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Mammalian trackways in the Conglomerato di Osoppo (Udine, NE Italy)
and their contribution to its age determination
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ABSTRACT - Mammalian trackways discovered in the Conglomerato di Osoppo (Osoppo, Udine, NE Traly) are de-
scribed, Hipparson, a probable large bovid and a probable small rhinoceros have been identificd as trackmakers. These
rrackways, especially those ascribed 1o Hipparion, permit dating of the upper pant of the Conglomerato di Osoppo
on a biestratigraphic basts. It is most probably post-cvaporitic Messinian | Turclian),

Key words: Tertiary mammalian tracks, Hipparion, bowid, rbinoceros, Conglomerato di Osoppe, Late
Miocene, Post-cvaporitic Messinian, Turoltan, Friali, NE Italy,

RIASSUMTO - [Pisre di Mammiteri nel Conglomeraro di Osoppo (Uiding, Ttalia nordorientale) e il lara coneriburne al-
la sua datazione] - Vengono descritte aleune piste di mammiferi scoperte nel Conglomerato di Osoppo (Gsoppo, Udi
me, ME [talv). Hippardon, un probabile grosse bovide e un probabile piccolo rinoceronte sono st identifican come
rrackmakers, Queste piste, sopratiuito quelle di Hipparion, permettono una datazione su base biostratigrafica della par
te alta del Conglomerato di Osoppo, che risale con maggiore probabilin al Messiniano post-evaporitico { Turoliano).

Parole chiave: Impronte di Mamimifers tevziars, Hipparion, bovide, rivoceronte, Conglomerato df
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Ovoppo, Mioceste superiore, Messintano post-cvaporitico, Taroliano, Frouls, talta nordovientale.

INTRODUCTION

The Colle di Osoppo (Osoppo hill) (310m asl Jisa
feature rising from the upper Friuli plain, on the cast
bank of Tagliamento River, near the town of Osoppo
{Province of Udine, Friuli-Venezia Giulia Region, North-
eastern Iraly) (Fig. 1), During summer 1994, Umberto
Lenuzza and Ivano D'Aronco, residents of Osoppo, iden-
tified several depressions clearly organized in rrackways
on a bedding surface exposed at the top of the hill. The
exposure was created as part of excavations made during
the restoration of the old fort damaged by the earthquake
of 1976,

They reported the news to the Museo Friulano di Sto-
ria Maturale of Udine, where one of the authors (F.M.
Dralla Vecchia) is a coliaborator. The Museo Friulano di
Storia Maturale, represented by the curator of the Geo-
paleontological section, supported the study of the site
and the preparation of this paper. F.M, Dalla Vecchia
mostly devoted himself to the study of the geological -sed-
imentological and palaecichnological aspects and M.
Rustioni to the study of the mammalian assemblage and
biochronology. General observarions and conclusions are
jointly from the two authors.

This is the third record of Cenczoic mammalian prints
reported in ltaly; Portis {1879} described mammalian
tracks in the Eocene rocks of Piemonte (NW Ttaly) and
Bocchini & Coltorn (1978} reported cave bear tracks in
Ouaternary cave sediments at Frasassi (Marche), The re-

port of Migliorini (1947} of Eocene footprints in the Albe.
rese of Pontassieve (Florence) was shown to be incorrect
{Parca, 1964}, Fossil mammalian trackways are rather rare
worldwide compared to those of reptiles, particulacly di-
nosaurs {Sarjeant, 1987,

Acronyms: A pace angulation; T track depth; Litrack
length; Le: effective track length; M: media; P: oblique
pace lengeh; 5 steide; TW: rackway width; W track
width; We: etfective track width, For the meanings of the
terms, see figure 5 and figure 9. We assume that, in the
case of the prints ascribed wo Hippardon, Le and We refer
to the print of digit 111 (hoof); Le and We are respective-
ly the length and the width of the whole foot, including
dlgiL5 IT aned TV (gee FJ'H. o, L and W reler to the whole
deformed surface, Pace angulation was caleulated using
the formula given by Thulborn (1990, p. 86, 4.1},

GEOLOGICAL AND SEDIMENTOLOGICAL SET.
TING

The Osoppo Hill is mostly formed by fluvio-lacustrine
conglomerates whose stratigraphic position has, unril
now, been subject to various interpretations, Following C.
Venturini (1992, p. 48, here translated from Italian} "the
Conglomerato di Osoppo could probably represent a
proximal fluvie-torrential facies (and occasionally lacus-
trine) coeval and eteropic with deltaic deposits of Tarton-
tan age deposited more southwards. 7, 5. Venrurini & Tu-
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Fig. 1 - Location of the printed surface (asterisk} tafter Ventuo-
rini ., 1992, modified), Legenda: 1= pre-Wiem landslide; 2 =
Conglomerato di Ogoppo; 3 = “sabbie gialle quarzose” [vellow
siliceous sandsl; 4 = faults; 3a = clinestratification {delaic fo-
resets), b = bedding.
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Fig. 2 - Seeatigraphical section of the outcrap: the arrow indi-
cates the princed layer, Scale bar = | metre.

nis {1992) dated the *Conglomerato di Osoppo™ as “Ear-
lv Pleistocene (717 on the basis of clast composition, which
contrasts strongly with those of the Miocene conglomer-
ates {Upper Tortonian-Messinian) of the nearby Susans
and Ragogna hills. Recently, Viaggt and 8. Venturini
(1993] found the ostracods Cyprideds pamnonica and Loz
acorca sp. in the vellow sandstones at the SW base of the
hill, behind the church of Osoppo (6f, Fig, 1); they date
this lower section to the post-evaporitic Messinian (“fa-
cies lago-mare”, Pontian).

The stratigraphic secrion exposing the rrackways is lo-
cated at the top of the hill, along its southern aspect {Fig,
1}. Ar the base there is 3 conglomeratic laver at least 50
cm thick (the basal part is not exposed), with millimetric
{gravel), mainly carbonate clasts, This layer is covered by
20-22 cm of yellowish, very thinly bedded fine arenires -
siltstones; a tabular conglomerate layer with millimetric-
centimetric clasts {gravel-pebbles), 30:30 cm thick, fol-
lows. Above, there are conglomerates with centimetric
(pebble), mainly carbonate clasts, with inclined bedding
dipping at a low angle (10°-13°W) (Fig, 2],

Topographically, the basal conglomerate is a shallow
hump bordered by two NE-5W oriented depressions
formed by rills, The more eastern rill widens markedly
from NE (20 cm) to 8W (135 em). The deposition of the
fine arenite - siltstone represents an episode of lower en-
ergy; perhaps the zone became a place for settling during
floods, lateral to the main stream of the river. The first
event of fine sediment deposition above the basal con-
glomerate is represented by a chin laver 1.5-2 cm thick, Iv
is a fine arenite with predominantly quartz and carbonate
clasts, rare muscovite and feldspars, well sorted and with-
out evident internal lamination. In the basal part of the
layer, at the abrupt junction with the underlying con-
glomerate, we ohserved a decidedly finer grain size (silt),
Some middle to large sized mammals printed the upper
surface of this thin layer. The weight transmitted by the
feet distorted the layer, deforming the as vet uncemented
underlying gravel.

The printed surface shows thin ripples elongated nor-
mil to the flow direction of the rills; they are visible in its
M-NW and W part, corresponding to the shallow depres-
sion, They testify to the existence of water currents. There
are also drag marks probably made by small remains of
drifting plants. On the same bedding plane, mainly in the
W and N-NW part, there are mud cracks confined ro the
uppermost part of the printed level; they are reminiscent
of the mud cracks formed in puddles where only a sheet
of mud has been deposited. The mud eracks are ar the
margins of the depression while the ripples are in s deep-
er, central part, This means that these sedimentary strue-
tures formed when the water was streaming in the central
part and the flanks were subject to drying, Therefore the
water depth was only 2-3 ¢m, corresponding to the dif-
ference in height berween the bottom and the flanks of the
rill. During the deposition of the succeeding fine sedi-
ments there was a sinking of the gravel hump and the first
arenitic layer along the southern flank of the outcrop,
Here, the thin laver bends shruptly downward and is cov-
ered by a paraconglomeratic [gravel with abundant coarse
arcnitic matrix} bed. The sinking was probably due to the
deposition of the sand-gravel sediment itself. A conglom-
eratic, tabular layer covering the arenites-siltstones uni-
formly along the northern side of the outcrop testifies 1o
a remarkable increase of environmental energy, A con-



glomerate body 2.3 meters thick, with sloping bedding
surfaces lies above this; it suggests the prograding of a
small lacustrine delia fan or, more probably, of 2 mean-
der point bar (see C. Venturini (1992},

PALAEONTOLOGICAL DESCRIPTION AND
INTERPRETATION

The dimensions of the printed surface are 14 x 7.5 m,
At least five trackways and some apparently isolated
tracks can be identified (Figs 3, 4). All the trackways have
a similar orientation, corresponding approximately to that
of the rills: SW-NE. Just a few tracks are preserved as true
tracks, while the others are more or less defined and deep
undertracks, impressed into the basal conglomerate.
Some are midway between true tracks and undertracks
since the arenite has been heavily eroded. To avoid more
complication here they are considered as true tracks. Each
trackway 1s marked by an acronym made by the letters Os
iDsoppo) and a number; cach track is marked by this ac-
ronym followed by a number referring to the locomote-
ry sequence of the animal (for example, 053-2 is the sec-
ond footprint of the trackway Os3).

Three decidedly different morphologies are present
among the footprints, identifying three different kinds of
animals.

11 Belatively large track, as long as wide or slightly wid.
er than long in the better preserved specimens {the best
one [Ds1-3] has Le: 15.5-17 cm, We: 20 cm; Tab. 4), deep
tidem, D 6 cm}; tridactyl, mesassonic with very short dig-
it prints, apparently pointed in Os1-3 (Fig. 6) and a large
“hee]”. This morphology is present in the rrackway Os1.

Features of rrackway Os1 (Fig. 4): it consists of 7 tracks
of the pes, since there is total overlapping 1o the smanus
prints (perhaps partial only in Os1.7), Therefore the an-
imal was walking on its own prints {overlap) giving the im-
pression that the trackway was made by a biped. ltis 5.6
metres long. The first foorprines are true tracks (Os1.3 is
nearly an undertrack), the others are undertracks, P rang.
es 69-107.5 cm, with M: 24.7 cm (Tab. 1), 5: 158-198 cm
with M: 1869 cm {Tah. 2}, A: 143.2°- 160.1% (Tah. 2; the
trackway seems to be rather narrow (TW: 12 - 31.5 em;
Tab. 3); the direction is 46°, Qutward rotation is present.
The undertracks Os1-4/7 are very badly preserved and are
non-diagnostic. They are attributed to trackway O1 be-
cause they are in line with the first three tracks and they
have similar sizes {they are highly weathered, therefore the
preserved part is essentially the deepest onel, Instead, the
prints of morphology 3 (see below) which Osl-6e Os1.7
vaguely resemble, are decidedly smaller. Their similarity
with morphology 3 is probably due 1o the sinking of the
sediment in the posterior part of the footprint occurring
when the pes was withdrawn, This sinking is also present
in a lesser way in Os1-2 and 3.

The trackway shows rather inconstant parameters. P
increases strongly and progressively in the first tracks (69,
93.3, 107.5 cm) stabilising around 100 cm. This strange
hehaviour is present at the edge of the bar that successive-
ly sank and the shallow rill, poing to the higher part of the
gravel bar: on the top of the bar P becomes more regular.
Therefore, the initial shortening of F and the correspond-
ing slowing of the gait could be due to the presence of a
small, local peomorphological unevenness, The animal
was the last to walk on the scene, as shown by the defor-
mation caused by Osl-3 on 0s2-2 {see below).
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Trackmaker: a tridacty]l perissodactyl; the footprint
maorphology is reminiscent of that of a thinoceros pes, al-
though digit prints of Os1-3 are pointed instead of being
distally widened and rounded as in footprints attributed
to rhinoceros (¢f. for example, Challee, 1943, pl T; Guérin
& Demarthieu, 1993, figs 2.3; Kordos, 1983 figs 14-16 and
pls VII-X1I; Leonardi, 1987, pl. 11, fig. C; Robertson and
Sternberg, 1942, fig. 2}, However, this morphoelogical
difference could be caused by the sinking of the sediment
into the track after formation and is decidedly less marked
in (s1-1 and Os1-2, Furthermore, foot morphology (elon-
gation, digit shape) is different even among living rhi-
noceros species (Leakey, 1987). An outward rotation is
present as in the rhinoceros trackway figured in Leonar-
di (1987 pl. 11, fig. C}. The trackways of extant (M. Rustio-
ni, pers. obs.) and fossil (Leakey, 1987) rhinoceros are
rather narrow, as in trackway Osl. This was made by a
relatively small-sized individual compared to extant and
most of fossil rhinoceroses. There is also the possibility
that the trackmaker could have been a tapir, whose foot
is also tridacty] (see Boehm, 1898, figs 1-2) with pointed
toe prints (Chatfes, 1943), However, tapirs have s smaller
size, 4 less compact foorpring morphology with more slen-
der digit prints and smaller “heel” print (Boehm, 1898,
tigs 1-2). The gait was a slow walk (cf Leakey, 1987, p.
451).

2) shallow ([ 1-3 cm) track with a poorly defined mor.
phology with a clear rectangular-oval outline slightly long-
er than wide and the presence of two longitudinal, par-
allel, elongated depressions separated by a ridge (Fig. 7).
These features point 1o 2 foor functionally bidactyl pro-
vided with hooves, The depressions have a convex outer
margin and a concave inner one. The general outline is
nearly circular in Os2-4/5 but more rectangular in Os2.
3. Lis24.5 cm, Wi 19 cm; Le: 13.5-14 cm, We: 12 cm in
the best preserved print (Os2-3) (Tab, 5). This morphol
ogy is observed in the trackway Os2,

Features of trackway Os2 {Fig. 4): this trackway con-
sists of 12 consecutive tracks but Os2-8 and Os2-10 are
not preserved because of erosion or because they were
weakly printed; it is 10.3 metres long. The overlapping
seems to be total, with the preservation of pes print, and
the trackway seems to have been made by a bipedal ani-
mal. The first three and the last prints are true tracks, the
others are undertracks. P is rather regular, ranging 94 to
105 em with M: 99 cm (Tab. 1); 5: 168-188 cm with M:
182.1 cm (Tab. 2), A; 141.37 - 143.1° (Tab. 2), TW: 26-
37 cm (Tab, 3); direction: 80°, Slight inward rotation.
57/9 appears to be anomalously short compared to the
others but here the lraq:kwﬂ_-,.l i5 rxl.rc:m::l:.r hadl}r prg:stnrc:d.
D2 was deformed by the nearby footpring Os1-3, there-
fore the scene was passed by the trackmaker of Os2 be-
fore the passage of the presumed rhinoceros.

Trackmaker: large sized artiodactyl, probably a bovid
since the footprines are only slightly clongated, even if the
external profile of the print is more rectangular than cir-
cular as in Bos (¢f. Bang & Dahlstrom, 1977). Alternative-
Iy, it could be a large cervid but this is not supported by
the most probable age of the prints (see below), The gait
was 2 walk.

5) track with a smaller size in respect 1o others and with
a peculiar morphology which can be clearly observed in
the best preserved specimens. There is a really deep (D:
6-4 cm in the tracks), central, anterior depression with a
rectangular shape (Le: 7.5-8 cm, We: 6.5-8.5 in the best






























