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INTRODUCTION
Dinosaur Cove in the Lower Cretaceous of the Eumeralla 

Formation (Otway Group) of Victoria, southeastern Australia (Fig. 1) 
is one of Australia’s best-known Mesozoic fossil vertebrate localities 
(Rich and Rich, 1989b; Wagstaff and McEwan Mason, 1989; Dettmann 
et al., 1992; Rich and Vickers-Rich, 2000; Rich et al., 2002). Vertebrate 
fossils first discovered at this locality around 1980 catalyzed subsequent 
excavations, including the excavation of a tunnel complex into the sea-
cliff at the “Slippery Rock Site” that increased access to fossil-bearing 
strata (Flannery and Rich, 1981; Rich and Rich, 1987, 1989b, a; Rich 
and Vickers-Rich, 2000) (Figs. 1, 2). 

A diverse fossil vertebrate assemblage has been reported from 
Dinosaur Cove, including actinopterygian, chelonian, crocodyliform, 
dipnoan, monotreme, non-avian dinosaurian, plesiosaur and pterosaur 
remains (Rich and Rich, 1988, 1989b; Gross et al., 1993; Currie et al., 
1996; Rich and Vickers-Rich, 2000, 2003; Barrett et al., 2010; Benson et 
al., 2010, 2012). Footprints, discovered on an isolated block during the 
course of the present investigation (Museum Victoria [MV] P231650), 
have also been ascribed to avian and non-avian theropods (Martin et al., 
2014). Although the majority of vertebrate body fossils from Dinosaur 
Cove have included disassociated remains (isolated bones and bone 
fragments), rare associated remains (articulated or con-sutured skeletal 
remains) were excavated from one site in the tunnel complex that 
came to be known as the “First Cross Tunnel” or “Slippery Rock Cross 
Tunnel” (Gross et al., 1993; Rich and Vickers-Rich, 2000, figs. 34, 44) 
(Fig. 2, Pl. 1). 

The first associated skeletal remains from the First Cross Tunnel 
were discovered in 1987. These included a left side cheek fragment that 
formed the Leaellynasaura amicagraphica holotype (P185991; Fig. 
3), a small cranial table (P185990; Fig. 4), a small partial postcranium 
found in two parts (P185992 and P185993; Fig. 5A) and two partial 
fish skeletons (an actinopterygian and a dipnoan) (Rich and Rich, 

1988, 1989b; Gross et al., 1993). According to Rich et al. (2010, p. 
6), all of the associated vertebrate fossils extracted from the site were 
reportedly hosted by a fossil-bearing horizon of “very fine sediments” 
that conformably overlies a fossil-bearing polymictic conglomerate. 
The underlying conglomerate reportedly hosted all of the disassociated 
vertebrate fossils from the site (Gross et al., 1993; Rich et al., 2010). The 
cranial table (P185990) and the partial postcranium (P185992/P185993) 
were subsequently referred to Leaellynasaura amicagraphica, as they 
were assumed to be additional parts of the holotype individual (Rich 
and Rich, 1989b). 

The attribution of the cranial table (P185990) and partial 
postcranium (P185992/P185993) to the Leaellynasaura amicagraphica 
holotype significantly contributed to the diagnosis and anatomical 
interpretation of this taxon. For example, the enlarged optic lobes 
apparent on the brain endocast of the referred cranial table contributed 
to the interpretation of Leaellynasaura amicagraphica as a “dinosaur 
of darkness,” pre-adapted to prolonged periods of winter darkness in 
the paleo-Antarctic circle (Rich and Rich, 1989b; Rich and Vickers-
Rich, 2000). Features on the femur of the referred partial postcranium 
were further used to refer several isolated femora to Leaellynasaura 
amicagraphica and helped to distinguish this taxon from other small 
Australian ornithopods that are known from the femur, notably 
Fulgerotherium australe and “Victorian Hypsilophodontid Femur Type 
2” (Rich and Rich, 1989b; Rich and Vickers-Rich, 1999, 2000; but see 
Agnolin et al., 2010, on the status of Fulgerotherium australe).

Support for the attribution of the cranial table (P185990) and 
the partial postcranium (P185992/P185993) to the Leaellynasaura 
amicagraphica holotype has been underpinned by a combination of 
anatomical and taphonomic arguments. Anatomically, the sizes of the 
specimens have been considered comparable to the anticipated size 
of a single individual (Rich and Rich, 1989b; Rich and Vickers-Rich, 
2000; Rich et al., 2010), while taphonomic support for these referrals 
has centered on the sedimentological interpretation of the fine-grained 

Abstract—The holotype individual of the small-bodied ornithopod dinosaur, Leaellynasaura amicagraphica from 
Dinosaur Cove in the Lower Cretaceous of Victoria, southeastern Australia, traditionally comprises the holotype, 
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a partial postcranium (P185992, P185993), discovered at the same site and at about the same time as the holotype. 
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anatomical arguments for its status as a “dinosaur of darkness,” pre-adapted to existence in the Antarctic polar circle. 
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amicagraphica holotype was based on the assumption that the sizes of the specimens were comparable, and 
the interpretation of the facies in which these associated fossils accumulated as a quiet-water deposit, such as 
an oxbow lake, billabong or pond. The inferred low-energy depositional conditions were used to suggest that 
associated material, other than that attributable to the holotype, was unlikely to be present in the facies hosting 
the holotype individual. However, a detailed sedimentological study supporting the interpretation of a quiet-water 
deposit hosting the Dinosaur Cove material is lacking, and the presence of a larger second partial ornithopod 
postcranium (P186047) in the same deposit, seems contradictory to arguments that all of the scattered associated 
skeletal specimens from this site are attributable to the Leaellynasaura amicagraphica holotype. 
 Our revised sedimentological investigation indicates that all vertebrate remains from the Leaellynasaura 
amicagraphica holotype locality were deposited under active hydraulic flow on a migrating point bar in a 
meandering river. We term the host deposit the “Tunnel Sandstone.” As a result of this new interpretation, we 
regard the total vertebrate fossil assemblage from this site as time-averaged, and interpret the associated ornithopod 
remains as an allochthonous accumulation of up to four separate individuals, some potentially with unknown 
taxonomic affinities. Without unequivocal anatomical evidence of skeletal association, we regard the traditional 
attribution of the scattered cranial table and partial postcranium to the Leaellynasaura amicagraphica holotype 
as inadequately supported. We consider the referral of any specimen to Leaellynasaura amicagraphica should 
contain features that are compliant with those features on the holotype cheek fragment or other conclusively 
referred specimens.
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sediments hosting these fossils as deposited in a discrete, quiet-water 
setting such as a billabong, oxbow lake or pond (following Gross et al., 
1993; Rich and Vickers-Rich, 2000, fig. 6; Rich et al., 2010). 

This taphonomic evaluation was conveyed by Rich et al. (2010 
pp. 11), who argued that “the low energy nature of the depositional 
environment, [suggest] it is unlikely that articulated and non-duplicating 
specimens currently assigned to Leaellynasaura amicagraphica would 
have been derived from more than one individual [presumably the 
holotype] in a deposit where fossils were uncommon.” This assessment 
built on Rich et al. (2010, p. 6), who considered it “…unlikely that 
several groups of articulated bones from different individuals [other 
than the holotype individual of Leaellynasaura amicagraphica] would 
have accumulated in one restricted area and nowhere else in the 
immediately surrounding rock of the same facies,” which reiterated 
Rich et al. (1999, p. 172), who considered: “As fossils are extremely 
rare at the [Leaellynasaura amicagraphica] holotype locality in the 

facies where these specimens [attributable to the holotype individual] 
occurred, these associated bones almost certainly belong to one 
individual.” The combination of these interpretations aimed to suggest 
that under the low-energy conditions interpreted for the facies hosting 
the Leaellynasaura amicagraphica holotype, the scattered associated 
specimens attributed to this holotype were unlikely to derive from 
any other individual(s) (of the same taxon or other taxa) that might be 
introduced by greater hydraulic flow. 

In this context, Leaellynasaura amicagraphica has constituted 
a “taphotaxon” (Lucas, 2001)—a taxon whose diagnostic features 
additionally derive from scattered materials attributed to the holotype: 
assignments of which derive from a taphonomic interpretation 
supporting their association.

In 1989, two years after the discovery of the Leaellynasaura 
amicagraphica holotype, a second partial ornithopod postcranium 
(P186047; Fig. 5B), larger than the first, was discovered in the 

FIGURE 1. Location of the vertebrate fossil sites at Dinosaur Cove in southern Victoria. A, Map of Australia showing location of Dinosaur Cove 
relative to the city of Melbourne, with inset showing the Otway region. B, Image of Dinosaur Cove looking west. C, Map of Dinosaur Cove 
showing locations of the main fossil sites and inset showing the Slippery Rock tunnel complex at the end of March 1991 (redrawn from Rich and 
Vickers-Rich, 1994, p. 9; 2000, fig. 44). D, Image of the Slippery Rock site. Arrows in B and D indicate the tunnel complex. 
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FIGURE 2. Map of Slippery Rock tunnel complex at the end of March 
1991 (redrawn from Rich and Vickers-Rich, 1994, p. 9; 2000, fig. 44) 
showing the locations of three hand specimens (S1, S2, S3): S1, from 
the boundary between units 2 and 3; S2, within 0.2 m of the Tunnel 
Sandstone base; S3, between 0.4 to 0.5 m above the Tunnel Sandstone 
base.

Slippery Rock Cross Tunnel (Gross et al., 1993). According to Gross 
et al. (1993 p. 286), this second postcranium was buried in the same 
“billabong” deposit as the specimens attributed to the Leaellynasaura 
amicagraphica holotype (see also Rich et al., 2010, p. 6). This second 
partial ornithopod postcranium was originally assigned by Gross et al. 
(1993) to the femoral taxon “Victorian Hypsilophodontid Femur Type 
1” (Rich and Rich, 1989), and later was tentatively suggested to be an 
individual of Atlascopcosaurus loadsi (Vickers-Rich and Rich, 1999, 
figs. 149, 150). More recently, this partial ornithopod postcranium has 
been considered attributable to Leaellynasaura amicagraphica (e.g., 
Rich and Vickers-Rich, 2000; Rich et al., 2010), presumably based 
on features of the femur shared with those on other femora referred to 
Leaellynasaura amicagraphica. Herne (2009) additionally noted that 
morphologically, the haemal spines on this larger partial postcranium 
(P186047) resembled those on the smaller partial postcranium 
(P185992/P185993) referred to Leaellynasaura amicagraphica.  

Given the discovery of the larger second partial postcranium 
(P186047) in the same “billabong” facies at the Slippery Rock Site as 
the Leaellynasaura amicagraphica holotype, the argument of “rarity” 
of the scattered additional associated skeletal material attributed to the 
holotype seems contradictory. However, in defence of this traditional 
assumption, the lack of duplicating or overlapping bones between 
the four specimens attributed to the Leaellynasaura amicagraphica 
holotype (sensu Rich and Vickers-Rich, 2000), as well as their sizes, 
seem supportive.

In 1989, at about the same time as the discovery of the larger 
partial ornithopod postcranium (P186047), a fused set of left and right 
neotetanuran pubes (P186046; Fig. 6) were discovered in the tunnel 
complex at Slippery Rock. These pubes have been variously considered 
an ornithomimosaurian (Currie et al., 1996 p. 73, while noting the 
alternate specimen number P186058), a stem tyrannosaurid (Benson 
et al., 2010), an indeterminate neotetanuran (Herne et al., 2010), a 
coelurosaurian tyrannosauroid (Benson et al., 2012) and a possible 
megaraptorid (Novas et al., 2013). It is of note that the burial context of 
these pubes relative to the partial postcranium (P186047) has not been 
published, and the sediments hosting either of these specimens have not 
been specifically described

Even though the holotypic referrals of Leaellynasaura 

amicagraphica have been underpinned by the taphonomic assessment 
of a quiet-water depositional setting, lithological assessment of the 
sediments hosting these associated vertebrate remains has only been 
superficial, and a detailed stratigraphic study of the exposure in support 
of a quiet-water deposit has been lacking. Of the sediments hosting the 
associated dinosaur specimens from Slippery Rock, only those hosting 
the cranial table (P185990) have been described, albeit superficially 
(Rich et al., 2010, fig. 5). 

As the materials assigned to Leaellynasaura amicagraphica 
have constituted the most anatomically complete, small-bodied 
ornithopod known from Australia, confidence in the materials 
assigned to this taxon is important to the taxonomy and systematics 
of the Australian ornithopods, as well as phylogenetic assessments of 
ornithopod interrelationships that include Australian taxa. Our concern, 
and the reason for this present work, is whether or not the previous 
sedimentological assessments of the Slippery Rock deposit support 
the taphonomically based attribution of the cranial table (P185990) 
and partial postcranium (P185992/P185993) to the holotype of 
Leaellynasaura amicagraphica, MV P185991. If, for example, the host 
sediments represent a higher-energy deposit, can the traditionally held 
status of Leaellynasaura amicagraphica still be supported? 

This investigation reappraises the taphonomic arguments 
previously used to support the status of the materials assigned to 
Leaellynasaura amicagraphica. This will be achieved through 
investigation of the stratigraphy and sedimentology of the Slippery 
Rock Site and lithological examination of the fossil-hosting sediments.

GEOLOGICAL SETTING 
During the Early Cretaceous, volcaniclastic sediments shed from 

an active pyroclastic volcanic province on the eastern Australian 
plate margin (the “Eastern Australian Volcanic Province”; Pl. 2) were 

FIGURE 3. The holotype of Leaellynasaura amicagraphica (P185991) 
in left lateral view. A, Originally described portion (Part I). B, New 
portion and fossil hosting block (Part II; white dashed line indicates 
vertical section shown in Pl. 9; arrows indicate left lacrimal and dorsal 
portion of left jugal). The left side of the cranium is facing downwards. 
Scale increments in A equal 1 cm.
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deposited over the sagging crustal extension between Australia and 
Antarctica as multistory sheetflood and braided river channel complexes, 
up to 200 m thick, separated by overbank sequences up to 100 m thick 
(Ludbrook, 1971; Willcox and Stagg, 1990; Bryan et al., 1997; Felton, 
1997a; Tosolini et al., 1999). Three west-to-northwest trending basins 
systems—the Otway, Bass and Gippsland basin systems—formed on 
the northeastern margin of the Australian-Antarctic rift system (Willcox 
and Stagg, 1990; Bryan et al., 1997; Felton, 1997a, b; Duddy, 2003) 
(Fig. 7, Pl. 2). Minor sediment input laid down in overlapping detrital 
fans was also supplied by Paleozoic basement rocks at the edges of the 
rift graben (Gleadow and Duddy, 1981; Duddy, 1983; Felton, 1997b; 
Mitchell, 1997; Duddy, 2003). Fossil-bearing strata in the Wonthaggi 
Formation (Strzelecki Group) of the Gippsland Basin System and the 
Eumeralla Formation (Otway Group) of the Otway Basin System, 
crop out in sea-cliff and shore platform exposures on the south coast 
of Victoria, south of the city of Melbourne (Wagstaff and McEwan 
Mason, 1989; Felton, 1997b; Constantine, 2001; Duddy, 2003; Seegets-
Villiers, 2012) (Figs. 1, 7).

According to Duddy (2003, p. 250), depositional environments 
of the Eumeralla Formation ranged from sluggish meandering river 
systems that deposited finer-grained sediments to higher-energy fluvial 
systems that deposited coarser-grained channel sands within a spectrum 
of finer-grained floodplain deposits. Palynological work by Wagstaff 
and McEwan Mason (1989) places the fossil-bearing sediments of the 
Eumeralla Formation within the Crybelosporites striatus Subzone of 
Helby et al. (1987), which is further estimated as upper–late Aptian to 
lower–middle Albian (~115.5–110.4 Ma: based on Partridge, 2006, who 
utilized the geological time scale of Gradstein et al., 2004, and updated 

herein for sub-stage using Ogg and Hinnov, 2012, while noting that the 
dinocyst and spore-pollen zone ages indicated in Partridge, 2006, and 
shown in Plate 3, remain unrevised). A paleopositional reconstruction 
of East Gondwanan landmasses for the Aptian–Albian (~113 Ma; Pl. 2) 
using GPlates (Müller et al., 2012; Seton et al., 2012; Williams et al., 
2012), places southern Victoria at 65º30’S, 119º28’E, and thus, near the 
edge of the Antarctic polar circle (~66º 33’S). 

LOCALITY INFORMATION AND PREVIOUS 
SEDIMENTOLOGICAL ASSESSMENTS

Dinosaur Cove (Fig. 1C) comprises three main fossil sites: the 
easternmost site of Slippery Rock (38˚46’S,143˚24’E), within which 
the Slippery Rock tunnel complex was driven into the sea cliff (Rich 
and Rich, 1989b; Rich and Vickers-Rich, 2000); Dinosaur Cove East 
(also known as the “Lake Copco site”), located ~45 m northwest of 
Slippery Rock (38˚46’S, 143˚24’E); and Dinosaur Cove West, located 
~160 m due west of Slippery Rock (Fig. 1B; 38˚46’S, 143˚24’E). 

The tunnel complex at Slippery Rock (Fig. 2, Pl.1) comprises two 
main tunnels, East and West, that were driven approximately north into 
the cliff face, and two cross tunnels parallel to the cliff face between the 
East and West tunnels (Rich and Vickers-Rich, 2000). The First Cross 
Tunnel is the southernmost (i.e., nearest the cliff face), and the column 
of rock between the First Cross Tunnel and the cliff face was referred to 
as the “Pillar” (Rich and Rich, 1987 p. 4; 1989b; Rich and Vickers-Rich, 
2000 fig. 22; Rich et al., 2010 fig. 3). At the completion of the tunnel 
excavations in 1991, the southern portion of the First Cross Tunnel was 
filled with structural concrete, which facilitated the complete removal 
of the rock pillar (Rich and Vickers-Rich, 2000). The tunnel entrances 
have now been blocked for safety. However, a small remnant knob of 
the original rock pillar can be still accessed in an alcove created by the 
removal of the rock pillar (Fig 2). 

All of the associated and disassociated vertebrate fossils from the 
Slippery Rock Site were excavated from within the basal 0.4 m of the 
tunnel complex and rock pillar (based on reports of Rich and Rich, 
1989b; Gross et al., 1993; Rich and Vickers-Rich, 1999; Rich et al., 
2010). No vertebrate fossils were reported above this level.

Rich et al. (2010) considered that the sediments forming the 
basal 0.2 m of the unit excavated in the tunnel complex and original 
rock pillar (see also Gross et al., 1993) were laid down in a crevasse 
splay resulting from avulsion of a channel during the initial stages of a 
flood. These sediments, described by Rich et al. (2010) as a polymictic 
conglomerate, reportedly hosted all of the disassociated vertebrate 
fossil remains extracted from the locality. These coarse sediments at 
the unit base reportedly fine upwards over a further vertical distance 
of ~0.3 m into “very fine sediments” (Rich et al., 2010, p. 6) of the 
laterally restricted “billabong” deposit, reportedly only exposed in the 
First Cross Tunnel (following Gross et al., 1993; Rich and Vickers-
Rich, 2000; Rich et al., 2010). 

The associated ornithopod remains from the First Cross Tunnel 
(i.e., the holotype individual of Leaellynasaura amicagraphica and 
the second partial postcranium P186047; Figs. 3-5) were reportedly 
excavated from and restricted to these very fine-grained sediments 
(sensu Gross et al., 1993; Rich and Vickers-Rich, 2000; Rich et al., 
2010). Gross et al. (1993) described these fossil-bearing sediments as 
~1 cm thick beds of intertonguing sandstone and claystones, while Rich 
et al. (2010) described the same horizon as “an interdigitating series of 
relatively massive fine-grained sandstones, siltstones and claystones.” 
Rich and Vickers-Rich (2012) further described these sediments as a 
“massive claystone,” seemingly contradicting Rich et al. (2010 fig. 5), 
which indicated that the type referred cranial table of Leaellynasaura 
amicagraphica was hosted by a fine-grained sandstone grading into a 
siltstone.

According to Felton (1997a, b), the stratigraphic succession at 
Dinosaur Cove (=Rotten Point) consists of interbedded sandstone and 
mudstone units, predominantly as the products of sheet floods over a 
fluvial plain, such as a braid plain, or distal alluvial fan. Laminated 
sands were deposited during periods of high flow with deposition 
during waning flow continuing to form thick beds (~2 m compacted 
thickness) of finer grained sediments (Felton, 1997b). Felton’s (1997b 
fig. 8) stratigraphic profile of the unit within which the Slippery Rock 
tunnel complex was driven (Felton’s “unit 11”) identified the lowest 
beds as sandy-siltstone with low-angle cross-bedding passing up into 
plane beds. Felton (1997b, table 2) considered this bedding style 
(“lithofacies Sl”) indicative of either forward or lateral accretion of bars 
and sheets, and transitory to the upper flow regime. The base of Felton’s 
unit 11 corresponds to the vertebrate fossil-bearing horizon at Slippery 

FIGURE 4. Cranial table P185990 and host block. A, Main portion of 
specimen (Part I) in dorsal view, B, Second portion (counter block Part 
II) in ventral view. C, Both parts of specimen showing ventral surface 
arranged on block in top view (dashed arrow indicates vertical section 
in PL. 11). Abbreviations: f, frontal; n, nasal; p, parietal. Scale bar in 
A equals 2 cm and in B equals 10 cm.
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Rock (i.e., the basal 0.4 m, following Gross et al., 1993). The basal 
beds of Felton’s (1997b fig. 8) unit 11 pass upwards over a thickness 
of ~1 m into wavy and ripple-cross-laminated sandy-siltstone and 
mudrocks. Felton (1997b fig. 8, table 2) considered the middle beds of 
this unit indicative of low-energy flow (lithofacies “Sr”). Although the 
fossiliferous conglomerate identified by Gross et al. (1993) and Rich et 
al. (2010) at the base of this fossil-bearing unit (the basal 0.2 m) was 
not specifically identified in the Felton’s (1997b, fig. 8) stratigraphic 
profile, intraclast-supported massive conglomerates were considered 
by Felton (1997a, p. 732) to have been typically deposited in scour 
hollows at the bases of newly activated channel units in the region. 
The fossil-bearing conglomerate at Slippery Rock, considered by Rich 
et al. (2010) to have been deposited at the base of a crevasse splay, is 
consistent with Felton’s (1997b) assessment of forward accretion. The 
billabong deposit identified by Gross et al. (1993) was not conveyed in 
Felton’s (1997b fig. 8) stratigraphy.

EXCAVATION OF THE ASSOCIATED VERTEBRATE 
SPECIMENS

The holotype of Leaellynasaura amicagraphica (P185991; Fig. 3) 
was not discovered in situ in the First Cross Tunnel (Fig. 2), but on the 
spoil heap away from the tunnel workings, whereas the referred cranial 
table (P185990; Fig. 4), discovered on the day prior to the holotype 
discovery, was reportedly found in situ (Rich et al., 2010, p. 4). The 
first portion of the partial postcranium (P185992; Fig. 5A) considered 
attributable to the Leaellynasaura amicagraphica holotype (sensu Rich 
and Rich, 1989b), was discovered on the spoil-heap on the same day 
as the holotype, while the second postcranial portion (P185993; Fig. 
5A) was reportedly discovered in situ on the following day in the First 
Cross Tunnel (Rich and Vickers-Rich, 2000, p. 4). The cranial table 
(P185990) and the Leaellynasaura amicagraphica holotype cranial 
fragment (P185991) were reportedly buried within a distance of 0.2 
m of each other, while the two partial postcranial specimens were 

FIGURE 5. Associated partial ornithopod postcrania from the Tunnel Sandstone (unit 3) with assembled host blocks in top view. A, P185992/
P185993, showing left lateral side prepared (dashed lines indicate vertical sections shown in Pl. 10, with solid arrows indicating directions of 
view). B, P186047, showing right lateral side prepared (“a” and “b” refer to sections shown in Pl. 12). Abbreviation: cl, clast(s) (claystone).
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purportedly buried within 0.8 m of the two cranial specimens (Rich 
and Rich, 1989b; Gross et al., 1993; Rich and Vickers-Rich, 2000; Rich 
et al., 2010). According to the subsequent field report, the exact burial 
positions of the Leaellynasaura amicagraphica holotype, the referred 
cranial table (P185990) and the partial postcranium (P185992/P185993) 
were determined in the absence of contextual data recorded from the 
time of the excavation (following Rich and Rich, 1987 p. 6). The second 
partial ornithopod postcranium (P186047; Fig. 5B), discovered in the 
Slippery Rock Cross Tunnel in 1989, was reportedly buried about 2 m 
from the Leaellynasaura amicagraphica type specimens (sensu Gross 
et al., 1993). The associated actinopterygian remains (e.g., P186845; 
Fig. 8) were reportedly excavated from the same sediments as the 
associated ornithopod fossils (sensu Gross et al., 1993).

A site sketch map accompanying the fused neotetanuran pubes 
(P186046) in the MV collections (redrawn in Pl. 1, presumably 
drawn by the discoverer), suggest these pubes were excavated in the 
First Cross Tunnel, in close proximity to the larger partial ornithopod 
postcranium (P186047). This sketch map (Pl. 1) provides some 
retrospective information on the burial of the associated ornithopod 
remains, however, detailed stratigraphic relationships between each of 
these specimens, as well as their horizontal locations of burial, were not 
included in this sketch and have not been published.

MATERIALS AND METHODS
Our work reassessed the depositional conditions at the Slippery 

Rock Site by examining the local stratigraphy and sediments hosting 
the vertebrate fossils extracted from the tunnel complex. As access 
to the tunnel complex was not possible, all stratigraphic observations 
were made from the cliff face exposure surrounding the tunnel portals. 
Sediments were examined from originally sawn surfaces, newly cut 
surfaces and thin sections (preparation by MV Geosciences and The 
University of Queensland School of Earth Sciences). Textural characters 
were estimated visually from surface and thin section micrographs 
within a uniform field of view (1630 microns by 1220 microns), and 
rock grades followed the Udden-Wentworth Scale (Boggs, 2001). The 
presence of carbonate (calcite) cement was tested by effervescence in 

FIGURE 6. Neotetanuran pubes MV P186046 and host block showing 
fused left and right pubes in anterior view (distal end of the specimen 
not shown). Abbreviations: cl, clast(s); S, assumed southern surface; W, 
assumed western surface. 

FIGURE 7. Map of southern Victoria, showing locations of basin 
systems, formations (dark shaded areas) and fossil localities discussed 
in this work, relative to the city of Melbourne. Dashed arrows indicate 
predominant direction of palaeoflow from the Eastern Australian 
Volcanic Province (see Plate 2). Abbreviations: EF, Eumeralla 
Formation; WF, Wonthaggi Formation. Geological information and 
map following Bryan et al. (1997). 

FIGURE 8. Partial actinopterygian fossil, P186845 (one of three fragments) in lateral view (presumably the left side) on host block in top view. 
The prepared fossil is at the top of the block, and abundant coalified woody plant material can be seen in the fossil-hosting layer. Scale increments 
equal 1 cm.
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10% HCl. Sediments hosting the original part of the Leaellynasaura 
amicagraphica holotype (P185991; termed here Part I; Fig. 3A) 
were not previously illustrated and were completely removed during 
its preparation. However, host sediments were examined from a new 
portion of the holotype (termed here Part II; Fig. 3B). Sediments were 
examined from the blocks hosting the cranial table, P185990 (parts I 
and II; Fig. 4), the smaller partial postcranium (P185992/P185993; Fig. 
5A) and the larger partial postcranium (P186047; Fig. 5B). In addition, 
sediments were examined hosting the neotetanuran pubes (P186046; 
Fig. 6) and the associated actinopterygian (P186845; Fig. 8). Hand 
specimens of fossiliferous conglomerate collected from the time of the 
Slippery Rock excavations (in MV storage) were also examined, as 
were hand specimens collected from the site in the region of the tunnel 
complex during this investigation (none containing vertebrate fossils). 

SEDIMENTOLOGICAL OVERVIEW OF THE 
SLIPPERY ROCK SITE 

The cliff face at Slippery Rock is oriented ~105°SW, with a strike 
and dip of ~177°S, 18°W. The effect of dip is removed in Figure 9. Five 
distinct depositional units (numbered from the oldest to youngest, units 
“1” to “5,” respectively) crop out on the shore platform and cliff face 
(Fig. 9, Pl. 4). These units show little variation in thickness along the 
outcrop and lateral channel margins are not observed (see also Felton, 
1997b). The vertebrate-fossil-bearing horizon of the Slippery Rock Site, 
and the primary focus of this investigation, is within unit 3—further 
termed herein the “Tunnel Sandstone.” Descriptions and interpretations 
of the units above and below the Tunnel Sandstone are provided in the 
Appendix and Plate 4. At their bases, each of the five units typically 
comprise plane-bedded, trough cross-laminated and climbing ripple 
cross-laminated sandstones, interpreted as lower to upper flow regime 
channel deposits (Pl. 4). The lower channel sandstone beds in each of 
the units typically fine up into finer-grained sandstones/sandy siltstones 
and mudstones, suggesting overbank to floodplain settings (see also 
Felton, 1997b). It is of note that the five units recognized in this 
investigation (Pl. 4) correspond to Felton’s (1997b) Rotten Point units 
10 to 13: units 1 and 2 herein correspond to Felton’s (1997b) unit 10; 
the Tunnel Sandstone (unit 3) corresponds to Felton’s (1997b) unit 11; 
and units 4 and 5 herein correspond to Felton’s (1997b) units 12 and 
13, respectively.

DESCRIPTION OF THE TUNNEL SANDSTONE 
The Tunnel Sandstone is approximately 3.5 m thick. The cliff face 

exposure is interrupted near its western end by a 9-m wide structural 
concrete pillar cast into the First Cross Tunnel that allowed the removal 
of the outer rock pillar (following Rich and Vickers-Rich, 2000) (Fig. 
2). A 0.5-m section of strata at the top of the unit remains across the 
top of the concrete pillar, and a small portion of the unit base from the 
original rock pillar is accessible near its western end under the structural 
concrete pillar. The base of the Tunnel Sandstone is sharp, with a relief 
of around 0.3 m across the exposure (Figs. 9-10). The eastern part of the 
unit crops out in a cliff face accessible only at its lower end in the area 
of the tunnel complex (Fig. 9-12). The western part extends seaward 
across the shore platform from the western tunnel entrance where it can 
be most easily examined (Fig. 11). 

Sigmoidal-shaped cross-strata extend from the unit top to base 
and dip eastward within the unit (Figs. 9-11). These sigmoidal units are 
sub-horizontal at their upper ends (topsets), steepen to approximately 
11° in the middle (midsets), then flatten toward their bases and pinch 
out (toesets). Each sigmoidal unit in the lower and middle parts of the 
Tunnel Sandstone has a sharp top and base and consists of cm-to-dcm 
thick cross-bedding overlying flat to wavy-bedding. Bedding planes in 
the cross-bedding can be traced down into the flat and wavy bedding. 
The cross-beds dip up the slope of the sigmoids. The sigmoidal beds 
are upward fining—medium to coarse sandstone at their lower ends 
and fine sandstone to siltstone at their upper ends. The upper portions 
consist of stacked mm-to-cm thick cross-beds. Contorted to overturned 
bedding as well as soft-sediment faults occur in places, particularly in 
the middle of the sigmoidal units. In the toesets accessible near the 
tunnel complex, claystone clasts, some large in size (dcm-scale), are 
abundant (Figs. 11-12). However, due to the local dip, the presence 
of large clasts in strata much eastward of the tunnel complex could 
not be determined. Bedding discordances are seen between groups of 
sigmoidal units (Figs. 10-12). 

In the region flanking the western and eastern tunnel complex, a 
conglomerate with rounded to angular claystone clasts is observed at 
the base of the unit and pinches out within a few meters to the east 
of the tunnels (see description of S1 below; Pl. 5; Figs. 10-12). The 
conglomerate is up to 10 cm thick and in places contacts the unit base, 
while in others it forms thin lenses within a medium-grained, plain to 
cross-bedded, clast-rich sandstone (see description S2 below; Pl. 6). The 
basal clast-rich sandstone forms shallow trough cross-bedding, some 
showing overturned foresets (Fig. 12, Pl. 6), and contains large slabs of 
claystone, siltstone and possibly sandstone that are differentiated from 
the host sandstone by truncated edges, and, in places, steeply angled or 

FIGURE 9. Stratigraphic features of the Eumeralla Formation cropping out at the Slippery Rock Site, viewed from the southeast and rotated (~18 
degrees clockwise) to remove local dip. Dashed lines indicate main unit boundaries and solid lines indicate some bedding surfaces. Short dashed 
lines indicate vertical jointing and faults. The location of the tunnel complex is indicated by “concrete.”
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“odd” bedding orientations. 
The surfaces of the clast-rich sandstone show alternating mm-

to-cm-scale, light and dark (gray) laminae, which are made obvious 
by differential erosion from the sea (Fig. 12). The gray laminae are 
highly compacted sand-sized claystone grains, while the light laminae 
are “clearer” sandstone, containing variably less amounts of claystone 
grains. In places the laminae are highly contorted or wavy, as evident 
in hand specimen S2 (Pl. 6). The contorted appearance of some beds 
results from the slumped blocks/slabs and cobbles, as well as contorted 
laminae associated with clasts (see description of hand specimen S2 
below; Pl. 6). Sediments from the basal region of the original rock 
pillar are further described below under hand specimen S3 (Pl. 7). The 
clast-rich sandstone is thicker in the western region of the exposure 
and pinches out approximately 5 m to the east of the tunnel complex 
(Fig. 10), from which point the sigmoidal-shaped cross-strata continue 
eastward in contact with the unit base along the remaining extent of the 
exposure. 

LITHOLOGIES OF TUNNEL SANDSTONE 
HAND SPECIMENS

Three hand specimens collected in the region of the tunnel complex 
at the locations shown in Figure 2, were assigned: S1, S2 and S3. 

S1 (Pl. 5) was collected at the base of the unit flanking the East 
Tunnel entrance. The lower portion of the specimen is the massive 
claystone of unit 2. The upper portion is a polymictic conglomerate 
(see also Rich et al., 2010) comprising rounded, platy to angular 
clasts (up to 6 cm) of dark and light gray claystone, siltstone and fine-
grained sandstone. The conglomerate forms thin lenses (~2 cm thick 
in the sample), separated by thin laminae of “clear,” medium-grained 

sandstone. 
S2 (Pl. 6) was collected from the shore platform flanking the West 

Tunnel entrance ~0.2 m above the unit base. Three cut surfaces are 
approximately west-, north- and east-facing. The specimen comprises 
two medium-grained sandstone layers, with flat, wavy to contorted 
laminae. These layers are separated along a sharp, upwardly convex 
boundary. Alternating dark and light laminae are present. The darker 
laminae contain abundant, highly compacted, sand-sized claystone 
grains, whereas the lighter laminae consist of “clearer” sand. A 
conglomerate, with dark-gray, angular claystone clasts, forms a lens 
within the sandstone of the lower layer. The lower layer also contains 
dark-gray, angular claystone clasts (up to 6 cm in length) that appear 
lithologically similar to the clasts in the conglomerate. The character of 
the laminae in the sandstone of the lower layer, suggests the “streaming” 
of sand over, around and under the clasts (Pl. 6A). The contorted 
laminae are interpreted as backflow ripples caused by eddies that 
developed in the wake of a larger clast—based on similarly described 
ripples that develop in troughs (Herbert et al., 2015). The laminae on 
the north-facing surface of the lower layer (Pl. 6B) suggest a trough 
bedform, while the laminae on the north-facing surface of the upper 
layer (Pl. 6B) form small, overlapping lenticular cross-beds. Viewed on 
the east-facing surface (Pl. 6C), these lenticular cross-beds are highly 
contorted. The cross-beds of this upper layer suggest the deposition of 
sediments under highly turbulent conditions, possibly associated with 
eddy currents around debris such as slumped blocks, cobbles and larger 
wood fragments. 

S3 (Pl. 7) was collected from the remnant northwestern corner of 
the original rock pillar, between 0.4 to 0.5 m above the unit base (Pl. 
7A). The specimen comprises two layers of medium-grained sandstone, 

FIGURE 10. Outcrop at Slippery Rock looking approximately north/northeast in the region flanking the eastern end of the tunnel complex, 
showing: the lateral accretion stratification of the Tunnel Sandstone (unit 3); the upper lacustrine bedding of unit 2; and the lower channel beds of 
unit 4. Solid arrows indicate boundary between units 2 and 3. Pebbly conglomerate at the base of unit 3 pinches out at approximately the eastern-
most solid arrow. Dashed arrows identify some of the conformable lateral accretion surfaces. Image rotated to remove local dip (camera lens 
distortion is present). The location of hand specimen S1 is indicated (see Pl. 5). Scale-pole increments equal 10 cm.
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with alternating, wavy laminae (Pl. 7C) of sand-sized claystone 
grains (darker grains) and “clearer” sand (lighter grains). The erosive 
boundary between the layers is roughened. The upper layer has partly 
scoured into the lower layer. Some laminae have abundant coalified 
plant fragments (leaf and twig sizes to moderately sized branches; Pl. 
7B, C). The laminae are interpreted as current ripples, possibly formed 
at the transition between in-phase and out-of-phase ripples, suggesting 
current velocities of 0.3 m/sec, or greater (following criteria in Ashley 
et al., 1982). 

INTERPRETATION OF THE TUNNEL SANDSTONE
The sigmoidal-shaped stratification of the Tunnel Sandstone 

(Fig. 9) is interpreted as lateral accretion stratification (epsilon cross-
stratification of Allen, 1963) formed by the migration of a point bar in a 
meandering river (Díaz-Molina, 2009). Each lateral accretion increment 
is the result of a climbing-ripple train (possibly climbing mega-ripples), 
travelling obliquely up the point bar surface towards the inner bank 
of the river under the influence of the helicoidal secondary currents 
(Allen, 1970a; Nanson, 1980). The point bar migrated approximately 
to the east (based on present day coordinates), as indicated by the dip 
of the lateral accretion surfaces, suggesting that the orientation of the 
meander axis was approximately in that direction (see Labrecque et al., 
2011). The large-scale trough cross-beds in the basal sandstone (Fig. 
12) are interpreted as linguoid mega-ripples or dunes that migrated 
downstream, and potentially towards inner bank. Ripples, interpreted 
as climbing backflow ripples (see Herbert et al., 2015), appear to have 
formed in some troughs (Fig. 12). 

Within the active meandering channel framework, the clast and 
block rich, current rippled to trough cross-bedded sandstone bedding at 
the unit base (Fig. 12) is interpreted as sediments deposited at the toe of 
the point bar (toesets) and possibly on the thalweg of the meander loop 
(Allen, 1970a; Jackson, 1975, 1981; Díaz-Molina, 2009; Labrecque et 
al., 2011). Conglomerate lenses in the basal sandstone (Pls. 5-6) are 
interpreted as intraformational bedload gravel deposited in depressions, 
troughs or shallow scours (e.g., Harms and Fahnestock, 1965; Jackson, 
1981; Díaz-Molina, 2009). The pebbly pale-gray claystone clasts in 

the conglomerate were potentially eroded from floodplain soils. The 
large blocks/cobbles and slabs in the basal sandstone (Fig. 12) likely 
resulted from slumping through cutbank collapse of the older lacustrine 
or overbank unit of which the river of the Tunnel Sandstone incised 
(e.g., Jackson, 1981). Abundant sand-sized claystone grains are further 
consistent with rivers that incise older clay beds (see Jackson, 1981).

The laminated dark and light layers in the basal sandstone beds 
comprise darker laminae of predominantly granular claystone and lighter 
laminae of predominantly “clearer” sand (i.e., containing variably less 
claystone grains; Figs. 12, Pls. 6-7). These alternating laminae suggest 
the differential settling between claystone and quartz/feldspar grains, 
potentially associated with pulses in sediment supply (see Ashley et al., 
1982, on pulsing current velocities in flume experiments), caused by 
a complexity of factors, characteristic of fluvial deposits (Harms and 
Fahnestock, 1965), such as cutbank collapse or intermittent activation 
and collapse of the helicoidal currents (e.g., Allen, 1970b; Nanson, 
1980; Jackson, 1981; Leeder, 1999, p. 316). The contorted appearance 
of the laminae typically observed in the basal clast-rich sandstone, is 
consistent with contorted laminae potentially caused by eddies around 
clasts and woody plant debris (see description of hand specimen S2 
above; Pl. 6). Thus, the currents that set up around clasts and other 
debris in the mega-ripples/dunes at the unit base were likely to have 
been highly turbulent. 

Sediments observed in the remnant basal northwest corner of the 
rock pillar (see description of hand specimen S3; Pl. 7) appear to be 
either in-phase or transitional out-of-phase current ripples, suggesting 
that the velocities of the traction currents during the formation of these 
ripples at this location were potentially lower (~0.15 to 0.30 m/sec) than 
those under which the troughs and climbing ripples developed (based 
on Ashley et al., 1982). However, higher velocities are likely at greater 
flow depths, such as in the channel that formed the Tunnel Sandstone, 
than the velocities determined from relatively shallow-water depths in 
flume experiments (following Southard and Boguchwal, 1990). These 
low velocity current ripples were potentially associated with waning 
flow, but with high rates of sedimentation, characteristically associated 
with flooding (Ashley et al., 1982; Boggs, 2001, p. 102). The deposition 

FIGURE 11. Outcrop at Slippery Rock looking approximately northwest in region flanking the western end of the tunnel complex, showing: 
the lateral accretion stratification of the Tunnel Sandstone (unit 3) and lower channel beds of unit 4. Upper arrows indicate a minor erosional 
discordance along a plane-bed. Lower arrow indicates approximate position of hand-sample S3 (Pl. 7). Image rotated to remove local dip. Vertical 
scale-bar equals approximately 1 m.
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of fine to very fine sand and silt could have similarly coincided with 
periods or pulses of lower regime flow. Current velocities that formed 
the climbing-ripples higher on the point bar surfaces, as well as the 
mega-ripples/dunes on the channel floor, could have been 0.7 m/sec 
or higher, depending on flow depth (following information in Allen, 
1970a; Ashley et al., 1982; Southard and Boguchwal, 1990; Boggs, 
2001). The coalified tree branches, twigs and leaf fragments in the 
sediments at the base of the point bar likely represent soupy masses 
of water-logged plant debris deposited from suspension, or from the 
mobile bedload. 

Minor discordance between the channel floor and toeset bedding 
in the lower region of the Tunnel Sandstone point bar flanking the 
western end of the tunnel complex (Fig. 12) is interpreted as a non-
erosional progression eastwards of the conformably overlying lateral 
accretion units (e.g., Díaz-Molina, 2009, p. 119). The basal, clast-rich, 
trough cross-bedded sandstone is thicker in the region of the West 
Tunnel entrance where the top is approximately 1.2 m above the base 
of the unit, and approximately 0.5 m above the unit base at the East 
Tunnel entrance. From these depths, we estimate that the top of this 
basal sandstone was approximately 0.8 m above the base of the unit 
near the middle of the original outer rock pillar. Thickening of these 
basal channel beds towards the west is consistent with the slight inward 
aggradation of mega-ripples/dunes onto the toesets of the lower point 
bar, and could also have assisted lateral/downstream migration of the 
point bar (following Walker and Cant, 1984)

Other minor discordances in the point bar strata (Figs. 9, 11) suggest 
changes in discharge levels or channel position (following Willis, 

2009). These discordances are considered “minor,” as the onlapping 
lateral accretion units did not fully erode their underlying units, and 
some appear to follow the dipping profiles of the underlying units 
(Díaz-Molina, 2009; Willis, 2009). However, the lateral accretion units 
are typically full depth over the thickness of the unit (Fig. 9), suggesting 
that the point bar in the area of the exposure was predominantly 
deposited at bank-full to overbank depths. Thus, runoff into the river 
that formed the Tunnel Sandstone could have been relatively permanent 
(following Díaz-Molina, 2009). Compaction of the Tunnel Sandstone 
sediments could be up to 40% (following the criteria of Beard and 
Weyl, 1973, for pore space in wet, packed, fine-grained sand), which 
suggests that the original depth of the Tunnel Sandstone strata, prior to 
compaction, could have been up to ~4.5 m. We postulate that the Tunnel 
Sandstone represents a small river, possibly a tributary, or a distributary 
of a larger system. 

LITHOLOGIES OF THE FOSSIL-HOSTING SEDIMENTS
Overview 

The sandstones of the fossil-hosting sediments are volcarenites 
(following classification in Lewis and McConchie, 1994) containing 
~30% quartz and feldspar, ~30% volcanics and volcanolithic grains, 
variable content of sand and silt-sized claystone grains (predominant in 
some layers) and coalified leaf, twig and branch fragments (up to 40% 
of the sediment in some layers). The volcanics and volcanolithics are of 
andesitic to dacitic origin (Duddy, 1983). As seen in thin sections, some 
of the volcanogenic minerals and volcanolithics have altered to various 

FIGURE 12. Outcrop at Slippery Rock looking approximately west in region of the West Tunnel entrance, showing: the channel/lower point bar 
strata of the Tunnel Sandstone (unit 3). The fossil-vertebrate-hosting beds approximately correspond to the region below the lower two increments 
on the scale pole (= lower 0.4 m of the unit base). Fossils extracted during the original excavations were located approximately behind (east) and 
to the right (north) of the photographer’s position. The banded appearance of the laminae is interpreted as differential erosion of compacted sand-
sized claystone grain laminae (softer) and clearer sandstone laminae (harder). The cross-beds (cb) indicated climb up-dip on the lateral accretion 
units. The arrow indicates approximate position of hand specimen S2 (see Pl. 6). Abbreviations: cb, cross-bedding; cbr, climbing backflow ripples; 
cgl, conglomerate lens; cl clast(s)/block(s) (predominantly indurated claystone blocks); las, lateral accretion surface; ofb, overturned foreset bed; 
pb, plane-bedding; tcb, trough cross-bedding. Scale pole increments equal 10 cm. Note that “las” (near the top of the pole) also corresponds to the 
postulated non-erosional discordance (plane-bed) between the basal channel beds and the lateral accretion-stratification discussed in text.



131
clay minerals during diagenesis (see Duddy, 1983). Some of the layers 
initially appear to be massive claystones, but on closer inspection show 
faint whitish to greenish boundaries that delineate their silty to sandy 
textures. Some of the grains are interpreted as sand-sized volcanolithics 
that have been altered to chlorite. The silt and sand-sized grains of 
claystone and the volcanogenics have been highly compacted and 
diagenetically altered around their boundaries to clays. Compaction of 
the soft lithics reduced the porosity of the sediments to close to zero. 
The sediments are typically greenish-gray in color, resulting from the 
presence of light to dark greenish and brownish glassy volcanogenic 
minerals (amphiboles) and volcanolithics, greenish chlorite (diagenetic) 
and greenish-gray claystone grains. Lighter coloration of the sediment 
is attributed to whitish grains of quartz and feldspars, as well as Ca-
heulandite and calcite cements (see also Duddy, 1983). The speckled 
appearance of some of the claystone-grain-rich layers results from 
scattered grains of quartz and feldspar. In the descriptions that follow, 
the fossil specimen numbers shown identify the fossil-hosting blocks 
or layers described. 

MV P185990 
The cranial table P185990 (Fig. 4, Pl. 8) is hosted by a fine-grained 

sandstone (scattered grains up to 250 µm) that grades abruptly to 
siltstone with scattered fine sand-sized grains (~100 µm). The layer is at 
least 5 cm thick. Plant fragments are rare in the silt and more abundant 
in the sand. The sub-horizontal  plant fragments in the sandstone are 
consistent with deposition in a current. The fossil is within the silt at the 
top of the block. The direction-up of the fossil is indicated by grading. 
The dorsal plane of the cranial table is aligned normal to the bedding 
with its ventral surface directed upwards. Enclosure of the ventral region 
of the cranial table in matrix indicates that the specimen was already a 
fragment of the cranium when it was buried. The specimen was likely 
deposited under conditions of low regime flow with abundant sediment 
settling from suspension following a rapid change from a higher flow 
rate. Rapid burial of the specimen is further indicated by the finely 
preserved state of the bone surfaces that show no signs of abrasion 
(Behrensmeyer, 1988, 1991). Some flattening and brittle fracture on the 
fossil is evident as sharp-edged cracks that were in-filled by sediment 
in a soft state.

MV P185991
The holotype cheek fragment of Leaellynasaura amicagraphica 

(P185991; Fig. 3, Pl. 9) is hosted by a sandy-siltstone to coarse-grained 
siltstone containing coalified leaf, twig and small branch fragments, in 
a layer at least 1.5 cm thick. The top and bottom contacts of the layer 
are not preserved. The wavy character of the layer is consistent with the 
deposition of a current ripple (Jopling and Walker, 1968; Ashley et al., 
1982; Boggs, 2001) (see interpretation of hand specimen S3 above; Pl. 
7). The fossil is in the sandier lower portion of the layer and was likely 
buried in lower regime flow with abundant sediment settling from 
suspension. The direction-up of the fossil was decided by grading. In 
this orientation, the sagittal plane of the cranium is aligned normal to the 
bedding, with the left lateral side facing downwards. The medial region 
of the cranium is encased in matrix, indicating that the specimen was 
fragmentary when it was buried. The condition of fossil preservation is 
similar to that described above for the cranial table P185990. 

MV P185992/P185993
The partial postcranium P185992/ P185993 (Fig. 5A, Pl. 10) is 

hosted by a medium- to fine-grained sandstone containing abundant 
coalified leaf, twig and branch fragments (some 6 cm in diameter), in a 
layer at least 9 cm thick. The fossil-hosting layer comprises alternating 
laminae of highly compacted, sand-size claystone grains (with 
scattered feldapar and quartz grains) and “clearer” sandstone (Pl. 10A, 
B). Erosive boundaries are apparent between these laminae. The fabric 
is undulating/wavy (Pl. 10A), suggesting a current rippled bedform. 
The undulating sediment fabric is similar to hand specimen S3 (Pl. 7; 
see description above). The direction of the undulations suggests the 
direction of the current. The tail on the postcranium comprises at least 
71 elongate caudal vertebrae (Herne, 2009), and the vertebral axis of 
the tail is aligned to the postulated direction of the current (Fig. 5A, Pl. 
10A). The direction-up of the fossil was determined from grading in the 
fossil-hosting layer and its underlying layer (Pl. 10C, D). The sagittal 
plane of the postcranium is aligned normal to the bedding, with the 
left side facing upwards. The bedding of the fossil-hosting layer slopes 
downwards over the length of the tail in the direction of its terminal 
end. The tail also kinks upward about one-third of the way along its 

length from the anterior end. Branch fragments underlie and overlie 
the caudal vertebrae, suggesting these remains were entangled in 
woody plant debris when they were buried. The postcranium preserves 
six of the posterior-most thoracic (dorsal) vertebrae, as well as some 
thoracic ribs (following Herne, 2009, 2014), and could have been more 
complete prior to its excavation, anterior to the preserved portion. The 
surfaces of the cortical bone on the fossil are finely preserved, although 
minor flattening and brittle fracture is apparent. There are no specific 
signs of abrasion. Other damage on the fossil could be attributed to 
the excavation process, which involved blasting (Rich and Rich, 
1987). Two layers underlie the fossil-hosting layer (Pl. 10C, D). The 
uppermost of these layers is a 2 cm thick plane-bed of fine- into very 
fine-grained sandstone containing abundant, sub-horizontal, coalified 
leaf, twig and small branch fragments. The erosive boundary between 
the fossil-hosting layer and this underlying layer, has a relief of ~0.5 
cm. The lowest layer is a siltstone of unknown thickness separated from 
the overlying layer along a sharp erosive boundary.

MV P186046
The fused neotetanuran pubes P186046 (Fig. 6, Pl. 11) is hosted 

by a layer of a medium-grained sandstone (layer “c”), comprising 
laminae of quartz/feldspar, volcanics and volcanolithics. Thin, dark-
gray laminae of sand-sized claystone grains are interlaminated with 
“clearer” sandstone containing comparatively less claystone grains. 
Platy, dark-gray claystone clasts are present, and plant fragments are 
rare. A few larger compressed coalified plant fragments (up to 1 cm in 
width) are located under and beside the fossil. The fossil-hosting layer 
is wavy to contorted. The contorted fabric resembles that observed in 
the basal clast-rich sandstone of hand specimen S2 (Pl. 6), suggesting 
the deposition of sand around these pubes in a turbulent current. Small 
ripples were possibly formed by eddies in the wake of the claystone 
clasts or the pubes. The fossil-hosting layer overlies two further 
overlapping layers (layers “a” and “b”) comprising silty, fine-grained 
sandstones with scattered larger sand grains and fine coalified plant 
fragments. The overlapping, wedge-shaped character of the layers, 
suggest cross-bedding. There is the possibility that the fused pubes 
were buried through scour-and-drop undercutting (see Weigelt, 1989) 
or were engulfed by sand in a migrating mega-ripple. Minor abrasion 
of the cortical bone (Herne et al., 2010) suggests that prior to burial, 
these pubes were disassociated and had been subject to a minor amount 
of movement in the mobile bedload. The upward direction of the fossil 
is suggested by the orientation of the on-lapping layers and the rippled 
laminae. The sagittal plane is normal to the bedding, and the right side 
is directed upwards.

MV P186047
The partial ornithopod postcranium P186047 (Fig. 5B, Pl. 12) is 

hosted by a moderately well-sorted, very fine-grained sandstone in a 
layer at least 18 cm thick. The texture of the sandstone is homogenous 
and ungraded over the depth of the block. Rounded claystone clasts 
(up to 4 cm in length) are present although rare, while platy, dark-
gray claystone clasts (up to 2 cm in length) are more abundant. Plant 
fragments are rare. The boundaries of the grains observed in the thin-
sections suggest that the feldspars altered to greenish to whitish clays 
of chlorite and Ca-heulandite during diagenesis (see Duddy, 1983). 
Some of the claystone grains might have completely altered to chlorite. 
A carbonate (calcite) cement was detected (effervescent in 10%HCl). 
Calcite forms poikilotopic crystals that give the sandstone a mottled 
appearance. There is the possibility that a carbonate concretion formed 
around the fossil. On one of the cut surfaces (Pl. 12A), claystone clasts 
form thinly compacted, discontinuous laminae that betray faintly 
wedge-shaped overlapping laminae that suggest cross-bedding. Small 
ripples (indicated by truncated tops and asymptotic bases) in these 
layers could be backflow ripples (see Herbert et al., 2015). On the 
surface orthogonal to this aforementioned face (Pl. 12B), the laminae 
are wavy to contorted. These laminae suggest the direction of flow and 
the turbulent “streaming” of sediment around the postcranial remains. 
The claystone clasts are current aligned (Pl. 12B). The specimen was 
potentially engulfed by sand in a migrating mega-ripple, or was buried 
through turbulent scour-and-drop undercutting (Weigelt, 1989). The 
direction-up of the partial postcranium was decided by the orientation 
of the ripples and the cross-bedded laminae. In this orientation, the 
sagittal plane of the postcranium is normal to the bedding, with the right 
side facing upwards, and the caudal vertebrae are directed downstream. 
Enclosure of the preserved postcranial portion in the matrix indicates 
the specimen was a fragment of a carcass (i.e., a body part) when it was 
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buried. The fossil bones are well preserved and three-dimensional, with 
minor early diagenetic brittle fractures that were in-filled with sediment 
in a soft state (e.g., Shipman, 1981). The sandstone has a lighter hue 
than that hosting the smaller partial postcranium (P185992/P185993), 
which is attributed to the whitish cement, and less content of compacted 
claystone grains and coalified plant fragments.

MV P186845
The partial actinopterygian P186845 (Fig. 8, Pl. 13) is well 

preserved and finely articulated. The specimen is hosted by a plane-
bedded, fine-grained sandstone, containing abundant dark claystone 
grains in thinly compacted laminae. The laminae are undulating in the 
region of the fossil. Coalified, woody plant fragments are present. The 
appearance of the laminae is similar to hand specimen S2 from the 
basal clast-rich sandstone (Pl. 6B), although claystone clasts are not 
apparent in the fossil-hosting block, but are present in hand specimen 
S2. From our survey of MV specimens, the lithological character of 
the sediments hosting the other associated partial actinopterygian 
remains extracted from the Tunnel Sandstone (e.g., P185969, P186081, 
P199015, P199015, P231837) appear similar to that hosting P186845. 
The fine condition of preservation suggests that the specimen was 
rapidly buried as a relatively “fresh” carcass.

DEPOSITION OF THE TUNNEL SANDSTONE FOSSIL 
ASSEMBLAGE

The Tunnel Sandstone is a unique fossil-bearing unit in the Lower 
Cretaceous of southeastern Australia as it preserves both the depositional 
history of a laterally migrating meander loop of a small river and superb 
disassociated and associated vertebrate fossils, including dinosaur 
remains, that were deposited at the base of the meandering channel. 
All of the vertebrate fossils discovered in the Slippery Rock tunnel 
complex and rock pillar were extracted from beds within the basal 
0.4 m of the unit base, overlying a massive claystone of an underlying 
lacustrine unit (unit 2) (reported in Gross et al., 1993; Rich et al., 2010). 
The horizon from which these fossils were extracted corresponds to the 
cross-bedded, clast-rich sandstone at the unit base, with inter-bedded 
lenses of intraformational conglomerate. These fossil-bearing beds 
were deposited at either the toesets of the lateral accretion cross-strata 
or on the channel floor.

The disassociated fossils in the deposit were reportedly hosted by 
a bed of polymictic conglomerate occurring in the lowest 0.2 m of the 
unit (Gross et al., 1993; Rich et al., 2010). The presence of disassociated 
vertebrate fossils in the conglomerate was further confirmed from hand 
specimens held in the MV collections that contain fossil bones in situ. 
However, our new samples from the site show that conglomerate occurs 
as lenses within thicker beds of clast-rich sandstone (Fig. 12, Pls. 5-6). 
These conglomerate lenses likely formed from discontinuous gravelly 
sheets deposited in the troughs or shallow scours on the meander loop 
floor. The disassociated vertebrate fossils would have been channel 
lags that rolled into the troughs, along with claystone pebbles and 
heavier plant fragments (e.g., Harms and Fahnestock, 1965), and were 
potentially tapped from the older unit in which the Tunnel Sandstone 
channel incised, or from the bedload and/or banks of a larger source 
river (e.g., Allen, 1964; Behrensmeyer, 1988; Wood et al., 1988; White 
et al., 1998). 

The associated vertebrate remains from the Slippery Rock Cross 
Tunnel (actinopterygians, dipnoans and ornithopods) were reportedly 
excavated from above the basal conglomerate and within 0.4 m of the 
Tunnel Sandstone base (adapted from reports by Gross et al., 1993; Rich 
et al., 2010) (Fig. 12, Pl. 1). Previous sedimentological interpretation 
of the fossil horizon at the Slippery Rock Site hosting the associated 
vertebrate specimens was indicative of quiet-water depositional 
conditions such as a billabong, oxbow or pond (Gross et al., 1993; 
Rich and Vickers-Rich, 2000; Rich et al., 2010; Rich and Vickers-Rich, 
2012). However, the stratigraphic level from which all of the associated 
fossils were excavated corresponds to the point bar toesets or channel 
floor beds at the base of the unit. Importantly, the depositional character 
of the sediments hosting the associated vertebrate fossils is consistent 
with in-channel hydraulic flow.

Of the associated vertebrate fossils examined, the sediments 
hosting the cranial table P185990 (Fig. 4, Pl. 8) are the finest-grained. 
However, contrary to Rich and Vickers-Rich (2012, p. 493), these 
sediments are not a “massive claystone” that would indicate a quiet-
water deposit, but sandstone abruptly fining up into sandy-siltstone 
and siltstone, suggesting that immediately prior to the deposition of the 
cranial table, the flow rate in that region of the river channel abruptly 

lowered. The deposition of this cranial table (P185990) coincided with 
this period of lower velocity flow. Less of the fossil-hosting layer is 
preserved hosting the holotype of Leaellynasaura amicagraphica 
(P185991). However, from what is preserved, the wavy fabric of the 
layer suggests this specimen was deposited in a current rippled bed. The 
fine-grained texture of the sediment is indicative of waning flow, with 
abundant sediment settling from suspension associated with flooding 
(based on criteria in Ashley et al., 1982; Boggs, 2001).

The layers hosting the two partial ornithopod postcranial skeletons 
(P185992/P185993 and P186047; Fig. 5) are sandstones, as opposed to 
a “massive claystone” (contra Rich and Vickers-Rich, 2012, p. 493), 
with features indicative of deposition in currents. The wavy, medium- 
to fine-grained sandstone hosting the smaller partial postcranium 
(P185992/P185993), with highly compacted laminae of sand-sized 
claystone grains and layers of abundant coalified plant fragments (Pl. 
10), is comparable to hand specimen S3 (a medium-grained current 
rippled sandstone sampled from the original rock pillar, near the 
reported position of the associated vertebrate fossils: Fig. 2, Pls. 1, 7). 
The character of the layer hosting this partial postcranium (P185992/
P185993) is consistent with current rippling and a high sedimentation 
rate, potentially associated with flooding (e.g., Ashley et al., 1982; 
Boggs, 2001). Furthermore, the coarse-grained sediments hosting 
this partial postcranium and also in hand specimen S3, suggest that 
the current velocities under which these layers were deposited were 
higher than those under which the finer-grained sediments hosting the 
holotype cranial fragment of Leaellynasaura amicagraphica and the 
cranial table (P195990) were deposited. 

The laminated fabric of the sandstone hosting the partial 
actinopterygian (P186845; Fig. 8, Pl. 13) resembles the thinly laminated 
trough cross-bedded sandstone of hand specimen S2 (Pl. 6), sampled 
from the lower 0.2 m of the unit, suggesting these actinopterygian 
remains were deposited in trough cross-bedding on the channel floor. 
The fabric of the sandstones hosting the larger partial ornithopod 
postcranium (P186047) and the fused neotetanuran pubes (P186046) are 
further consistent with the deposition of these specimens in the trough 
cross-bedded sandstone at the unit base. The partial postcranium and 
the fused disassociated neotetanuran pubes were potentially deposited 
close to each other in the trough cross-beds at the base of the unit. 
This observation, and the realization that all of the vertebrate fossils 
were deposited in the channel floor and/or lower point bar beds under 
variable conditions of in-channel hydraulic flow, suggests that the total 
fossil assemblage be considered time-averaged and allochthonous (e.g., 
Behrensmeyer, 1982).  

TAPHONOMIC COMMENTS ON THE ASSOCIATED 
VERTEBRATE ASSEMBLAGE

As all of the associated ornithopod remains excavated from the 
basal sandstone beds of the Tunnel Sandstone were deposited under 
hydraulic flow, we speculate these specimens entered the river upstream 
from the locality as whole carcasses or as body parts (Behrensmeyer, 
1982, 1988; Wood et al., 1988). These remains potentially washed 
into the channel from the floodplain following overbank entrainment 
during flooding, or entered the meandering river during cutbank 
collapse (Behrensmeyer, 1982; Wood et al., 1988). The delicate, 
finely articulated condition of these remains suggest it unlikely these 
specimens had been subjected to hydraulic reworking on the channel 
floor prior to their final burial at the Slippery Rock site. The associated 
vertebrates (ornithopods and fishes) would have been rapidly buried as 
relatively “fresh” body parts held together by soft tissues (muscles and 
viscera), preventing destructive processes that occur during prolonged 
subaerial and/or subaqueous exposure through mechanical and 
chemical weathering of the bones, decay of the bones and soft tissues 
and scavenging (e.g., Behrensmeyer, 1975; Shipman, 1981; Wood et 
al., 1988; Behrensmeyer, 1991). Retention of the soft tissues would also 
have kept the carcasses/body parts in articulation during transportation 
in the river (e.g., Sternberg, 1970; Behrensmeyer, 1975, 1988; Wood 
et al., 1988; Behrensmeyer, 1991; Eberth and Currie, 2010; Syme and 
Salisbury, 2014). 

The burial of the associated vertebrate remains in sand or silt near 
the unit base suggests these specimens came close enough to the channel 
floor to be snagged by plant debris, engulfed in avalanching mega-
ripple/dune sands, or to have dropped out of suspension under locally 
lower current velocities. The lack of plant materials in the sediments 
hosting the larger partial postcranium (P186047), as well as the presence 
of platy claystone clasts and the wedge-shaped overlapping cross-beds, 
suggest that the flow veleocity during the deposition of this specimen 
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could have been higher than experienced during the burial of the other 
associated ornithopod specimens. However, the relatively coarser grain 
size of the sandstone hosting the smaller partial ornithopod postcranium 
(P185992/P185993) suggests this body part/carcass was deposited 
within higher velocity flow than either of the two cranial fragments 
(i.e., cranial table [P185990] and the Leaellynasaura amicagraphica 
holotype [P185991]). These features of the fossil-hosting sediments 
are further consistent with the deposition of these carcasses or body 
parts on the channel floor or point bar toesets under variable hydraulic 
flow and variable sediment supply consistent with channel floods. 
The variability in depositional character was likely associated with 
a complexity of factors that are characteristic of fluvial deposits (see 
Harms and Fahnestock, 1965; Harms, 1969; Allen, 1970a). 

The remains of two associated fishes were originally reported 
from the Slippery Rock Site (Gross et al., 1993). These included a 
partial skeleton of an actinopterygian and a dipnoan. However, at 
least six associated actinopterygian specimens were extracted from 
this site (exemplified by P186845; Fig. 8). We are not certain of the 
manner of preservation or number of the dipnoans finally excavated. 
The excavation of several associated partial fish skeletons from this 
site suggests that several fish could have died at the same time within 
hypoxic conditions (also known as “blackwater”) that can occur 
after decaying plant material, fine sediment and carcass laden water 
backwashes into the river system from the floodplain, following 
flooding (see Small et al., 2014 and references within). Evidence that 
abundant sediments settled from suspension during the deposition of 
the layers hosting the associated vertebrates, along with the presence of 
abundant plant materials, lends some support to the deaths of numbers 
of fishes coinciding with aquatic hypoxia. However, without supporting 
contextual information from the time of the excavation, this potential 
death assemblage of fish is purely speculative. The possibility that 
the deaths and deposition of these fish occurred at different times is 
possible.

THE STATUS OF LEAELLYNASAURA AMICAGRAPHICA
The conditions of variable hydraulic flow under which the scattered 

associated vertebrate remains were deposited in the Tunnel Sandstone 
channel, strongly suggest that without unequivocal anatomical 
evidence, no two specimens from the deposit should be assumed to be 
from the same individual. Such evidence could include demonstrated 
morphometric compliance between associated specimens, physical 
connection of the specimens along broken edges, sutural margins or 
impressions in the matrix, or morphological overlap shown between 
specimens from possible future discoveries. This caveat of demonstrable 
anatomical congruence is relevant to the original attribution of the 
cranial table (P185990) and the small partial postcranium (P185992/
P185993) to the Leaellynasaura amicagraphica holotype (Rich and 
Rich, 1989b). 

Although revision of the traditionally assumed anatomical 
connection between the cranial table (P185990) and the Leaellynasaura 
amicagraphica holotype cheek fragment (P185991) is outside the 
scope of this current investigation, this topic has been debated (Herne 
and Salisbury, 2009; Rich et al., 2010). According to the preliminary 
morphometric and morphological study by Herne and Salisbury (2009), 
the cranial table (P186047) likely pertains to a larger cranium than 
expected for the Leaellynasaura amicagraphica holotype (P185991). In 
a rejoinder to this study, however, Rich et al. (2010) upheld the original 
referral, arguing these two cranial fragments were morphometrically 
compliant with the same individual. 

The argued compliance of the cranial table (P185990) and the 
holotypic cheek fragment of Leaellynasaura amicagraphica (P185991) 
is the topic of further work that will be published elsewhere. However, 
the fact that each of these specimens were scattered cranial fragments 
when they were buried under conditions of hydraulic flow, further alerts 
to the potential for these specimens to derive from separate individuals. 
Similarly, conclusive anatomical evidence that the partial postcranium 
P185992/P185993 pertains to the same individual as either of these two 
cranial specimens (P185990 and P185991) has not been demonstrated, 
and in the light of our reassessment of fluvial deposition, should not be 
assumed. 

Our revised assessment on the status of the additional material 
traditionally attributed to the Leaellynasaura amicagraphica 
holotype has further relevance when the presence of the ornithopod 
Atlascopcosaurus loadsi in the Tunnel Sandstone is also considered. 
Originally discovered at the locality of Point Lewis, approximately 
18 km east of Dinosaur Cove (Fig. 7), Atlascopcosaurus loadsi is also 

known from several Slippery Rock specimens, such as isolated maxillary 
teeth (P187116 and P181677) and a partial dentary (P186847) (Rich 
and Rich, 1989b). In addition to these specimens, a partial left maxilla 
containing unerupted dentition (P185970; Fig. 13) was also referred 
to Atlascopcosaurus loadsi, although reportedly from the locality 
of Dinosaur Cove East (see Fig. 1) (sensu Rich and Rich, 1989b). 
However, according to MV records, this partial maxilla (P185970) was 
actually discovered at the Slippery Rock Site in 1986, and therefore 
derives from the same channel floor sediments of the Tunnel Sandstone 
as the scattered disassociated and associated vertebrate fossils, such 
as the Leaellynasaura amicagraphica holotype. As the anatomy of 
Atlascopcosaurus loadsi is only known from the maxilla and dentary, 
the possibility that the cranial table P185990 and/or the partial 
postcranium P185992/P185993 pertain to Atlascopcosaurus loadsi 
cannot be overlooked. These specimens could, of course, pertain to 
Leaellynasaura amicagraphica; however, these traditional assignments 
are not supported by taphonomic inference. 

Continued attribution of the cranial table P185990 and partial 
postcranium P185992/P185993 to the holotype of Leaellynasaura 
amicagraphica might seem tempting for reasons such as taxonomic 
convenience, or to facilitate the inclusion of this taxon in cladistic 
analyses as a more “viable” operational taxonomic unit (e.g., Boyd, 
2015). However, there is the risk these assignments could constitute 
a taxonomic chimera. Until unequivocal anatomical evidence can 
demonstrate otherwise, the traditional attribution of the cranial 
table (P185991) and partial postcranium (P185992/P185993) to 
Leaellynasaura amicagraphica, as additional materials of the holotype, 
is considered here to be inadequately supported. Extending from this 
finding, we also regard the attribution of the larger partial ornithopod 
postcranium (P186047) to Leaellynasaura amicagraphica (e.g., Rich 
and Vickers-Rich, 2000; Rich et al., 2010; Rich and Vickers-Rich, 
2012) as presently unsupported, and additionally consider the referral 
of 13 femoral specimens to Leaellynasaura amicagraphica, based upon 
features shared between these femora and the femur of P185992 (sensu 
Rich and Rich, 1989b; Rich and Vickers-Rich, 1999), as similarly 
unsupported.

FIGURE 13. Partial left maxilla of Atlascopcosaurus loadsi P185970 
(Rich and Rich, 1989), discovered at the Slippery Rock Site in 1986. 
Specimen shown in ventral view. Scale bar equals 1 cm.

CONCLUSIONS
Our sedimentological investigation of the Slippery Rock Site 

shows that the unit in which the tunnel complex was driven to access 
the fossil-bearing strata (herein unit 3), formed in a meander loop of 
a river channel that incised an older unit, possibly a floodplain lake. 
We further termed this fossil-bearing unit the “Tunnel Sandstone.” 
Disassociated and associated vertebrate fossils excavated from the 
Tunnel Sandstone were deposited under conditions of variable, in-
channel, hydraulic flow, either on the toesets of the point bar or on the 
floor of the meander loop. This new assessment of the site significantly 
contrasts with previous interpretations of the fossil hosting facies in 
which the associate vertebrate fossils accumulated as indicative of a 
quiet-water depositional setting such as a billabong, oxbow lake or 
pond (sensu Gross et al., 1993; Rich and Vickers-Rich, 2000; Rich et 
al., 2010). 

Resulting from our new assessment of in-channel hydraulic flow, 
we regard the total assemblage of associated and disassociated vertebrate 
fossils excavated from the Tunnel Sandstone as time-averaged. We 
further consider that the scattered, associated ornithopod remains in 
this deposit potentially represent an allochthonous accumulation of 
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scattered body parts that arrived at this site following an unknown period 
of transport downstream in the river channel. Based on these findings, 
we consider all current and future assignments to Leaellynasaura 
amicagraphica should be confined to specimens that unequivocally 
demonstrate anatomical features congruent with those features on the 
holotype cheek specimen (P185991), or be shown to contain features 
compliant with those on conclusively referred specimens. 

We do not dispute the possibility that the cranial table (P185990) 
and partial postcranium (P185992/P185993) could pertain to 
Leaellynasaura amicagraphica, as traditionally assumed; however, 
current taphonomic inference does not support these assignments. 
This study reiterates the importance of collecting maximum contextual 
information during the excavation of fossils and how taphonomic 
interpretation can at times influence taxonomic decisions.
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APPENDIX

Units of the Slippery Rock exposure underlying and overlying the 
Tunnel Sandstone (unit 3). The four units described herein correspond 
to the stratigraphic column in Plate 4. The Tunnel Sandstone (unit 3) is 
described in the main text. 

Unit 1
Description. The base of unit 1 (=lower part of Felton’s, 1997, 

Rotten Point unit 10) was not included in the region of this study. The 
exposure comprises a 5-m-thick-trough cross-laminated sandstone 
overlain by 3 m of interbedded plane-laminated and cross-laminated 
mudstone (fine-grained sandstone/siltstone/claystone), capped by a 
purplish-stained claystone. The cross-laminae are climbing ripples. 
A layer of coalified plant fossils is present in mudstone ~2 m below 
the top of the unit. A large isolated block from this level has three-
dimensional conifer fossils. The upper mudstone-dominated beds are 
interrupted by a sandy horizon with climbing ripples. Some of the 
trough cross-laminated sets in the lower part of the unit are ~1.5 m 
in width. Root traces and vertical filled invertebrate burrows, some of 
which are U-shaped, are apparent at the top of the unit. 

Interpretation. The large-scale, trough cross-laminated 
sandstone at the base of the exposure is indicative of mobile three-
dimensional dunes deposited on a channel floor (e.g., Walker and Cant, 
1984). The channel sand was overlain by sheet sand indicative of an 
overbank deposit. The contact between the mudstone-dominated beds 
and sandstone with climbing ripples suggests the incursion of a small 
channel or chute. The purplish-stained claystone, invertebrate burrows 
and root traces suggest that prior to re-activation and subsequent 
deposition of unit 2, the top of unit 1 was sub-aerially exposed to 
form a soil.The plant fossils include taxa that resemble the Koonwarra 
assemblage (based on White, 1990), tentatively including: the ferns 
Shenopteris and Amanda; an Equisetaceae; and two Araucariaceae 
(Araucaria and possibly Podozamites, following M. Pole et al., in 
press).

Unit 2 

Description. Unit 2 (=upper part of Felton’s, 1997, Rotten Point 
unit 10) is ~2 m thick and predominantly plane-bedded. The contact 
between units 1 and 2 is undulating. The unit typically fines upward 
from lower sandstone dominated beds to upper mudstone-dominated 
beds. The lowest sandstone beds are between 5 to 20 cm thick, typically 
massive with load structures, although faint cross-laminae are observed. 
The second lowest bed is a claystone-clast-rich sandstone that appears 
coarser grained than the other sandstones in the unit. The beds in the 
middle of the unit are thinly laminated sandstones and sandy claystones. 
The layers are predominantly plane-bedded, and some sandstones have 
low cross-bedding or climbing ripple-laminae. Higher in the unit, the 
claystone layers become thicker, and the sandstones reduce to isolate 
ripples and thin discontinuous lenses. Two thicker sandstone layers (~5 
cm thick) are further observed in these upper strata, one being sharp-
based and massive and the other comprising low, symmetrical rippled 
laminae. Symmetrically rippled bedding surfaces exposed in front of 
the East Tunnel entrance show varying ripple orientations between 
the surfaces, with some ripple crests bifurcating. Vertical, in-filled 
invertebrate burrows are present, some slightly expanded at their bases, 
and others are U-shaped.

Interpretation. Initial deposition of unit 2 is likely to have 
drowned the vegetation and soil at the top of unit 1. The massive 
sandstone beds with sharp bases and sand supported claystone-clasts 
are interpreted as sandy debris flows. These sediments may have been 
deposited in standing water by density currents, akin to a high density 
turbidites (see Lowe, 1982) and resemble the sandy debris flows 
described by Shanmugam (1996). These lower beds could have been 
channelized or represent significant overbank discharge. The load-balls 
indicate the sinking of a mud layer into liquefied sand (e.g., Lowe, 1975 
pp 178, 180). The sandstone and sandy-siltstone beds with undulating 
laminae and lenses of climbing-ripple cross-bedding are interpreted 
as sheet-flood deposits, suggesting upper stage flow in shallow water, 
possibly including antidunes migrating upstream (e.g. Leeder, 1999 
p. 155). Some of the ripples may have migrated downstream forming 

lenses within the undulation hollows, but these could also be re-
depositional lenses from the eroding antidunes (following Leeder, 
1999). The combination of antidunes and climbing ripples fluctuating 
around plane-laminated bedding suggests pulses between upper and 
lower regime flow (following Selley, 1988 p. 85). Taken together, the 
two types of sandstones in unit 2 suggest deposition by periodically 
flooding rivers in a shallow floodplain lake. The thinner sandstone 
beds towards the top of unit 2 were presumably deposited more distal 
to the channel tract. These thin beds were inhabited by invertebrate 
burrowers that resemble Macanopsis (following Pemberton et al., 
1992), suggesting that at times, the sediments were relatively stable 
(Labrecque et al., 2011). However, these beds appear to have been 
punctuated by episodic overbank flooding suggested by the incursion of 
thicker sandstone layers. The symmetrically rippled layer near the top 
of the unit suggests that the lake was at times sufficiently shallow for 
wind-driven waves to modify the lake floor. Ichnofossils collected on 
an isolated slab during this present investigation (identified as avian and 
small-bodied non-avian theropod tracks by Martin et al., 2014) could 
derive from the shallow lacustrine beds of unit 2. 

Unit 4
Description. Unit 4 (=Felton’s, 1997, Rotten Point unit 12; Figs 

4.9-4.11) consists of ~3 m thick beds of plane-bedded and climbing 
ripple-bedded sandstone into a large-scale trough cross-bedded 
sandstone, which is overlain by ~5 m of plane-bedded sandy-siltstone 
and sandy-claystone in two packages, each of which is capped by a 
purplish claystone. In places, some of the sandstones are massive. 
Polymictic slabs, cobbles and clasts are present in the lower sandstone 
beds. A layer ~0.6 m thick of grayish claystone is observed at the top 
of the unit.

Interpretation. The lowest plane-bedded and climbing ripple-
bedded into trough cross-bedded sandstones are interpreted as 
migrating linguoid dunes at the base of a large meandering channel 
(e.g., Walker and Cant, 1984). Similar to the Tunnel Sandstone (unit 
3), the slabs in the basal beds likely derive from cutbank collapse (e.g., 
Jackson, 1981). The channel appears to have stacked vertically over 
the Tunnel Sandstone causing little erosion of its topsets. The lower 
channel beds were overlain by sheet sand and silt indicative of an 
overbank deposit. Sub-aerial exposure of these overbank beds occurred 
in two episodes forming soils. The claystone bed at the top of the unit 
could be a lacustrine deposit. Deposition of the unit occurred in at least 
three flood cycles. Vertebrate fossils have not been reported in unit 4. 
The depositional style of unit 4 resembles unit 1. 

Unit 5
Description. Unit 5 (= Felton’s, 1997, Rotten Point unit 13; Fig. 

4.10) consists of ~8 m thick beds of a massive clast-rich sandstone, 
passing up into plane-bedded and large-scale trough cross-bedded 
sandstones. The massive, basal, claystone-clast-rich sandstone is at 
least 0.8 m thick and contains coalified plant fragments and wood. The 
lateral extent of the basal clast-rich sandstone is uncertain. The plane-
bedded sandstone is ~1.2 m thick and eroded by the overlying trough 
cross-bedded sandstone, with deep scours evident. The trough cross-
bedded sandstone forms the upper 6 m of the exposure.

Interpretation. The massive clast-rich sandstone at the base 
of unit 5 suggests massflow at the base of a channel, coinciding with 
significant reactivation above the overbank beds of unit 4. Erosion of the 
clast rich sandstone at the unit base by plane-bedded sandstone suggests 
deposition in high regime flow (following Southard and Boguchwal, 
1990) that possibly occurred during the same episode of flooding 
under which the lower beds were deposited. Dunes, represented by the 
large-scale trough cross-bedded sandstone, likely developed during 
waning flow (following Southard and Boguchwal, 1990). The clast-rich 
sandstone at the base of unit 5 yields disassociated vertebrate fossils 
and is known as “Dinosaur Cove East” and the “Lake Copco site” (Rich 
and Vickers-Rich, 1994, 2000). These vertebrate-fossil-bearing sites are 
located ~42 m NW of Slippery Rock West Tunnel entrance (Fig. 1C). 
The vertebrate-fossil-bearing horizons of the Tunnel Sandstone and 
Dinosaur Cove East are separated by a stratigraphic depth of ~10.5 m.
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PLATE 1. Slippery Rock tunnel complex at the end of 1989 (redrawn from Rich and Rich, 2000, fig. 34) with assumed relative positions of 
associated ornithopod fossils (P185990 to P185993, P186047) and fused neotetanuran pubes (P186046), based on site sketch map kept with 
P186046 (MV collections). A, Plan view. B, First Cross Tunnel: vertical section looking west.
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PLATE 2. Palaeopositional restoration of east Gondwanan landmasses at ~113 Ma, showing basin systems of Australia (based on Bradshaw et 
al., 2003; Bryan et al., 1997; Bryan et al., 2000; Dettmann et al., 1992; Müller et al., 2012; Norvick and Smith, 2001; Wandres and Bradshaw, 
2005). Abbreviations: BaB, Bass Basin; BiB, Bight Basin; CaB, Carpentaria Basin; CgB, Canning Basin; CnB, Carnarvon Basin; EAVP, Eastern 
Australian Volcanic Province; EB, Eromanga Basin; ESTR, Eastern Southern Tasmanian Rise; EuB, Eucla Basin; GB, Gippsland Basin; LHR, 
Lord Howe Rise; NAARS, Northern region of Australian-Antarctic rift system; NR, Norfolk Ridge; NZEP, New Zealand Eastern Province; 
NZWP, New Zealand Western Province; OfB, Officer Basin; OtB, Otway Basin; PB, Perth Basin; PBo, Extensional plate boundary (Australia-
Antarctica); QP, Queensland Plateau; SAARS, Southern region of Australian-Antarctic rift system; SB, Surat Basin; TC, Tutiko Complex; WARS, 
Western Antarctic Rift System.
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PLATE 3. Chronostratigraphically calibrated spore-pollen zones for the Otway Group (Partridge, 2006), with sub-stage ages updated from Ogg 
and Hinnov (2012).
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PLATE 4. Stratigraphic column of the Eumeralla Formation at the Slippery Rock site, Dinosaur Cove. Additional descriptions of the units (1, 2, 4, 
5) above and below the Tunnel Sandstone (unit 3) are provided in the Appendix.
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PLATE 5. Hand specimen S1 sampled from near the East Tunnel entrance (see Fig. 2) at the boundary of units 2 and 3 (dashed white line), showing 
an approximately south-facing surface. Abbreviations: cgl, conglomerate; cls, massive claystone; U, unit.
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PLATE 6. Hand specimen S2, from near the entrance of the West Tunnel entrance (see Fig. 2). A, West-facing surface. B, North-facing surface. 
C, East-facing surface. The darker laminae comprise compacted sand-sized claystone grains and the lighter laminae comprise “clearer” sandstone 
(containing less claystone). Abbreviations: cgl, intraformational conglomerate; cl, clast; ltcb, lenticular-shaped small-scale trough cross-beds; sb, 
sharp erosive boundary; snn, laminated sandstone; tcb, trough cross-bed; tr, turbulence ripples.
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PLATE 7. Hand specimen S3, of medium-grained, current rippled sandstone, sampled between 0.4 to 0.5 m above the Tunnel Sandstone base (see 
also Fig. 2). A, Showing location of S3 (circled) on the remnant portion of the rock pillar, relative to the junction of the West Tunnel and First Cross 
Tunnel. Unit 2 is below the bottom of the vertical scale pole. B, Broken end of S3 showing laminae of coalified plant fragments (dark patches) 
within the sandstone. C, South-southwest-facing surface showing rippled laminae, erosive boundary between layers, coalified plant layers (black 
streaks particularly in top layer) and alternating laminae of, highly compacted sand-sized claystone grains, and “clearer” sandstone. Scale pole 
increments in A equal 10 cm and scale increments in C equal 1 mm.
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PLATE 8. Vertical section (slide) from block of fine-grained sandstone 
into coarse siltstone hosting the cranial table (P185990; Fig. 4). The 
fossil is in the siltstone approximately 1 cm above the top of the slide. 
Scale increments equal 1 mm.

PLATE 9. Vertical section of current rippled sandy-siltstone to siltstone hosting the Leaellynasaura amicagraphica holotype cheek fragment 
(P185991; Fig. 3). The fossil is within the sandy-siltstone at the bottom of the block. Scale increments equal 1 mm.
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PLATE 10. Vertical section of medium-grained sandstone hosting the partial ornithopod postcranium (P185992/P185993; Fig. 5A). A, Surface 
parallel to the spinal axis near the anterior region of the tail (P185992) showing undulating/wavy laminae. B, Close-up of region shown in the left 
of A. C, Surface parallel to the spinal axis near the terminal region of the tail showing the erosive boundaries (eb) between layers. D, Close-up 
of orthogonal surface indicated by arrow in C. Darker laminae in A and B are highly compacted sand to silt-sized claystone grains. Black streaks 
are coalified plant fragments. The terminal end of the tail in A and B is “downslope” towards the left. Scale increments in A and B equal 1 cm and 
scale bars in C and D equal 2 cm.
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PLATE 11. Vertical sections of host block hosting the fused neotetanuran pubes (P186046; Fig. 6), showing lamination features described in text. 
The west and south surfaces are postulated from site information shown in Plate 1. The darker bands comprise compacted sand-sized claystone 
grains and small platy claystone clasts. Dashed line indicates west surface as shown. Abbreviations: cl, clast(s); er, eddy/turbulence ripples.

PLATE 12 (facing page). Vertical sections of the blocks hosting the partial ornithopod postcranium (P186047; Fig. 5B). A, Surface “a” in Figure 
5B showing overlapping cross-bedded laminae and ripples (faint bedform laminations have been slightly enhanced digitally). B, Surface “b” in 
Figure 5B (orthogonal surface to “a”) showing laminae and current aligned clasts. The sweeping curved lines are saw marks. Abbreviation: cl, 
clast(s).
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PLATE 13. Vertical section of medium grained sandstone hosting the partial actinopterygian (P186845; Fig. 8). The dark laminae comprise sand-
sized claystone grains and lighter laminae comprise “clearer” sandstone.




