associated with stromatqBksc-Valleron et al., 1994).

The paleoenvironment of the El Molino Formation ltagy been the subject of controversy.
Gayet et al. (1991, 1992, 2001) and Sempere (1f89dyed fully marine conditions, based on
the presence of selachians and (estuarine) actinauan fishes. However, stable isotope
records and palynomorphs point to an almost coatisdacustrine system during the Late

Cretaceous of the central paleo-Andean basin iiviaglRouchy et al.1993). During humid



periods, lake level increase and salinity decrésséo freshwater stromatolitic build-ups and
oolitic bars. This scenario is corroborated byshely of the clay minerals (Camoin et al.
1997). The El Molino Formation contains lacustrastracods, characeans, freshwater
gastropods, turtles and catfish. Furthermore, thegmce of mud cracks, paleosols, root
horizons and numerous different levels with dinoegeacks indicate deposition in an
ephemeral lacustrine basin (Meyer et al. 2001) rdaa and Carnavale (2016) presented a
detailed study of the clupeomorph fish spe€esteroclupea branisai Signeux that occurs
throughout in the El Molino Formation and coevahfiations of Venezuela, Argentina and
Bolivia. They concluded that the body plan is sanib that of the extant freshwater hatchet
fishes. Furthermore, the negatf/80 isotope values measured in the El Molino Fornmatib
Toro Toro by Vignol-Le Large et al. (2018) do nitlicate any marine influence at all.

In the south, the coeval Yacoraite Formation ofefrtina represents a fluvio-lacustrine
system with fluctuating groundwater table and agprdational-aggradational shoreline
architecture (Console-Gonella et al. 2012, 201@j).tRe Métan and Alemania subbasins,
respectively, Marquillas et al. (2005) suggestatirigted marine conditions for the Yacoraite
Formation, although the presence of several charai@xa indicates a lacustrine
environment. In the north, the upper part of theved Vilquechico Group of southern Peru
contains dinosaur tracks, characeans and ostraraodis thought to have been deposited in a
lacustrine system (Jaillard et al. 1993).

4. Results

4.1 Departamiento Chuquisaca

4.1.1 Maragua Syncline

The Maragua syncline lies approximately 30 km e&8ucre and has a large potential for
research in dinosaur ichnology. The first discoe®ivere made by the local fossil association
SOCIUPA (Sociedad Universitario de Paleontologia) as easl|$¥995, the same year of
discovery of dinosaur tracks in the quarry of Cedk® (Sucre). However, further exploration
of the sites was prohibited because the local etimgup of theAyllus of Qhara Qhara was in

a fight with theSindicato de Maragua. Subsequently, many sites have been documentid wit
pictures, mainly by David Keremba Mamani and theugiPALEOFORMA, under the

guidance of Omar Medina (Sucre). Most of the Idiedion the map of Maragua are derived

from documents made by David Keremba Mamani andrQaeaina (Supplementary Data



2). There are numerous sites within the Maragualsy as depicted on our map
compilation. Only a very few of these have beerifieer by professional paleontologists,
although many pictures have been published in loealspapers as well as on the internet.
Judging from the photographs, footprints of titamosl sauropods, medium-sized to small
theropods, and ankylosaurs have been observedisinhapter, we only review and describe
the sites we have visited and those for which ehonfgrmation for a first assignment is
available.

4.1.1.1 Nifiu Mayu

In 2016 Grover Marquina, a local tour guide, repdra possible dinosaur footprint to a
visiting scientist. The locality lies close to themlet Nifiu Mayu (19°4'0.07"S;
65°28'39.85"W) and was the focus of worldwide slotiadia hype. CNN quoted the very
same scientist as saying "that the 114 cm longdtid imprint from an abelisaurid (theropod)
was the largest footprint of its kind in the world@Fig. 3). Apesteguia et al. (2016) described
the imprints as showing an asymmetrical shape, ehgh IV being longer than digit 1l (Fig. 3
A. — C). Because the metatarsal 1l impression wespreted as shorter and behind the mark
of digit IV, they assumed an abelisaurid or spinwmsbaffinity. Upon a closer inspection of
pictures taken by the Director of Tourism in Suanel a “modelled” cast deposited in the
Parque Cretacico (Sucre), the senior author calddtify the print in question as a poorly-
preserved pes print of a sauropod (Fig. 3 D); igaeent tridactyl shape is the result of
erosion and cracks on the surface (Fig. 3 C). alnise would not be worth mentioning,
except that that press coverage reignited theahdlict among local authorities, because both
of the rival ethnic groups wanted to profit fronistdiscovery by claiming entrance fees for
visits (Cuentas Cedro, 2018). This led to a barafigpaleontologist doing research on fossil
footprints; access was denied to our working groug@015, 2017 and 2019. Close to the
disputed footprint is a surface with parallel sga trackways that can be attributed to the
ichnotaxonCalorckosauripus lazari, which are very similar to those in Humaca. Addially,

trackways of medium-sized theropods and ankyloszamse observed.

4.1.1.2Humaca (Ore- P4jla)

This site was discovered in 1995 by a group of anratincluding David Keremba Mamani
and Vicente Manuel Rial Cez, who were looking fasdil gastropods based on information
from Walter Otondo (pers. comm. D. Keremba MamdniMay 1998 the senior author

visited the site and confirmed the presence ofcgead and theropod footprints; later that year



the site was mapped and published by Lockley €2802).

The site lies close to the eastern margin of thealglza syncline. The entire surface covers
approximately 1400 M(Fig. 4 A; Supplementray Data 2), and dips getuyard the east.

The lower part immediately adjacent to the Quebididiamayos is strongly eroded. The
track-bearing layer is a fine grained, brownishdsaone of fluvial origin and is situated in the
uppermost part of the Chaunaca Formation (19°4%8,5%5°28'0.45"W). The track-bearing
part that has been mapped has a surface of ab@utf7and yields a total of 327 individual
footprints (Fig. 4 B), 21 attributed to theropodsidhe rest to sauropods. Eleven trackways
can be seen on the surface, and that are attribmwsaliropods. Given the pronounced horse-
shoe shaped manus, the well-developed imprintsggdsd and V and the rounded outline of
the pes, we attribute these trackways to the iexuotCal orckosauripus lazari (Fig. 4 A- C).
We have redrawn the original map (Lockley et aD2(Fig. 4) and added directional data.
The sauropods were small individuals (FL manusr@2rW manus 25.3 cm; Pes length 44.6
cm, FW pes 33.2 cm) and formed a group moving sanebusly in the same direction; this
can nicely be seen in trackways 1 to 3, which tarthe same direction (Lockley et al., 2002).
The theropod footprints are mostly preserved as$tained crusts on the surface and not as
negative epichnia like the sauropods, and therdéreed on a higher level which is no
longer present and are thus preserved as undesirélo&ir overall morphology can be
compared to those from the localities of Lirio Magal Orck’o and Toro Toro. Despite the
substrate differences (sandstone, limestone) thayesa very distinctive feature. In most of

the medium-sized theropod imprints the distal padigit Il curves strongly inward.

4.1.1.3 Chaunaca

During a field trip in May 1998 the senior authasabvered several dinosaur trackways on a
large, west-dipping limestone surface in the lopant of the Chaunaca Formation at the type
locality just northeast of the bridge (18°58'503965°26'27.74"W, Fig. 5). Here, three
sectors yield dinosaur tracks. On the northern gfaitie wall a single trackway of a sauropod
is present (Fig. 4 A); just a few meters below (Bid8) some theropod tracks are can be seen.
Further west on a higher level, a surface with ntbae 50 theropod tracks is recorded (Fig. 5
D). In 2015 isolated sauropod footprints were obsgion a sandstone bed higher up in the
section (Fig. 4 D, E; 18°59'16.42"S, 65°26'22.96."Wowever, they occur on steeply

inclined and strongly weathered surfaces and argerg well preserved. A more accurate
documentation could not be made because securgrigfar rappelling was not possible in

such an unstable terrain.



4.1.1.4 Ch’ullcumayu and Pucajata (Majara)

Two localities are worth mentioning in the Maragyacline apart from those depicted in the
map (Fig. 4). Ch’ullcumayu and Pucajata both shasks and trackways of a very large and
unusual dinosaur (Fig. 6 A). In Pucajata a wellasqul surface shows two intersecting
trackways and an isolated trackway outside of tbeuge.

The pes length varies between 30 to 65 cm and idith Wwetween 20 to 45 cm, and the
footprints have a somewhat trapezoidal outline.yTdwhibit well-defined, rounded digital
and phalangeal pads, and they are didactyl andrasymcal. They show two well-
pronounced digits which we interpret as tracesigit dl and digit 1V, which are of subequal
length and nearly parallel with no visible improfitdigit Il (Fig. 6 B). These features are
consistent with articulated fossil feet of deindmgsaurs. Deinonychosaurian ichnotaxa
comprise four ichnogenera that represent a coradttesize range/glociraptorichnus,
Dromaeosauripus, Menglonipus andDromaeopodus). Our tracks and trackways closely
resemble the ichnotaxddromaeopodus shangdongensis known from the Tianjialou
Formation (Barremian—Aptian) from the Shandong Froein China (Li et al., 2007). The
footprint length of the Bolivian tracks is almosii¢e that of their Asian counterparts. Large
dromaeosaurids body fossils with a length over 3ave been described from the Early
Cretaceous of North America (Kirkland et al., 198§ Mongolia (Perle et al., 1999). Recent
studies show the presence of small and larger menatb¢he group in South America, such
asUnenlagia andNeuquenraptor (Gianechini and Apesteguia, 2011); the only largember
of the group that could have left such footpristshie unenlagiin taxoAustroraptor cabazai
(Novas et al., 2008) from the Late Campanian/Maddtan Allen Formation of Argentina.
This corroborates a continental wide distributiémhe deinonychosaurian group that has
previously been discussed (i.e. Novas, 2009, Glaneand Apesteguia, 2011). Despite the
close resemblance of the tracks and trackways fhenfPucajata locality to the ichnotaxon
Dromaeopodus from Asia, size and individual morphology pointaalifferent ichnotaxon.
However, we refrain from erecting a new taxon uwgl have more thorough documentation

at hand.

4.1.2 Cal Orck'o Syncline



The Cal Orck’o site is situated in the active quafrFANCESA §abrica nacional de
Cementos) and has been mapped on several occasions (Megky £999a, b; Meyer et al.,
2001; McCrea et al., 2001; Meyer et al., 2006)ogdither nine levels with dinosaur tracks
have been recorded, and all are situated in thdlmhrt of the EI Molino Formation. Details
on the sedimentology and stratigraphy of the sitetze found in Meyer et al. (2002) and
Meyer et al. (2018a, b).

Here, we present three different maps of the Cek©Orsite that demonstrate the advance of
research. The first map dates back from 1998 arsdonesated using photographs only
(Supplementary data 7). In this assessment, sone ddérge theropod trackways were
mistakenly interpreted as those of hadrosauride.sHtond map sums up the state of
knowledge gained after three successive field tn@998, 2002 and 2003 (Supplementary
data 8). The third and most recent map, from 2@&lthe most detailed and largest map of
any dinosaur tracksite in the world, documentingordy the longest dinosaur trackways
recorded anywhere in the world, but also behaviauning around, stopping, etc.) not
having been observed before (Supplementary data 9).

All'in all, 12.093 single imprints have been documeel, but we estimate the total number of
tracks to be much higher (around 14.000). Thergpwtisauropod dinosaurs left most of
them. Forty trackways can be followed over morenth@0 meters; among them is one
segment of a small theropod trackway that can bewed for more than 620 m, making it
the longest recorded in the world. Theropods (73#nosaurid sauropods (11%) and
ornithopods (9%) were the dominant taxa in the siuo paleocommunity.

Nine different morphotypes have been documentegs(Fi - 9). Among those are large
tridactyl footprints (Pes length 40-50 cm; Morphm#yA, Fig. 7 first row) with elongated
digits and fleshy pads. One medium-sized form thages from 30-40 cm in length and can
easily be mistaken as hadrosaurid imprints haslgleavardly curved and pronounced digit
lIl impressions (Morphotype B, Fig. 7 second rod)smaller morphotype (Pes length 15 cm)
shows fleshy but straight digits (Morphotype C,.Fighird row). The smallest theropod
morphotype (Pes length <10 cm) is almost trianguldis outline, with curved, slender digits
and a pronounced heel, and might be attributed @ven theropod (Morphotype D, Fig. 7
fourth row).

Morphotype E is characterized by coupled oval-stlapanus and large pes imprints (Pes
length: 70 cm, Fig. 8) with few anatomical detangich include a characteristic overall
slender track shape, an outward position of theuwamd a narrow-gauge trackway

configuration. Morphotype E shows circular, ratbemt manus impressions and oval pes



prints and is somewhat larger than morphotype finfated glenoacetabular length 5 m). The
second sauropod morphotype (Morphotype F, FigisB fow) has more rounded and axially
compressed pes imprints (Pes length 50 cm), bu¢ imanse-shoe-like manus impressions.
The manus shows clear impressions of digits | anand the trackways have a wider gauge.
This rather indistinct morphotype is assigned t@dwvanced titanosaur. Morphotype E has
been interpreted as belonging to a basal titanasaauropod because of the presence of
impressions of digit | and V in the manus, andsiféed as a distinct ichnotaxon,
Calorckosauripus lazari (Meyer et al. 2018b; Fig 8 second row). Theseksdave an
anterior-posterior lengthening with a broad antep@rt and a manus whose digits | and V
can clearly be distinguished (estimated glenoacédablistance 2.8 — 3.2 m).

Blunt-toed tridactyl footprints of larger ornithog® (Morphotype G, length 30 cm, Fig. 8
third row) are rare and are attributed to hadrasasimilar but smaller morphotypes (Pes
length 12-15 cm) can also be observed. Those witlr@ triangular heel impression can be
attributed to non-hadrosaurid iguanodontians (Motpbe H, Fig. 9 first row), whereas the
more cloverleaf-shaped prints most probably betorgmall hadrosaurs (Morphotype I, Fig.
9 second row). Ellipsoidal rake-like manus andgrasts of medium to intermediate size
have been attributed to ankylosaurs (Pes width@®Ers; Morphotype K, Fig. 9 third row).
They are tetradactyl, wider than long, with wellxdidped toes (digits Il and Ill) and are the
first reported from the South American continentc®fea et al., 2000).

Using standard ichnological procedures (Thulbo28Q) we deduce that titanosauriform
sauropods were represented by two different spadtbsan estimated total length between 9-
15 m; younger individuals with a total length obab7-10 m were also present but are
extremely rare. Theropod dinosaurs vary from smdividuals with a maximum body length
of 1 m, through an intermediate size class witlb@tength of 2-3 m, to larger animals with
an estimated total body length of 3-6 m. Ornithagpahge from small individuals (1-2 m) up
to larger forms with 4-6 m total body length. Anégaurs had an estimated body length of 5-
6 m (estimated glenoacetabular length 3 m); ragetaootprints indicate animals with a
body length of up to 8-10 m.

Careful analysis of the main track level reveafedent generations of mud cracks on its
surface, all of which formed after the tracks wieffe The variable preservation of individual
footprints along certain trackway segments pointa different moisture content of the
substrate during the track formation. Furthermalieyue tracks (not the undertracks) were
left during the end phase of the wet season, béfi@shoreline dried up completely.

Neoichnological and ichnological studies (Martyakt 2009; Falkingham et al., 2017) and

10



our observations on site suggest that the main \eae formed within one hydrological

cycle. This is corroborated by taphonomic obseovetiof the vertebrate remains on the main
surface, which shows that turtle and fish remauysrfodontids, catfish) are dispersed and
always completely disarticulated (single bonesyaates, scales, vertebrae, teeth). Taking
these observations together, we can concludehbanain track level displays a census
assemblage with a unique view into a Late Cretaxémustrine ecosystem.

The pie chart of all encountered trackways showsdimost 75% were left by theropod
dinosaurs (Fig. 10 A). This has also been obseirvether tracksites (i.e. Rio do Peixe basin,
Brazil: Leonardi, 1994) and was taken as providinglid basis for determining the relative
abundance of individuals. Although we think thatstnof these track sites are census
assemblages, the composition of the ichnofaunamdte or less 75% of carnivorous
dinosaurs does - in our view - not reflect a regtrigphic pyramid.

We can assume that the activity level of theropgas much higher than in herbivorous
dinosaurs, leading us to conclude that they alsloeharger daily range than their herbivorous
counterparts, thus leaving more tracks (see aldowa2001).This would explain the high
proportions of theropods and result in comparagivelich more trackways on any given
surface. A similar ichnoassemblage compositionbegs reported from many tracksites in
the Americas, (Leonardi, 1994; Lockley and HunQ9p Africa (Belvedere et al., 2010) as
well as from Europe (Switzerland; Marty, 2008).

Rose diagrams of the trackway directions show femiftial behaviour among the dinosaur
taxa (Fig. 10 B). Most of the carnivorous theroppdsferred a N-S travelling direction,
parallel to the ancient lakeshore (Meyer et al9%t Fig. 10 F, G)Paleocurrent measurements
using gastropods and the strike of ripple-cregidishow a preferred E-W trending current
pattern (Fig. 10 H, J). This indicates an NNW-S8B&ning paleo-shorelin€he trackways of
sauropods, ankylosaurs and ornithopods howeveredtpkeferentially East-West, almost
perpendicular to the direction of the theropodg.(ED C — E). We interpret this pattern as an
indication of a different hunting or feeding stiate

Although the surface of Cal Orck’o is extremelyglarwe could neither observe any
trackways that suggest chasing of prey (i.e. PaRixgr, Thomas and Farlow 1997) nor any
others that indicate social behaviour. Howeverneotd other peculiarities. There are two
trackways of running ankylosaurs, one that was neued at the northern edge margin of
the site but subsequently destroyed by quarryidesT2/3/11 in McCrea et al., 2003: Fig.
20.27). A second one can be followed over 64 misadound sector 1200 m (A 1200.01,

Supplementary data 9). A rather unusual patterrbeaseen in a theropod trackway, where
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the animal stopped and used its left foot to statking again. (T1190.01, Supplementary
data 9). Furthermore, one very long trackway ahalstheropod was documented that makes
a wide curve after walking 130 m in a straight 1{i@400.05, Supplementary data 9), then
returning to the point of origin; the reason fasthehavior remains unclear.

Two interesting, almost parallel trackways attrézlito non-derived titanosaurs
(Calorckosauripus lazari, Holotype of S-1080.1 and S 1080.2. Supplemerdatg 9) were
regrettably destroyed by a rockfall in 2008. At ey beginning one of the trackmakers
seems to have been closely following the other avdistance of 17 meters, resulting in a
peculiar trackway pattern. Thereafter the two tveays stay very close for another 30 m
before separating and becoming parallel for theareder of the occurrence (36 m). Their
footprint size is very similar, indicating individls of the same age group, as does their
moderate speed. As there are no big size diffescbeveen male and female sauropods
(Ikeiri, 2004) they could represent trackways abaple, but just as readily two females or
two males. The local press has repeatedly suggtsiethese two trackways are those of
coupling sauropods. However, the possible virtualing poses of sauropods (Vidal, 2018)
the ‘backwards mating pose’ would result in a caetgdly different trackway pattern. We
interpret the trackway pattern as being the rasiivo sauropods that just followed each
other; any other explanation seems to be in tHenredgeopoetry.

In 2006 we mapped, a few centimeters above the leaah (Fig. 11, CO 83), a total of 15
partial trackways of ankylosaurs; the surface winsequently destroyed by quarry activities
(Fig. 10). The pes tracks are about the same Blze3 cm; FW 57 cm), indicating smaller
individuals, possibly subadults, as compared termtitacks in the quarry (i.e. McCrea et al.,
2003). Apart from a gap in the preserved surfdezjrtertrackway spacing is extremely
regular. Although we cannot follow the trackways riwore than a few meters, we suggest
that these animals were moving in a herd. Recdrtierding in thyreophorans is unknown so
far. Apart from multiple trackways from the GatesiRation of Alberta (McCrea and Currie,
1998), there is only one site, from the Early Gretaus Dakota Sandstone of Colorado, that is
dominated by tracks of small ankylosaurs (Locklegle 2006). Despite the presence of
multiple trackways, none of these examples menti@mve provide direct evidence of
herding. However, our observation in Cal Orck’dhis first unequivocal evidence of social

behavior among ankylosaurs worldwide.

4.1.3 Lirio Mayo (Potolo)
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This is a small tracksite from the Aroifilla Forrmat (Coniacian), close to Potolo in the
Central Andes (19°2'0.36"S, 65°33'4.15"W). The atefwas accidentally uncovered by local
construction workers while blasting rocks for tloastruction of a dam (Fig. 12;
Supplementary data 3). Because the site would bered by an irrigation dam in the future,
in 2015 the local authorities invited our team t@wiment the surface before its final
destruction (Meyer et al., 2016).

The sedimentary succession consists of mediunfingegrained reddish sandstones with
trough cross bedding (Supplementary data 3 B). Sands are thin-bedded (cm- to dm-
scale), coarse to fine-grained, and contain aburmarent and wave ripple marks, small-
scale cross stratification, mud cracks, and mudastigrup clasts. These features point to
deposition in an alluvial plain of a shallow bradd#&ver system. Mud cracks, caliche and rip-
up clasts indicate paleosol development in ancimdate.

The track-bearing surface is steeply inclined, apipnately 30 mM are accessible without
danger. Sixty tridactyl footprints and 8 oval shépaotprints have been observed (Fig. 12;
Supplementary data 3 B and 4;). The tridactyl tsambcur as negative epichnia and show a
strongly inward-curved middle digit (Fig. 13, Supplentary Data 6; mean FL 25.4 cm; mean
FW 17 cm), and so resemble the tracks reported fheniHumaca site (see above). They have
slender toes, well-developed digital pads, andtpdiclaw marks. Moreover, in R1 of T4 an
antero-medially directed scimitar-like impressidradiallux can be seen (Fig. 13 A: arrow).
The axis of the hallux impression is’@0 the impression of digit II; the angle betwekea t
hallux midline and the axis of digit 11l is 60 degss. Digit Il is the longest, followed by
digits Il and IV. The right pes length varies beéne?4 to 28 cm whereas its width ranges
from 16 to 19 cm. The length of digit Il is betwebhto 16 cm and in digit IV between 13 to
16 cm. In T1 the pace is 56 cm and stride meadiBé¢sm respectively.

All the theropod tracks closely resemble those alf @ck’o (Morphotype C; Fig. 7 C) and
from Humaca (Fig. 4 C) and Toro Toro (compare EgG). This specific track type shows
one main character, the strongly bent or inwardiywed digit 111, that can be seen in all the
sites despite the different track preservatioraimdstone and limestone beds.

The oval-shaped footprints were left by sauropbdsdue to their preservation as
underprints, no details can be seen. They forméatdéhe imprints of the theropods were
left. The preferred walking orientation of the thegods was to the SE, perpendicular to the
main current (as inferred from the ripple marks).

The surface contains invertebrate burrows thateaobserved following the mud cracks or

as fillings in the individual footprints. These baws are 0.5 to 1 cm in diameter and occur as
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transverse crescentic ridge or as mensicate bidekrfid are occasionally branched (Fig. 13
B). Because of their architecture and morphology assign these endichnia to the
ichnotaxonSenichnus (Hasiotis, 2004). They are thought to be conseditty orthopterans
such as heterocerid mud-loving beetles or molé&ketsc(Gryllotalpidae) in the uppermost part
of the substrate (Clark and Ratcliffe 1989). Acaogdo Hasiotis (2004%teinichnus isp. is
constructed in water-saturated sediments at thenset-water—air surface and is often
associated with bedding surfaces that exhibit eépparks and desiccation cracks.

That leads to the assumption that the burrows wemstructed during brief periods of

subaerial exposure, but after the trackways wdtratel mud cracks had been formed.

4.2 Departamento Potosi

4.2.1 Toro Toro

The El Molino Formation in the Toro Toro syncliri@ggpartment of Potosi, Bolivia) has long
been known for its Cretaceous dinosaur tracks. Tvexg briefly mentioned by Branisa
(1968). Giuseppe Leonardi led the first expeditro©983 and mapped several surfaces. In
1984 he published the description of a trackviagabuei chnium bolivianum, attributed to
either to a ceratopsian or to an ankylosaur. Thegwation of the type trackway is nowadays
such that no details can be seen (see Fig. 141&rI¢ visible are still manus and pes
impressions and the morphology and trackway patiegrsimilar to that of other known
ankylosaur trackways. Although we agree with Lednék984, 1995: Plate VII) and McCrea
et al. (2001) that it was produced by an ankylosaerneed to find better-preserved tracks in
order to validate the above-mentioned ichnotaxoimid atlas, Leonardi (1994) figured five
larger surfaces with tracks and trackways of thedspand sauropods; they are all situated
close to the village (Supplementary data 6, Mai@, 8ridge, Rio Mission Cruz 2). We have
visited these sites and attribute most of the sgddrackways to the ichnotaxon
Calorckosauripus lazari (Meyer et al. 2018b, Fig. 14 B; see Leonardi 1%4te VIII).
Apesteguia et al. (2011) described purported drosaaeid tracks which they placed
stratigraphically into the Toro Toro Formation. Hower, the locality (Supplementary data 6,
Rio Mission Cruz 1) and whole area form part ofactine-anticline system and is situated in
the upper member of the El Molino Formation; theselst outcrops of the Toro Toro
Formation are more than 5 km to the west in theTlaro canyon. The "dromaeosaurid

tracks" are isolated footprints that occur on dasagr of a fine-grained sandstone layer that
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also yields tracks of sauropods. These isolatedusipas sets show a strong
extramorphological overprint, i.e. highly deformealges and no morphological details.
Furthermore, the surface itself is the sole ofeekrand is strongly eroded. The preservation
of the "dromaeosaurid” tracks is rather poor; taeyvery shallow and do not appear to be
true tracks; Apesteguia et al. (2011) also stdthdf they are probably undertracks". This is
somewhat intriguing, even more because they weigreed to the ichnogenus
?Dromaeopodus. Our observation in situ did not reveal a didaotgrphology; therefore, we
regard these tracks as belonging to medium-sizzdplods that cannot be assigned to any
specific family. There have been several attemptotument the sites around Toro Toro
(Esperante et al., 2018) but they remain rathetichkgi.e. Rios Cordero, 2005).

In 2019 the senior (CM) author visited several m@es situated on the Cerro de Huayllas, in
the Rio T’iratani and around the Quebrada Chiflbimey are situated at the base and the top
of the middle member of the El Molino Formation @é#ichtian: see Vignol et al., 2018),
and thus far as many as 15 different track levaletbeen recorded. The tracks are mainly
preserved as negative epichnia on fine-grainedstanes, occasionally also on limestones. In
some sites, such as Las Golondrinas, positive hypmoof theropods are present and
sauropod footprints can also be seen in crossosectSince then many more sites have been
reported and have yet to be studied (Supplemendtey6).

The surfaces at the Cerro de Huayllas (H1-H5, Sampehtary data 6) show tracks and
trackways of minute, slender (FL 13 cm) and largmitoed theropods (FL 35 cm; Fig. 14 F,
G). Medium-sized theropods are also present antiia site (Fig. 14 A). On most of the
Cerro Huayllas surfaces, trackwaysQaorckosauripus lazari can be observed. Some of the
layers near the top are completely dinoturbatetipther surfaces show parallel trackways of
titanosaurids. There are at least five differeatkrbearing levels; they consist of dolomitic
limestones, calcarenites and fine-grained sandstane latter sometimes covered with insect
traces. Large theropod tracks with slender diggspaesent on limestone surfaces at the
Kuchu Rodeo locality (Fig. 14 E). The Quebrada [Bhitomprises two disjunct surfaces of
1600 and 1800 fArrespectively, with a density of 1-2 footprints perof small- to medium-
sized theropods (Supplementary data 6). This seiifaoverlain by a low angled cross
bedded, well sorted sandstone with desert rosgs(gy pseudomorphs), which we interpret
as an aeolian deposit; this is possibly the lasridefore the K/Pg-boundary. The Rio
T’iratani site shows a limestone surface with 3€&dpod footprints organized in four
trackways and is situated in the lower part ofEh&lolino sequence. One of the trackways

consists of three consecutive imprints of a crougliheropod that may be attributed to
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maniraptoriformes (Fig. 14 D; Meyer et al., 2018imilar but much larger tracks have been
documented from the Tigre Mayu sitehich seems to be in the same stratigraphic positio
Today more than 28 sites have been discovered ([@upptary data 6) inside the proposed
Geopargue and adjacent to it. So far at least\i&devith dinosaur tracks are known that
record the presence of titanosaurid sauropodrdiit types of theropods and ankylosaurs. In
our view, the area around Toro Toro is of key ies¢because it records dinosaur track levels
that are closely situated to the K/Pg-boundary.

4.3 Departamento Camargo

4.3.1 Camargo

At the carretera El Puente (21°14'54.84"S, 65°18%8V) dinosaur tracks have been
observed, but no documentation exists (pers. cafriiedler 2019). The middle part of the
El Molino Formation at Camblaya contains a singkropod imprint with a pes length of 30
cm (Fiedler 2002).

Puente Vifa Vieja is another site northeast of Ggm#hat shows sauropod footprints that
require further study (Suarez-Riglos et al. 2018).

La Quemada is a locality mentioned by Suarez-Rigtad. (2018) that lies 15 km southeast
of Camargo. We have no information consideringatpe of this surface that, according to the
above authors, is trampled by dinosaurs. Thispnétation is very doubtful, and we consider

the irregular circular structures as negative dpiieof ball and pillow structures.

5. Conclusions

The Ariofilla and Chaunaca Formations of the Puoau@ contain a diversified dinosaur
ichnofauna consisting of different theropods, spads and ankylosaurs in an alluvial system
of an underfilled basin, one that has a large piateior future ichnological studies.

The overlying El Molino Formation is coeval withetWilquechico Formation of Southern

Peru and the Yacoraite Formation of Northern Argentand both sequences have a record of
dinosaur tracks (Figs. 15, 16). Their sedimentagusnces, as well as their vertebrate fauna
indicate deposition in an extensive balancedditd basingensu Bohacs et al. 2000). We

therefore regard the Late Cretaceous formatiorniesfe countries that contain recurring
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levels with dinosaur tracks as a megatracksaes(i Lockley and Meyer 2000) or “dinosaur
freeway,” and coin it the BAP (Bolivia/Argentinaffe@ megatracksite. The BAP has an
extent from North to South of more than a thoudalmineters and we estimate its minimal
size at around 100.000 KriThis is almost equal in size to the megatracksitmfthe Early
Cretaceous Glen Rose Formation in Texas that foimadidal flat setting. Megatracksites in
a fluvial setting like the Dakota Group in West€wolorado have a similar extent, whereas the
megatracksite of the Morrison Formation (lacustbasin setting) is much smaller than the
BAP megatracksite (Lockley 1991). All the knowresibf the BAP megatracksite seem to be
positioned along the shoreline and deltas of tlogean lake system, and so they might have
been part of a seasonal migration route. Becawselithate in most of the part of the BAP
megatracksite was arider (Souza Carvalho et alOR@ossibly migration towards the north
into more tropical zones during the dry seasonavagption.

The large single surface of Cal Orck’o shows no sifjherding in sauropods at all. Leonardi
(1994) mentions a surface from Toro Toro with ejgéutallel trackways of sauropods among
them two juveniles; unfortunately, no map of thte fias been published.

However, in both sites, only tracks of adult samagphave been documented so far. This
seems to corroborate the idea that sauropods moage classes and that adults tended to
move separately, as in the case of the sauroponstfre Late Jurassic of North America and
Portugal (Lockley et al., 1986, 1994).

Tracks and trackways of juvenile and adult nonyatititanosaurids are present from the
Santonian up to the Maastrichtian in several Itiealin the large back arc lacustrine basin of
the Central Andes (see also Meyer et al., 2018g.dccurrence of the basal titanosaur
Kaijutitan maui Filippi et al. (2019) together with eutitanosasri{@ilippi et al. 2019) in the
Late Coniacian of Patagonia, and possible trackvi@ys the Yacoraite Formation in
Argentina (Diaz-Martinez et al., 2017), corrobortite track record from Bolivia. Merging
these facts, we can now positively conclude thg-@mm presence of these sauropod families
from the Coniacian until the Late Maastrichtian.

Despite of their very poor skeletal record in Soeitherica (Novas 2009), tracks and
trackways of subadult and adult ankylosaurs arencomfrom the Coniacian until the Late
MaastrichtianMoreover,Console-Gonella et al. (2017) suggested the presaic
ornithischian tracks in the Maimara locality frohetYacoraite FormatioWe have
documented the first global record of herding bébrafor this dinosaur group. Ornithopods
(i.e. hadrosaurs and iguanodontians) are a rar@aoemt of the megatracksite and are so far

only known from the Cal Orck’o site. The presentegoanodontid footprints is corroborated
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by the record of the basal iguanodonfaenkauen santacrucensis from the Maastrichtian

Pari Aike Formation of Argentina (Novas et al. 2)Gdhereas hadrosaurid footprints are
known from the Yacoraite Formation of the Maimarédlity of Argentina (Diaz-Martinez et
al. 2016).

Looking at the different morphotypes and sizeshefapod tracks, they reflect the known and
diverse skeletal records from the continent. Smiadedium-sized theropods and large apex
predator theropods have been documented. The peesédromaeosaurids in different
localities and areas underlines the diversity efdhoup.

All'in all, the sequence of the Late Cretaceouslzac basin of the Central Andes, and
particularly in Bolivia, yields a continuous recarfidinosaur footprints from the Coniacian to
the Late Maastrichtian. It constitutes the mostangmt continuous continental record in the
Cretaceous of Gondwana and further demonstratésgheliversity of non-avian dinosaurs

until their final demise.

6. Perspectives

There still remains much to be done in vertebrett@alogy in Bolivia, and many important
sites are understudied for various reasons. Largesametimes remote areas of the
Cretaceous synclines need to prospect, such as th@amargo, Potosi and EI Molino as
well as the area adjacent to the Geoparque And#ibodo Toro. We think that the Toro Toro
syncline is the most promising spot for future ezsk because the levels can be easily
studied over a vast area, whereas in Cal Orck'spitkethe main level, all others remain
covered or are destroyed by quarry operationshEurtore, the Toro Toro area yields a
continuous record until the K/Pg-boundary. Moreotee Maragua syncline contains more
than 15 known tracksites that need to be documentaims of stratigraphy, sedimentology
and ichnology. We still hope that the ban for @ntgand doing research will be lifted before
the sites will be lost to science.

However, it would be of utmost importance to trarofessional Bolivian paleontologists that

could start to document their own rich geologicaiitage.
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Figure captions

Fig. 1: Map of Southwestern Bolivia and adjacentritdes with the main Cretaceous basins
(hatched limestone pattern). VC: Vilquechico, Tord@ Toro, CO: Cal Orck'o, MA:
Maragua, MF: Miraflores, CA: Camargo, YA: Yacoraite

Fig 2: Overview of litho- and chronostratigraphantext of the studied dinosaur tracksites
(adapted from Deconinck et al. 2000).1: Lirio MdWeyer et al. 2016), 2: Chaunaca 1
(Meyer 1998), 3: Chaunaca 2 (Meyer et al. 2016)Mdragua (D. Keremba/ O. Medina pers.
comm.), 5: Humaca (Lockley et al. 2002), 6: Cally¢Meyer et al. 1998, 2019), 7: Toro
Toro (Branisa 1968, Leonardi 1983, Meyer et al. DOPALE = Paleogene.

Fig. 3: Photographs of the purported largest theddpotprint from Nifiu Mayu (see
Apesteguia et al. 2016). A: Footprint before clagnB: Details of footprint showing the
supposed digit imprints (ruler: 80 cm), In A anddgjit IV looks like an erosional artefact
(separated from the track) that only looks likagtdvhen enhanced with water.

C: Footprint contrast enhanced with water, D: Tveak of a sauropod (LM = left manus,
LP= Left pes); imprint on the right side is the €aas in A and B. (Photographs courtesy of

Beimar Ramallo Sosa, Sucre).

Fig. 4: Map of Humaca tracksite (adapted from Legket al. 2002). A: Outcrop overview of
the track-bearing surface, B: Map of the surfaeg Wwas mapped in detail, C: Outline
drawings of selected footprints: a, b, ¢ = indiatimanus—pes sets from titanosaur trackways

1, 4, 6 (location see B) respectively, d = selethedopod footprints (note curved digit )
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(Location not shown in B), D: Rose diagram showtmg orientation of the 11 titanosaur

trackways.

Fig. 5: Tracksites and the type locality of the (i@ca Formation at Chaunaca (see also Fig
4). A: Overview of site 1 northeast of the bridger¢w points to sauropod trackway). B:
Track level with theropod tracks, C: Theropod tsaok the lower level. D: Overview of site
2 (arrow points at lower track level. E: Close-d@®@auropod pes imprint on a sandstone

surface (arrow in D). Dashed rectangles in A iniqaosition of photographs in C and D

Fig. 6: A: Overview of the Pujacata tracksite (tdromaeosaurid theropod trackways TR1
and TR2 are marked). B: Outline drawing of a lditlactyl dromaeosaurid pes track. (Photo

A courtesy of David Keremba Mamani).

Fig. 7: Cal Orck’o locality: Outline drawings, plogiraphs and false-color depth maps and
contour-lines (1mm spacing) four tridactyl therogatk morphotypes. First row:
Morphotype A, large theropod. Second row: Morpheti) medium-sized theropod. Third
row: Morphotype C small theropod, fourth row Morpyyee D: small avian theropod.

Fig. 8: Cal Orck’o locality: Outline drawings, plogiraphs and false-color depth maps and
contour-lines (1mm spacing) of track morphotypesstiFow: Morphotype E, titanosaurid
sauropod. Second row: Morphotype Ealorckosauripus lazari, non-derived titanosaur.

Third row: Morphotype G, large hadrosaur.

Fig. 9: Cal Orck’o locality: Outline drawings, plogiraphs and false-color depth maps and
contour-lines (1mm spacing) track morphotypes.tFow: Morphotype H, derived
iguanodontid. Second row: Morphotype | derived ipdontid. Third row: Morphotype K

Ankylosaur.

Fig. 10: Cal Orck’o locality: Overall trackway ontation of the main surface.

A: Pie chart of all trackways by dinosaur groups{CBerall direction of all trackways, C:
Walking directions of sauropods, D: Walking direcis of ankylosaurs, E: Walking direction
of ornithopods, F: Walking direction of small thpoals, G: Walking direction of medium and

large theropods, H: directions of gastropods (Melap.), |I: Paleoshoreline and paleocurrents
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derived from directions of gastropods and rippleksal: Complete surface of Cal Orck’o

with walking directions of dinosaurs (see also Segntary Data 9).

Fig. 11: Cal Orck’o locality: Parallel ankylosauatks from level 83. Arrows indicate the
direction of travel of the individuals, each aninsatepresented by a single or only a few
footprints A: Detailed section of the tracklevetsgin track level is CO 80; see also Meyer et
al. 2018) B: Photograph of the surface C: Analo@ wisthe parallel trackways D:

Intertrackway spacing (distance between trackways).

Fig. 12: Lirio Mayo tracksite: Photograph of thadk-bearing surface. Length of the scale
bars is 50 cm.

Fig. 13: Lirio Mayo surface: A: Photograph of righeropod footprint R1 of trackway 4,
arrow points to hallux impression. Bteinichnus sp. invertebrate traces. Scale bar in A and B

is5cm.

Fig. 14: Toro Toro syncline A: Medium-sized therdgoack from the main tracksite (right
pes; scale10 cm). B: Right manus and pes titandsatk assigned tGal orckosauripus

lazari from the main tracksite (scale bar is 1 m), see bé&onardi (1994, Plate VIII; 1a). C:
Aerial view of an ankylosaur trackway bifgabuechnium bolivianum from the Bridge site
(scale bar is 1 m, travel direction from bottondp), see also Leonardi (1994, Plate VII; 1a).
D: Left pes track of a small theropod with manicaph affinity, Rio T'ira Tani locality (scale
bar is 15 cm). E: Large theropod track (pen ish) ftom the Kuchu Rodeo locality (outside
of the map shown in Fig. 19; photograph courtesilfiinso Alem). F: Large theropod track
from the Cerro Huayllas site (H5; scale bar is &8.dG: Small theropod track from the Cerro

Huayllas site (H5; scale bar is 18 cm).

Fig. 15: Correlation of lithostratigraphic unitstiveen Northwestern Argentina, Bolivia and
Southern Peru (adapted from Sempere et al.1998keysee Fig. 3.

Fig. 16: Paleogeography and paleocurrents of the Ceetaceous basins in Bolivia and
adjacent areas with the main track localities (M&pr Riccardi 1988). VC: Vilquechico, TT:
Toro Toro, CO: Cal Orck'o, MA: Maragua, CA: Camaryé.: Yacoraite, HU

Humahuamaca.
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Supplementary data

Supplementary Data 1: Map of Bolivia and adjacenintries with indication of dinosaur

localities (Map base from Riccardi 1988).

Supplementary Data 2: Map of the Maragua syncliitle lwcalities mentioned in the text
(Satellite map inset: © ESRI.

Supplementary Data 3: Lirio Mayo tracksite. A: Looa. B: Geological section. C: Analog

map of the main surface D: Rose diagram showingtieatation of 10 theropod trackway.

Supplementary data 4: Lirio Mayo surface: falseacdlepth maps and contour-lines (Imm
spacing) of the track-bearing surface.

Supplementary data 5: Lirio Mayo surface: falsescdlepth maps and contour-lines (1mm

spacing) of the right theropod footprint R1 of kaay 4.

Supplementary data 6: Map of the Toro Toro arel miain track localities (written in bold)
(data from Meyer et al. 2019). H1-H5 = Cerro Huaylbites 1 to 5.

Supplementary data 7: Site assessment of the Calddracksite drawn from a photograph
in 1998 (sector 1000m — 1250 in map 2015).

Supplementary data 8: Second map of the Cal Ottchaksite drawn from data collected in
1998 and 2002 (Mark 470 m corresponds to Mark 180 map 2015)

Supplementary data 9: Final map of the Cal Orcidcoksite drawn from all data collected

until 2015. Base map is a georeferenced equalidbdmhotograph.
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Highlights

New dinosaur tracksites are described from the Bapéento Chuquisaca and Potosi
A complete map of the largest dinosaur tracksit @ck’o, Sucre) is given.

Peru, Bolivia and Argentina form a megatracksitéhim Late Maastrichtian.

The Toro Toro site yields a continous record uhi@ K/Pg boundary.



