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A palynological investigation of sedimentary rocks enclosing an exceptionally well-preserved fossil
dinosaur (Hadrosauridae) discovered in the upper part of the Hell Creek Formation in south western
North Dakota was conducted in order to document the immediate paleoenvironment of this dinosaur.
The specimen, an Edmontosaurus annectens is remarkable in having exceptional three-dimensional
preservation of soft tissue around the skeleton, indicating rapid burial. A well-preserved palynological

Keywords: assemblage dominated by fern and bryophyte spores, with lesser gymnosperm and angiosperm pollen
Hell Creek . .

Maastrichtian was recovered. Sparse fresh-water algae and marine dinoflagellate cysts were also recorded. The paly-
Paleoclimate nofacies is dominated by wood fragments, including charcoal, with little amorphous organic matter. The
Palynology presence of some typical pollen taxa of the Wodehouseia spinata Assemblage Zone including Striatelli-
Hadrosaur pollis striatellus, Tricolpites microreticulatus, Leptopecopites pocockii as well as a diverse suite of Aquila-
Dinosaur pollenites, is fully consistent with a Late Cretaceous (late Maastrichtian) age. The palynoflora indicates a
Swamp local vegetation composed of a canopy of conifers dominated by Pinaceae and a minor sub-canopy of

Taxodium and cycads, as well as an understory of hydrophilous ferns, mosses and herbaceous angio-
sperms, indicative of a warm and humid climate — an environment where this specific hadrosaur
roamed over 66 million years ago.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction connected to this event where global food webs were disrupted

(Vajda et al., 2001, 2004; Ocampo et al., 2006: Chin et al., 2013).

The Hell Creek Formation represents the uppermost Cretaceous
sedimentary unit of central USA, more specifically in North Dakota,
South Dakota, and Montana (see papers in Hartman et al., 2002).
The sediments of the Hell Creek Formation preserve an abundant
fossil fauna, including some of the last non-avian dinosaurs to have
roamed the earth (Pearson et al., 2001; Lyson et al., 2012). The non-
avian dinosaur fauna present in the Hell Creek Formation disap-
pears at the Cretaceous—Paleogene boundary (e.g. Lyson et al., 2012
and references therein) reflecting the global extinction of species

* Corresponding author. Tel.: +46 46 222 4635.
E-mail address: vivi.vajda@geol.lu.se (V. Vajda).

0195-6671/$ — see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.cretres.2013.08.010

Dinosaur assemblages from the Hell Creek and contemporaneous
formations (i.e., Scollard, Willow Creek, North Horn, Frenchman,
Lance Creek, Denver, and McRae) of the Western Interior of North
America and Canada were dominated by megaherbivores such as
Triceratops spp. and Edmontosaurus annectens, together with large
carnivores such as Tyrannosaurus rex (Pearson et al., 2002; Sampson
and Loewen, 2005; Lyson and Longrich, 2011).

An exceptionally well-preserved “mummified” hadrosaur
dinosaur (MRF-03), referred to Edmontosaurus annectens (sensu
Campione and Evans, 2011), was discovered in 1999 in a thick
sandstone unit within the Upper Cretaceous Hell Creek Formation,
northwest of Marmarth, North Dakota (Fig. 1A, B and 2A). The
specimen was excavated from a 6 m-thick unit of sandstone rep-
resenting the lateral accretion of a large point-bar. Soft tissue is
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Fig. 1. A) Geological map of the study area. Location of the hadrosaur specimen (MRF-03) is marked with X. B) Geochronologic context and approximate stratigraphic position of

MRF-03 within the Hell Creek Formation.

preserved in siderite and manganese-rich calcium carbonate
(Manning et al., 2009) and the specimen consists of an articulated
individual, with three-dimensional integument (Fig. 2B) encasing
at least one arm and hand, both feet, legs, and tail.

Within the latest Maastrichtian of North America, palynology
has largely been used as a tool to help locate the Cretaceous—
Paleogene (K—Pg) boundary. These results are outlined and sum-
marized in Hartman et al., (2002), Nichols (2002, 2007), Nichols
and Johnson (2008) and references therein, and more recently in
Bercovici et al. (2009a, 2011, 2012). Herein we analyze the paly-
nological assemblage of a fluvial sandstone, from the lower third of
the Hell Creek Formation, encasing the exceptionally well pre-
served specimen of Edmontosaurus annectens (specimen MRF-03)
with the specific aim of reconstructing the local vegetation and
paleoenvironment of this particular site. This hadrosaur specimen

was selected as it is extremely well-preserved (Manning et al.,
2009), and thus represents a unique window in time for paleo-
environmental reconstruction.

2. Geology and age

Within the Western Interior Basin, the K—Pg boundary has been
identified at numerous sites from New Mexico to the Northwest
Territories (Nichols and Johnson, 2008; Braman and Sweet, 2012
and very recently by Srivastava and Braman, 2013). occurring
within magnetochron 29r (Lerbekmo et al., 1996). In North Dakota,
South Dakota, and Montana, including where MRF-03 was found,
the K—Pg boundary occurs in close stratigraphical proximity with
the formation contact between the Hell Creek Formation and the
overlying Fort Union Formation (Fig. 1; Johnson et al., 2002; Nichols

Fig. 2. A) Photograph of MRF-03 dig site and B) preservation of mineralized soft tissue.
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Table 1

General quantitative palynological data. Numbers represent the amount of taxa
counted and percentage of each main group used in the palynological chart (Fig. 3) is
also indicated.

Taxa Count

Bryophytes 4.0%
Stereisporites spp. 16

Ferns 43.3%
Azolla cretacea Stanley, 1965 1
Azolla microspores 1
Cicatricosisporites spp. 3
Cyathidites spp. 68
Cyathidites australis Couper, 1953 *
Cyathidites diaphana (Wilson and Webster, 1946) *

Nichols and Brown, 1992
Cyathidites minor Couper, 1953

Deltoidospora sp. 18
Gleicheniidites spp. 20
Laevigatosporites spp. 58

*

Laevigatosporites major (Cookson, 1947)
Krutzsch, 1959
Laevigatosporites ovatus Wilson and Webster, 1946
Leptolepidites tenuis Stanley, 1965
Polycingulatisporites sp.
Reticuloidosporites pseudomurii Elsik, 1968
Trilete spore sp. A
Trilete spore sp. B
Trilete spore sp. C

Pteridosperms
Alisporites spp.
Alisporites cf. thomasii (Couper 1958) Nilsson 1958 *
Vitreisporites sp.

Gymnosperms 30.7%
Cerebropollenites macroverrucosus (Thiergart, 1949) *
Pocock, 1970
Classopollis spp.
Cycadopites spp. 14
Cycadopites follicularis Wilson and Webster, 1946
Cycadopites granulatus (De Jersey, 1962)
De Jersey, 1964

F o N

*

Ephedripites multipartitus (Chlonova, 1961) 1
Yu et al., 1981
Bisaccates including: 95

Piceapollis sp.

Pinuspollenites sp.

Pinuspollenites labdacus Potonié, 1958
Podocarpidites spp.

Taxodiaceaepollenites spp. 11
Taxodiaceaepollenites hiatus (Potonié, 1932) *
Kremp, 1949

Dicotyledons 16.5%
Aquilapollenites attenuatus Funkhouser, 1961 1

Aquilapollenites catenireticulatus Srivastava, 1968
Aquilapollenites collaris (Tschudy and Leopold, 1971)

Nichols, 1994

Aquilapollenites conatus Norton, 1965 2
Aquilapollenites quadrilobus Srivastava and 1
Rouse, 1970

Aquilapollenites reductus Norton, 1965 1
Aquilapollenites senonicus (Mtchedlishvili, 1961) *
Tschudy and Leopold, 1971

Chenopodipollis sp. 1
Ericipites sp. *
Kurtzipites circularis (Norton in Norton and 1
Hall, 1969) Srivastava, 1981

Kurtzipites trispissatus Anderson, 1960 1
Leptopecopites pocockii (Srivastava, 1967) 2
Srivastava, 1978

Momipites inaequalis Anderson, 1960 *
Simplicepollis rallus (Stanley, 1965) 1
Nichols and Brown, 1992

Striatellipollis striatellus (Mtchedlishvili, 1961) 1
Krutzsch, 1969

Tricolpites spp. 4
Tricolpites microreticulatus Belsky et al., 1965 27
Triorites minor Couper, 1953 *
Triporopollenites spp. 20

Table 1 (continued )

Taxa Count

Tschudypollis spp.

Ulmipollenites krempii (Anderson, 1960) 3
Frederiksen, 1979

Algae 4.0%
Chomotriletes fragilis Pocock, 1962 *
Pediastrum sp. 2
Schizophacus sp. 14

Schizophacus laevigatus (Stanley, 1965)
Nichols and Brown, 1992
Unidentified algal cyst

*

Dinoflagellates 1.5%
Dinoflagellates 6
Total taxa: 60 Total

counted: 400

and Johnson, 2008). It may locally be marked by a discontinuous
but distinct 1 cm-thick white layer containing the physical markers
(i.e. shocked quartz and spherules) and the geochemical markers
(i.e. Ir, Ni, Cr, Co anomalies) of the asteroid impact (Izett, 1990;
Bohor, 1990; Ferrow et al., 2011) that formed the Chicxulub crater
on the Yucatan platform 66.0 million years ago (Wigforss-Lange
et al.,, 2007; Renne et al., 2013).

The study area was located on the western shore of the
epicontinental Western Seaway (Sampson and Loewen, 2005;
Braman and Sweet, 2012). The sedimentary succession as a whole
consists of mudstones, siltstones and sandstones characteristic of
terrestrial fluvio-deltaic deposits (Fig. 2A). Swampy environments
characterized by peats were locally developed and there is also
some evidence of brackish-water environments represented by the
marine Breien Member of the Hell Creek Formation further east of
the site of investigation (Murphy et al., 2002; Hoganson and
Murphy, 2002). The thickness of the Hell Creek Formation in this
area is about 110 meters and represents approximately 1.4 Myr in
time (Fig. 1; Hicks et al., 2002).

3. Material and methods

The sandstone matrix immediately below the tail of the
Edmontosaurus annectens specimen (MRF-03) was sampled for
palynological analysis. The sample was processed according to
standard palynological procedures at Global GeoLab Ltd, Canada. 20
grams of sandstone were first treated with dilute hydrochloric acid
(HCI) to remove calcium carbonate, and subsequently macerated by
leaving the sample in 75% hydrofluoric acid (HF), followed by

Algae (4.0%) Dinoflagellates (1.5%)
Bryophytes (4.1%)

Angiosperms (16.5%)

Gymnosperms
(30.7%)

Fig. 3. Graphical representation of the percentages of palynomorphs.
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treatment in HCl. One Lycopodium tablet (batch 1031, Department
of Geology, Lund University) was added in order to calculate the
recovery of organic particles per gram of sedimentary rock.

The organic residue was sieved using a 10 um mesh and

Fig. 3) and two entire slides were thoroughly examined to check for
the presence of remaining rare taxa (marked by * in Table 1). A
representative selection of palynomorphs was photographed and
post-processed using extended depth of field reconstruction tech-

mounted in epoxy resin on two microscopic slides. Four hundred
palynomorphs were included in the quantitative analysis (Table 1;

niques (Bercovici et al., 2009b; Fig. 4). The palynofacies analysis
involved counting the relative abundance of organic particles based

Fig. 4. 1-50; Extended depth of field light micrographs of representative palynomorphs from the investigated sample, scale bar equal 50 um. 1, Stereisporites spp.; 2, Laevigato-
sporites major (Cookson, 1947) Krutzsch, 1959; 3, Laevigatosporites ovatus Wilson and Webster, 1946; 4, Reticuloidosporites pseudomurii Elsik, 1968; 5, Cyathidites diaphana (Wilson
and Webster, 1946) Nichols and Brown, 1992; 6, Cyathidites minor Couper, 1953; 7, Gleicheniidites spp.; 8, Trilete spore sp. A; 9, Cyathidites australis Couper, 1953; 10, Cyathidites
australis Couper, 1953; 11, Cicatricosisporites spp.; 12, Azolla microspore; 13, Trilete spore sp. B; 14, Leptolepidites tenuis, Stanley, 1965; 15, Trilete spore sp. C; 16, Classopollis spp.; 17,
Classopollis spp.; 18, Cerebropollenites macroverrucosus (Thiergart, 1949) Pocock, 1970; 19, Cycadopites follicularis Wilson and Webster, 1946; 20, Cycadopites spp.; 21, Cycadopites
spp.; 22, Cycadopites granulatus (De Jersey, 1962) De Jersey, 1964; 23, Taxodiaceaepollenites hiatus (Potonié, 1932) Kremp, 1949; 24, Alisporites cf. thomasii (Couper, 1958) Nilsson
1958; 25, Alisporites spp.; 26, Pinuspollenites sp.; 27, Pinuspollenites labdacus Potonié, 1958; 28, Piceapollis sp.; 29, Podocarpidites spp.; 30, Vitreisporites sp.; 31, Aquilapollenites collaris
(Tschudy and Leopold, 1971) Nichols, 1994; 32, Aquilapollenites conatus Norton, 1965; 33, Aquilapollenites quadrilobus Srivastava and Rouse, 1970; 34, Aquilapollenites senonicus
(Mtchedlishvili, 1961) Tschudy and Leopold, 1971; 35, Aquilapollenites catenireticulatus Srivastava, 1968; 36, Striatellipollis striatellus (Mtchedlishvili, 1961) Krutzsch, 1969; 37,
Leptopecopites pocockii (Srivastava, 1967) Srivastava, 1978; 38, Tschudypollis spp.; 39, Simplicepollis rallus (Stanley, 1965) Nichols and Brown, 1992; 40, Kurtzipites trispissatus
Anderson, 1960; 41, Kurtzipites circularis (Norton in Norton and Hall, 1969) Srivastava, 1981; 42, Ulmipollenites krempii (Anderson, 1960) Frederiksen, 1979; 43, Momipites inaequalis
Anderson, 1960; 44, Triorites minor Couper, 1953; 45, Ericipites sp.; 46, Tricolpites microreticulatus Belsky et al., 1965; 47, Tricolpites spp.; 48, Schizophacus laevigatus (Stanley, 1965)
Nichols and Brown, 1992; 49, Freshwater algae; 50, Chomotriletes fragilis Pocock, 1962.
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A
Count  Percent Recov./g
I: Palynomorphs
Pollen grains 41 8.2% 994
Spores 11 22% 267
Il: SOM
Black wood 59 11.8 % 1430
Brown wood 245 49.0 % 5939
Charcoal 46 9.2 % 1115
Cuticles 17 34 % 412
Phytoclasts 38 7.6 % 921
lll: USTOM 43 8.6 % 1042
Total 500
Lycopodium spores 43

B
Spores (2.2%)
USTOM Pollen grains (8.2%)
(8.6%)

Cuticles (3.4%)

Phytoclasts (7.6%)

Charcoal (9.2%)
Brown wood

(49.0%)

Black wood (11.8%)

Fig. 5. Graphical representation of the percentages for each palynofacies categories (SOM: Structured organic matter, USTOM: Unstructured organic matter).

on 500 counts (Fig. 5). Classification of palynological matter was
based on Batten'’s (1996) scheme adjusted to the local palynofacies,
therefore not all sub-groups from Batten’s classification system are
represented within this study; (I) Palynomorphs—including the
sub-categories; pollen, spores and dinoflagellates (II) Structured
Organic Matter (SOM)—including the sub-categories; black wood,
brown wood, charcoal, cuticles and phytoclasts. (IlI) Unstructured
Organic Matter (USTOM). The slides are deposited in the Marmarth
Research Foundation collections, USA.

4. Results
4.1. Palynology

The sample yielded a well-preserved palynoflora of medium
diversity; 60 miospore taxa were identified (including 19 spore
taxa, 3 seed fern taxa, 12 gymnosperm pollen taxa, 21 angiosperm
pollen taxa and four taxa of algal cysts; Table 1). Additionally, six
specimens of dinoflagellate cysts were recorded.

The ferns are chiefly represented by trilete spore taxa such as
Cyathidites, Deltoidospora and Gleicheniidites spp. (ca. 27% of total
palynomorphs) followed by the monolete fern spore Laevigatosporites
(14.5%; Table 1). Conifers dominate the gymnospermous component,
mainly represented by bisaccate pollen grains probably representing
Pinaceae and seed-ferns (bisaccate pollen grains attributed to seed-
ferns were recorded as part of the extended rare taxa count). Cyca-
dopites pollen grains attain 4% of the total palynomorphs.

The angiosperm component is dominated by Tricolpites,
together with a range of other tricolpate and triporate pollen types
(Table 1). Biostratigraphically important taxa include Striatellipollis
striatellus, Tricolpites microreticulatus, Leptopecopites pocockii and
several species belonging to Aquilapollenites, collectively indicating
a late Maastrichtian age.

4.2. Palynofacies analysis

The organic residue is heavily dominated by wood fragments
(61%) of which brown wood makes up the larger portion. Sub-
stantial amounts of charcoal are also present (9%). Miospores
(pollen + spores) constitute only 10% of the organic matter
(Fig. 5). Dinoflagellates were not encountered within the count
of 500 organic particles. Total number of organic particles per
gram of sediments is calculated to 12,092 of which 1210 are
miospores.

5. Discussion and paleoenvironmental interpretation

Dinosaurs with soft-tissue preservation are rare in the fossil
record mainly due to bacterial decay and scavenging, but also due
to damage by sedimentological processes where soft parts are
destroyed prior to burial and fossilization (Briggs et al., 1997;
Anderson et al.,, 1998; Bell, 2012). Most dinosaur skin impres-
sions are incomplete, but in some cases reveal fine morphological
details of the integument (Anderson et al., 1998; Bell, 2012). The
hadrosaur specimen MRF-03 has the majority of its skin preserved
three-dimensionally around the skeleton and thus provides
additional insights into the soft tissue anatomy of Edmontosaurus
annectens.

The completeness of the specimen indicates that it has not been
subjected to any significant transport and the high fidelity preser-
vation further indicates rapid post-mortem burial (Manning et al.,
2009). Thus the palynomorphs preserved in the sediments encas-
ing the hadrosaur reflect the regional vegetation at the immediate
time of deposition (Fig. 6).

The pollen and spore record reveals diverse vegetation with
elements of subtropical to warm-temperate forests dominated
by ferns, with fewer gymnosperms. The ferns, which most likely
grew on riverine flood plains, were mainly represented by plants
related to modern Blechnum (Laevigatosporites), Osmundaceae
(various trilete spore-taxa) and Gleicheniaceae (Gleicheniidites
spp.) see Raine et al. (2011). Additionally, the presence of the
water-fern Azolla indicates that this ecosystem incorporated
mesothermal ponds or lakes (Vajda-Santivanez, 1999; Vajda and
McLoughlin, 2005). The pollen signal indicates a canopy domi-
nated by a range of evergreen needle trees producing bisaccate
pollen grains (79% out of gymnosperms) grains. It is difficult to
identify the affinities of the plants producing the bisaccate pol-
len grains but Pinaceae, Podocarpaceae and seed-ferns (pteri-
dosperms) are likely candidates. Alisporites-type pollen, probably
produced by seed-ferns, constitutes a notable component of the
bisaccate pollen group. Seed-ferns went extinct, together with
over 75% of the global fauna and flora at the K—Pg boundary
event, except in southeastern Australia (including Tasmania)
where one corystosperm and one bennettitalean lineage sur-
vived into the Paleogene (McLoughlin et al., 2008, 2011).
Although seed ferns declined through the Cretaceous, Taylor
et al. (2006) noted that Caytoniales (Sagenopteris) are recorded
from several Upper Cretaceous sites of the Northern Hemi-
sphere, including the USA, making this group a possible
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Fig. 6. Reconstruction of the Late Cretaceous ecosystem in which the hadrosaur dinosaur specimen (MRF-03) lived based on the fossil pollen assemblages described in this article.
Artwork by Alain Bénéteau.

candidate for the Alisporites pollen detected in the palynological
assemblage.

Other gymnosperms include cycads (11% out of gymnosperms),
and pollen produced by Taxodium and/or Glyptostrobus (9% out of
gymnosperms). The presence of Taxodium-related vegetation is
further corroborated by e.g. macrofossils of Taxodium present in
upper Maastrichtian deposits of the Fox Hill Formation, North
Dakota (Peppe, 2003) and in Canadian deposits of the Edmonton
Fm./Horseshoe Canyon Fm., pollen referable to those of Glyptos-
trobus, Sequoia and Taxodium have been reported (Srivastava, 1970)
together with fossil taxodiaceous wood (Ramanujam and Stewart,
1969).

Plant groups producing monosulcate pollen include Ginkgo,
cycads, and bennettites. Although bennettites have been encoun-
tered in the Maastrichtian of western North America (Stockey and
Rothwell, 2003), they are generally sparse by the close of the
Cretaceous and cycads are the most likely source of such pollen
(Nichols and Johnson, 2008). This is further supported by results by
Peppe (2003) who states that macrofossils of the cycad Nilssonia are
strikingly common in the upper Maastrichtian Fox Hill Formation.
Uncommon gymnosperm pollen taxa in the assemblage include
Classopollis spp. produced by the important Mesozoic conifer
Cheirolepidiaceae, which was a dominant component of Jurassic
ecosystems (Jansson et al., 2008) and persisted so in South America
through the Cretaceous (Barreda et al., 2012) but shows a declining
importance to the end of the Cretaceous in North America and
Europe (Axsmith et al., 2004; Axsmith and Jacobs, 2005; Traverse,
2007; Nichols and Johnson, 2008).

Flowering plants (angiosperms) were mostly represented by
herbaceous forms. Tricolpites microreticulatus Belsky et al. (1965),
which in the Southern Hemisphere is traditionally attributed to
Gunnera (river pumpkin, wild rhubarb), dominates the angiosperm
component in the studied sample.

It should however be pointed out that discrepancies exist be-
tween palynological and macrofloral assemblages in the fossil re-
cord and, in general, the pollen suggests a greater diversity of flora

than that indicated by the macroflora, thus certain components are
not represented in the macroflora assemblage (Pole and Vajda,
2009). Throughout the Hell Creek Formation, the angiosperms
dominate in terms of diversity, representing over 86% of the mac-
roflora (Johnson, 2002). This contrasts with the pollen and spore
record which is instead dominated by fern spores and gymnosperm
pollen (Fig. 3). This discrepancy may be explained by taphonomical
and ecological biases, given that angiosperms can shed leaves
seasonally in vast amounts while most conifers require more
exceptional events such as heavy wind breaking of twigs and
branches in order for them to make it into the macrofloral fossil
record. Further, a substantial portion of the angiosperms were
possibly insect pollinated thus producing considerably less pollen
than the wind pollinated conifers. Accurate reconstruction of the
local environment of MRF-03 requires contributions from both the
macrofloral and the pollen record, considering that flowering
plants are under-represented in the palynological record.

The palynofacies is characterized by a strong dominance of
wood particles and scarcity of amorphous organic matter. This fa-
vors a high-energy, non-marine depositional setting such as a
fluvial channel deposit, followed by rapid burial preventing further
degradation. The dinosaur’s presence within a sandstone channel
deposit is congruent with the hypothesis that some hadrosaurs
preferentially occupied environments proximal to river systems,
whereas some other ornithischians, e.g., ceratopsian horned di-
nosaurs occupied drier parts of the associated floodplain (Lyson
and Longrich, 2011).

Modern swamp environments host a broad range of commu-
nities including ponds, swamp cypress mires, and drier sites with
Pinaceae woodlands (Richardson, 2010), containing taxa similar to
the assemblage in the studied Hell Creek Formation. Furthermore,
ponds in extant subtropical wetlands host notably different
vegetation compared to the drier flood plain assemblages. The
ponds support a broad range of aquatic angiosperms, e.g., Nym-
phaea (water lily), fresh-water algae and aquatic ferns, such as
Azolla (Richardson, 2010). The presence of Azolla and non-marine



120 V. Vajda et al. / Cretaceous Research 46 (2013) 114—122

algae such as Pediastrum in the Hell Creek Formation flora offers
additional support for this environmental analogy. We propose
subtropical swamps as a modern analog for the Late Cretaceous
ecosystem studied herein. The presence of a few specimens of
dinoflagellate cysts indicates episodic marine influence. Our
interpretation of a sub-tropical swamp setting for the studied
assemblage is consistent with paleoenvironmental re-
constructions for the upper part of the Horseshoe Canyon For-
mation in Canada, roughly coeval with the Hell Creek Formation
(Eberth and Currie, 2010) for which a warm and wet alluvial—
paludal setting with meandering channels and extensive wetlands
has been inferred (Eberth and Braman, 2012).

The pineland communities in some modern wetlands have
evolved adaptations that both promote and resist fire, as these trees
need fire to regenerate (Richardson, 2010). It is possible that fire
was also a driving force behind the proliferation of several gym-
nosperm and pteridophyte groups in the Hell Creek ecosystem, as
the occurrence of charcoal in the palynological residues reveals that
wildfires were part of this Late Cretaceous ecosystem.

6. Conclusions

A palynological analysis of the sandstone matrix encasing the
hadrosaur MRF-03 from the Hell Creek Formation reveals a well-
preserved late Maastrichtian miospore assemblage. The vegeta-
tion forming the coastal plain ecosystem that the hadrosaur
inhabited, constituted a forest with a canopy of evergreen conifers,
mainly pines but with Taxodium and cycads as additional elements.
Ferns and herbaceous angiosperms grew in the undercover,
providing a prime food-source for the Late Cretaceous herbivorous
dinosaurs of the Hell Creek area. Based on the high abundance of
terrestrial palynomorphs, together with the low abundance of
fresh-brackish water algae, this analysis indicates deposition in a
relatively high-energy delta plain to estuarine environment, where
components from the nearby mire ecosystems are incorporated in
the assemblages.

The presence of charcoal indicates that wildfires were relatively
common in the Hell Creek ecosystem.
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