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ABSTRACT

Ichnology has long been used as a tool to aid in environmental interpretation, but 

has rarely been used as an ethological assessment tool in the Cretaceous Ferron Sandstone 

of central Utah. This study focuses on using trace fossils with detailed sedimentological 

analyses to describe continental, paralic, and shallow marine clastic lithologies from 

extensive outcrop and cores of the Ferron. In addition to applications for environmental 

interpretation, the toponomy and taxonomy of both vertebrate and invertebrate trace fossils 

are examined. The traces are examined in terms of assemblages, and important aspects 

such as palimpsest overprinting by deep-tiered burrowers and trace suites are discussed.

Three new morphotypes of funnel-aperture trace fossils are described from the Ferron 

Sandstone representing two types of funnel-feeding behaviors. Most are representative of 

a head-to-tail circulation, however, one represents a tail-to-head circulation, with a branch 

taxa from the Ferron of Iguanodontipus, Amblydactylus, Chelonipus, and Characichnos. 

Additionally, morphotypes of small to medium theropods, and possible wading birds 

trace Beaconites

rare occurrence of Rhizocorallium in continental settings is also described and discussed.  

 This study of the Ferron Sandstone provides a rare insight into the interrelationship 

of continental and marine traces, as well as provides trace assemblages from both 

environmental examples in temporally related deposits. Most studies often focus on one 

environment or the other; the same applies to vertebrate and invertebrate taxonomy, for 

which the focus is often one or the other. In the Ferron Sandstone, continental traces may 

display more complex behaviors than typically reported. Channel sandstone contains traces 
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Rhizocorallium

Chelonipus Characichnos

Iguanodontipus and Amblydactylus

Beaconites

in contrast contain vertebrate tracks with roots and rare, small diameter Skolithos. In paralic 

were preserved in assemblages containing marine-associated traces such as Thalassinoides 

and Ophiomorpha. Vertebrate trace fossils also occurred as large deformational structures 

along the tops of deltaic mouthbars: this is important to recognize since deformation in delta 

mouthbars is typically associated with the rapid loading of sediment. Tidal channels contained 

assemblages of Ophiomorpha, occasionally Siphonichnus, with interbedded mudstones 

with heavy bioturbation by Thalassinoides

comparable to the proximal to archetypal expressions of the Cruziana Ichnofacies. The 

proximal deposits are more representative of the Skolithos Ichnofacies. When compared 

to other Cretaceous delta deposits, Palaeophycus is grossly underrepresented as a critical 

component of these assemblages. In the case, of Palaeophycus heberti, this may be the 

result of the trace fossils’ often cryptic appearance. Proximal deltaic deposits may show 

additional diversity in the form of deep-tiered overprinting taxa. 

 The most commonly observed overprinting ichnotaxon was Ophiomorpha 

subtending down from the transgressive surface of erosion. The transgressive overprinting 

associations. The trace overprint of palimpsest deposits was very similar regardless of 

whether the overlying environment was a tidal channel, thin transgressive lag, or middle to 

upper shoreface. This is likely because the overlying environments were all shallow, with 

Ophiomorpha being a conspicuous deep tiered representative of these conditions. 
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CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

approaches have been applied to the Ferron Sandstone providing data on petrology, 
sedimentology, paleontology, stratigraphy, structural geology, petrophysics, geophysics, 

provided through ichnology and the examination of mud-dominated intervals has been 

Ichnologic data abounds in the Ferron Sandstone, and numerous authors have reported 

relying instead on the physical sedimentary structures, facies successions, and sandstone 

omission of 

mudstone problem is largely a byproduct of sand-centric lithostratigraphic nomenclature 
and industry driven studies, which have led to a focus on the upper Ferron rather than the 

of more proximal marginal-marine and continental strata.

ichnological analyses with more traditional sedimentology studies, and incorporating 



dimensional examination of ichnotaxa and investigation of lateral relationships between 
facies and trace assemblages, which can be directly related to the core drilled behind the 

environment interpretation when utilizing ichnofacies analysis, especially in deltaic 

models lies in the interpretation of depositional environments. Hence, the dependability 

data set to increase the resolution in the stratigraphic architecture of the Ferron Sandstone, 

in mud-dominated intervals, which are typically not visible in outcrop. Conversely, the 
outcrop provides exposure to the under investigated trace assemblages in lower delta plain 
and paralic deposits that lie landward of the drilled core. This provides a means by which 

to these landward expressions. This study also provides a means by which to test current 
delta front ichnological models, as well as, the utility of ichnology as a stratigraphic tool. 

1.2 ORGANIZATION OF THE DISSERTATION

of this research is publications, this is a paper-based dissertation. Therefore each location 
and the related background are discussed in detail at the beginning of each chapter. The 



basal portion of the sandstone, ichnological analysis helps to differentiate previously 

overprinted by a deeper marine environment, which overprinted the palimpsest paralic 
deposits with deep-tiered Ophiomorpha traces. This partitioning of trace assemblages 
allowed for the recognition of a cryptic transgressive erosive surface and associated marine 

has implications for the importance of ichnology in identifying cryptic stratigraphic 

Ferron Sandstone where intra-sand transgressive surfaces result in naming discrepancies 

an example of the trace assemblages associated with non-deltaic paralic facies deposited 
during transgression in an overall deltaic setting. 

Rhizocorallium and 
Chelonipus 

Rhizocorallium is commonly 

Rhizocorallium likely 

chapter examines Teredolites at the base of a channel, and discusses how the traces were 

traces of brackish deposits as the system progrades. This is important for honing in trace 
assemblage interpretations of channels deposits. A minor discussion is also included into 

Chelonipus and Characichnos
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Chapter 4 delves more into the invertebrate and vertebrate trace relationship. This 

area, but also a few intervals above this for completeness. This increases the number of 

adds new occurrences of tracks attributed to Amblydactylus, Iguanodontipus, small to 
medium theropods, as well as, possible wading shorebirds. Chapter 4 on a larger scale 
provides a view into Turonian vertebrate tracks in the Western Interior Seaway during a 
time of limited terrestrial deposit preservation. This chapter also examines preservation 
according to depositional environment, with the preservation of mold reliefs relying on 

heavily bioturbated by invertebrates as well as vertebrate mechanical deformation in paralic 
environments. In paralic or deltaic settings, where soft sediment deformation is common, 
these vertebrate tracks are likely overlooked, especially in the context of the sediments 

assemblages are notable: a Beaconites-ornithopod track assemblage and a Thalassinoides-
ornithopod track assemblage. The Beaconites-ornithopod track assemblages are recurrent in 

deposits. Conversely, the Thalassinoides-ornithopod track assemblage may constitute a 

 Chapter 5 follows the theme of Chapter 4 in using outcrop to differentiate 

four where ichnotaxa is preserved with a funnel-shaped aperture. Funnel-shaped apertures 
are commonly formed in modern intertidal and shallow subtidal settings by funnel-feeding 

Cylindrichnus, Rosselia, Lingulichnus, Monocraterion, 
and Altichnus

behaviors and their burrows. From this review, it is determined that the funnel-shaped 
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aperture is the most consistent feature of these vermiforms’ burrows, and should be the key 
taxonomic indicator of funnel-shape aperture traces. The trace Altichnus

different with a forward inhalant pipe that allows the circulation of water towards the rear 
instead of the front. Additionally, it is noted that preservation of Altichnus
some form of heterogeneity in the sediment for toponomic expression. 

proximal delta front, distal delta front, and prodelta are compared with trace assemblages 
from these environments in other Cretaceous deltaics of the Western Interior Seaway. 
Comparison yields a greater occurrence of Palaeophycus in proximal delta deposits of the 
Ferron Sandstone, and a possible underrepresentation of this trace in deltaic facies models. 
Similarly, Scolicia is underrepresented in models for the distal delta front/prodelta. These 
distal trace assemblages comprise expressions similar to the proximal and archetypal 
Cruziana Ichnofacies. The more proximal occurrence of Scolicia in deltaic settings may 
be a result of the greater heterogeneity of sediment in distal deltaics and the differences 
in the food resource paradigm, as compared to the typical shoreface model ichnofacies 
expressions. The distributary channel/mouthbars contain comparable assemblages to those 
of similar Cretaceous deltaics, but close examination herein, suggests most of these traces 

Ophiomorpha
lined traces like Astersoma may comprise the base of similarly cross-bedded, although 
transgressive sandstone atop the distributary channel. As seen in the Ferron Sandstone, 
the overprint versus inherent traces may be the key to separating the distributary channel 
deposits, from those of the transgressive tidal channel.  
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CHAPTER 2: A CRYPTIC TRANSGRESSIVE SURFACE OF EROSION AND 
THE ROLE OF INCIPIENT BIOTURBATION IN MASKING TRANSGRESSIVE 

NEARSHORE FACIES IN THE LANDWARD TURNAROUND

2.1 INTRODUCTION

The Turonian-Coniacian Ferron Sandstone has been widely recognized and heavily 

has been established based on transgressive-regressive cycles or genetic stratigraphic 
cycles. This has been done using paralic sand body and coal relationships coupled with 

these studies document regressive sandstone bodies, however, transgressive sand bodies, 
such as lags, washover fans, and tidal inlets have also been reported in the Ferron Sandstone 

most landward shoreline expression of the transgression is more problematic to identify 
because the transgressive erosion may result in a sandstone-on-sandstone contact. This 
intra-sandstone cryptic contact can lead to the transgressive, or transgressive stillstand 
facies being grouped in with the regressive facies.

of sandy sediment under the ravinement surface. The cryptic landward shift will result in 

sediment under the erosional surface.



in prominent reworking by Ophiomorpha of the sediment below this surface. This reworking 

The ichnological signature is similar to event bedding of Pemberton and MacEachern 
Ophiomorpha

with depth. Ophiomorpha Callianassa major

to document the effects of erosion on facies preservation and biogenic overprinting. The 

palimpsests deposits consist of landward facies trapped during transgression. 
The contribution of relative sea-level mechanisms to the deposition of these 

on the stratigraphic record rather than base level change mechanisms. Regardless, of 
the implications related to relative sea level, these small sandstone bodies constitute an 
important piece of the stratigraphic story.

2.2 GEOLOGIC BACKGROUND

2.2.1 Regional Framework

along the western shoreline of the Western Cretaceous Interior Seaway, near the middle 
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the Ferron records the progradation of a river-dominated system of deltas. The early upper 

of vertically aggrading sets; the upper Ferron is interpreted as a series of back-stepping 

dominated, approximate 4th

th 

2.2.2 Study Area





lines represent where their sections were measured and the morphology of the overly thickened sandstone. 

indicates the proposed location of the transgressive surface of erosion from this study.



outcrop studied here is near the landward pinch out of all marine sandstone associated with 

Ferron Sandstone is a few tens of degrees west of north, with land to the southwest and 

had sparse detail in some areas. 

2.3 FACIES ASSOCIATIONS

This study denotes two distinctive sandstone facies associations in the Kf-4-MI 

2.3.1 Facies Association 1 (FA1)

2.3.1.1 Description of Facies Association 1 (FA1)

sandstone [Sp], cross-bedded sandstone [St], cross-bedded sandstone with bioturbation 
[Sti], and rippled sandstone [Sr]. Two minor facies were also observed: massive sandstone 

or abundant in the forms of Thalassinoides and Planolites
sulfur. This underlying laminated mudstone is interpreted as weakly developed coastal 
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varies from sharp, to gradational, grading upwards from these laminated mudstones into 

however some of this deformation is attributable to downward deformation of the sands by 
dinosaur tracks. 

area, but easterly is either completely removed and/or is overprinted by heavy bioturbation 

observed and range from small millimeter to centimeter scale subround to subangular clasts 
or sparse to moderately Teredolites 

organic drapes. Flaser bedding is locally present. Facies laterally may pass from one into 

Bioturbation occurs along small mudstone interbeds near the base and as Facies 
Smi. Abundant Thalassinoides and Planolites, with rare Teichichnus dominate these 
mudstone/former mudstone interbeds, which often contain dinosaur tracks. The sandstone 

Siphonichnus, and ?Lingulichnus or ?Rosselia
Psilonichnus Ophiomorpha

occurs above the sulfur-rich facies to a well-cemented lower visual sulfur content facies 

Teredolites





Teredolites longissima 
Siphonichnus 

of Psilonichnus Ophiomorpha.



along planar surfaces. Facies Sp has parting lineations, often in the form of rhomboidal 
Psilonichnus is observed in cross-

section with convex hyporelief traces similar to Haplotichnus

tracks are additionally exposed on fallen blocks in rippled, lineated, and thin non-descript 

Facies Fb are mudstone beds distorted by dinosaur tracks, that have large downward 
branching structures in the top, with vertical remnants into the overlying sandstone 

and climb the surface towards the west. 
The top of this facies association is consistently marked by the trace Ophiomorpha 

Ophiomorpha traces decrease in abundance downward from the overlying, 

interval is visible as a surface when looking from the opposite side of the amphitheater, but 
becomes harder to recognize as it drops closer to the base in the northwestern part of the 

2.3.1.2 Interpretation of Facies Association 1 (FA1)

level. The lateral relationships between the facies in this association are complex. Further 
research is currently underway to evaluate these spatial relationships, paleocurrents, and 

ichnological data suggest the environments could be related to a wide range of settings 
such as backshore/backbarrier, washover fan, foreshore, distributary channel/mouthbar, 
and possible aeolian deposits. 
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of the sand body, but not necessarily in a seaward direction. Rapid facies shifts in the base 

Whereas in some places the organics suggest reworking, the high proportion of organics 

Teredolites borings suggest these organics were likely 

Psilonichnus 

Ophiomorpha
The thin, highly abundant interbeds of Thalassinoides

Thalassinoides with dinosaur tracks suggest either shallow water or periods of exposure. 

fan conditions. Washover fans are often dominated by planar laminated sandstone, tabular 
cross-bedding, Psilonichnus

sandstone contact. More paleocurrents must be collected to discern if these are separate 
features and in which direction the sandstone body is prograding initially.

related to a landward shift of the shoreline, the high-energy facies suggest foreshore/upper 
shoreface conditions. Evidence for this includes rhomboidal rill marks, which have been 

Psilonichnus and insect traces observed on some lineation surfaces are more indicative of 



subaerial exposure or shallow water conditions. Vertical tree casts at the upper portion of 
the mudstone indicate that subaerial/shallow water conditions existed for at least scores of 
years. Ophiomorpha

2.3.2 Facies Association 2 (FA2)

2.3.2.1 Description of Facies Association 2a

Ophiomorpha 
irregulari, with large vertical, but slightly inclined traces extending further down from 







A marked change in bedforms is observed up depositional dip from east to west in 
Rosselia, 

Ophiomorpha, Diplocraterion, Teredolites, and rare Zoophycos. These intervals of facies 

dominated intervals become thicker and more abundant and transition into trough cross-
Ophiomorpha being the main 

trace fossil. The trough cross-beds typically contain thin horizons of intense bioturbation. 

2.3.2.2 Interpretation of Facies Association 2a

facies representing the upper shoreface, and easterly facies representing the upper portion 
of the lower shoreface. The lower shoreface of the eastern portion is evidenced by the high 
diversity and abundance of cross cutting traces, which compares to that of the Cruziana 

be reworked by organisms interrupted by the erosion and rapid deposition by storm event 

In the westerly portion, the change in bedforms laterally and up depositional dip 
represent a change from the lower shoreface to a shallower upper shoreface environment. 
The troughs in this environment represent a change to wave-forced currents. This change is 

was not one of constant high energy.  

in grain size may both be the results of a transgressing shoreface. The organics at the base 
may be attributable to erosion of the underlying coal. Additionally a decrease in grain size, 
although not fully diagnostic, has often been linked with increasing depth of the shoreface 

2.3.2.3 Description of Facies Association 2b 



disappears, and the hummocks are preserved as swales. Above this, trough cross-bedded 

2.3.2.4 Interpretation of Facies Association 2b

as a prograding shoreface succession, from that of upper lower shoreface to foreshore. The 

the lack of persistent bioturbation upward suggests that this was a higher energy and/or 

2.4 STRATIGRAPHIC DISCUSSION

A backstepping succession of deposits from peat marsh to intertidally dominated 
nearshore to that of fully marine shoreface accounts for the thicker Kf-4-MI sandstone in 

conversation to current and future stratigraphic approach in the Ferron Sandstone of the 



the emphasis is on transgression, in accordance with the suggestion of Catuneanu et al. 

origin for the coal nor a transgressive origin, nor a combination of the two. Therefore, this 

and place the transgressive surface at the top of the coal along the base of the thin mudstone 
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to the north and becomes hard to trace as it approaches the base sandstone unit/top of the 

change from transgressive to regressive, is tentatively distinguished by the transition from 

sandstone, but it is more evident in the interbedded mudstone sandstone interval to the 

The crosscutting behavior of the transgressive surface erosion across that of the 
transgressive surface/maximum regressive surface results in the transgressive-regressive 
cycle having a relatively conformable base in the landward portion and an unconformable 

the transgressive package is consistent with the surface’s use as the boundary of T-R cycles 

standards, it was elected to keep the entire package both the transgressive and already 

rd

in future nomenclatural assignment.



2.5 CONCLUSIONS

Kf-4-MI. Additionally, a succession of landward stepping deposits, comprising up to 
several meters of sandstone, are observed within the base of this transgressive-regressive 

transgressive ravinement surface. This transgressive surface of erosion is manifested as 
a subtly inclined palimpsest surface.  This surface overlies nearshore deposits that are 
overprinted by abundant Ophiomorpha, produced post-erosion from the overlying fully 
marine environment. Some could misinterpret the Ophiomorpha and planar bedding to 
be representative of the shoreface rather than a cross cutting trace fossil assemblage. The 
diachronous ravinement surface dips down to the north and is linked to the base of the 
basinward transgressive lag, which overlies the coal  north of the study area. The base of 

relatively conformable initial transgressive surface with the later transgressive ravinement 

is  unconformably marked by this ravinement surface. 
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CHAPTER 3: RHIZOCORALLIUM AND TURTLE TRACKS: A LATE 
CRETACEOUS FLUVIAL CHANNEL TRACE ASSEMBLAGE

3.1 INTRODUCTION

Rhizocorallium

bedding planes, comprising a trace fossil assemblage, in a Cretaceous channelized sandstone 
body by examining the traces, types of preservation, and the proposed tracemakers, thus 

preservation of these traces. 
The investigation focuses on an interval in the Turonian-Coniacian Ferron Sandstone 

of central Utah, which is noted to contain a wealth of invertebrate traces, but the reports 

have reported occurrences of dinosaur tracks within the Ferron Sandstone, but no other 

3.2 SEDIMENTOLOGY

3.2.1 Description

The channelized sandstone of interest in this study is located near the Ivie Creek 



CHAPTER 3



coal zone in this area. The sandstone has a sharp dipping basal contact with blocky, rooted 

the sandstone at moderate to almost vertical angles. Some wood debris was observed 
completely within the sandstone at various levels. Additionally, centimeter scale angular 
to subrounded grey mudstone clasts are seen in the base of the sand body, and within the 
sandstone at the base of cross-beds, or overlying undulatory contacts. 

sensu

sets. The cross-beds dip toward almost due east. The preservation of the biogenically 

mudstone beds and lamina. Typically, less than ten centimeters of this rippled unit is 
preserved and it is replaced laterally on several meters of either side as cross-beds with 

upward succession. Ripples in the interval appear to maintain the same orientation over 

    
3.2.2 Interpretation

This sandstone body is interpreted as deposits of suspended to mixed load 
meandering systems that appears to represent limited lateral migration and reoccupation 

indicative of the levee deposits, or the product of the channel exceeding bankfull stage 



measured section. At top is a graphic representation of the bounding surfaces in the lenticular sandstone 
body. Right dipping bounding surfaces are denoted by blue lines whereas left dipping surfaces are in red. 

likely indicating a different generation of channel occupation.



surfaces suggest a system that regularly achieved higher energy. The directions of the 
cross-beds are similar to regional northeastern direction of progradation of the deltaics 

hydrodynamic energy decrease, which is evident from the decrease in grain size upward 
to the surface as well as the decrease from cross-beds to that of ripples that become 
interbedded with mudstone. Possible causes for the decrease could have been the result 

avulsion, or may simply represent point bar shift resulting in a sheltered downstream 
position. Symmetry and continuity in ripple crests is largely the product of one of three 

along the slope of Permian point bars. Similar ripples are also seen along the downstream 

ripples are produced by wind in shallowly ponded bar top depressions during low water 

direction, or actually represent prevalent wind direction. Although, the common orientation 

mud drapes and interbeds suggest that this was not a singular rapid sedimentation event, 
and may have been separated temporarily by more stagnant conditions. Regardless of the 



3.3 TRACE FOSSILS

The trace fossils in this study are present along bedding planes in two semirelief 

surface and the weathered out remnants of Rhizocorallium traces that extended down to 

sandstone with interlaminated/interbedded mudstone that contains several surfaces with 
convex hyporelief expressions of turtle tracks and a few simple, possibly branching trails. 
Additionally, Teredolites is present in the channel sandstone, however, evidence is present 
that these are not associated with the depositional environment, but are being reworked 
from the underlying sediment.

3.3.1 Simple Trails

and interbedded mudstone. These types are small simple furrows, large simple bipartite 
furrows, and traces exhibiting chevron type morphologies.

3.3.1.1 Description
The small simple furrows are epichnial or hypichnal surface trails that are shallow, 

the prominence or occurrence of these ridges may change along the length of the trace. 
These trails are straight to broadly meandering. The meander of the trail is not regular. 
They do not loop or cross their prior path. They may cut other traces. These trails are 

preservation of trails appears to be parallel to the ripples and dominantly in the troughs 
between the ripples, conversely, many of the shortest trails are perpendicular cutting the 

centimeters wide and contain two sloped walls meeting in the median, forming a shallow 



Helminthoidichnites Chevronichnus Rhizocorallium 
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Helminthoidichnites; 
Rhizocorallium Chevronichnus
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in cross-section. Small ridges are typically present along the margin of the furrow. These 

in length and are straight to arcuate in plan view. The furrow can sometimes start from 
another one of the smaller furrows or have a distal horn shaped feature. These generally 
appear perpendicular to and cross-cutting the ripple crests.

3.3.1.2 Taxonomic Interpretation
The small relatively straight u-shaped epichnial and hypichnal trails are probably 

best assigned to Helminthoidichnites since they do not meander like Cochlichnus or 
Helminthoida, and do not cross over themselves like Gordia

Scolicia, however those traces are generally 

traces like Helminthoidichnites produced in modern environments by the locomotion 
and grazing activity of organisms such as nematodes, oligochaetes, insects, or in larger 

may be ruled out for many of these since the traces are at odds with the direction of the 
ripples on the surfaces.  

study have been taxonomically described in the modern as “Gordia
Scolicia Scolicia is a 

Gordia because the furrow comes 
Gordia is generally an order 

this type of trace preservation. Conversely, there is an abundance of modern examples 



Lockea 
Protovirgularia represented 

does not show either the distinct ovoid or chevron shapes associated with either of these. 
Lockea and Protovirgularia traces are generally 

be observed from the relief presented in the outcrop, it makes it unwise to try to attribute a 
Protovirgularia are often traces 

exhibiting a continuous long medial furrow, and some authors use Chevronichnus as a 

wedge-footed bivalves. Assigning it to Protovirgularia would only convolute the usefulness 
in the current genus ethological relationships. 

Conversely, the fourth type of furrow described that contains the chevron 
Chevronichnus. Chevronichnus is the 

the end of the trace is similar to modern bivalve entry/uprighting structures of Heezen and 

ripples may also indicate that they are the product of the organism’s initial plowing through 

3.3.1.3 Depositional Environments
These simple trails are fairly nondescript, representing a water saturated or 

the water salinity, nor depth, that can be currently teased out of these behaviors. These 

environments and are reported from freshwater lakes and rivers, brackish lagoons and tidal 

These traces are similar to the constituents of the archetypal Mermia trace fossil 
Helminthoidichnites



Chevronichnus
Mermia

trails in this study occur within the channel, which could be the conversion of the channel 

Mermia

3.3.2 U-Shaped Traces (Rhizocorallium)

3.3.2.1 Description

no distinct unimodal orientation, are sparsely to moderately distributed across the surface, 
don’t appear to cut themselves, and are rarely crossed by any other forms. These traces 

arms of the larger “U”. The spreite appear to be in fairly regular sets. The large groove 
is always present on the outside of these spreite making the traces protrusive along the 

tubes in some places suggesting vertical axis shifting, but since the trace is only present as 

trace is roughly bisymmetrical along a central axis. The outer arms of the large bound 
“U” are mainly straight, but may have a bowed appearance. The bowed appearance, when 

vertical movement than the synonymous relationship of horizontal structure. These traces 



Rhizocorallium Rhizocorallium
cross-cutting Rhizocorallium. 

Rhizocorallium traces

Rhizocorallium burrows in the 

study area.

Rhizocorallium burrows in the 

study area



3.3.2.2 Taxonomic Assignment
These traces are interpreted to represent the weathered endichnal expression produced 

along the bases of Rhizocorallium traces. A thorough review and revision of Rhizocorallium 

or the inclination angle in relation to the surface. However, these traces are probably best 
tentatively described as Rhizocorallium jenense
rather than Rhizocorallium commune due to the small size of the traces and relatively 
straight arms with a general lack of sinuosity. The small groove marks in the traces from 

the taphonomic preservation of the trace as well as the small scale hinder the ability to tease 
out the overall orientation and cross-cutting relationship of the scratches. These traces are 
morphologically similar to the protrusive Rhizocorallium jenense described by Fursich and 

diameters. It is worth noting that the description of the traces in this study do not conform 
to the similar continental trace, Fursichinus commune, which was differentiated from R. 
jenense

3.3.2.3 Ethological Assessment
Rhizocorallium jenense

Corophium volutator, and Polydora 
ciliata

Corophium and Polydora burrows in 
tidal channels are typically shown to be vertical Arenicolites or Diplocraterion-like traces 

larvae are known to produce horizontal Rhizocorallium

studies have focused on description of the high-density occurrences along the cutbanks 
leaving interpretation fairly open as to whether these are also capable of being produced 



general,  more neoichnological work is needed to determine the burrow orientation reliance 
on the slope of the sediment-water interface of these organisms, since the orientation often 
appears perpendicular to the surface slope. It is important to know which organisms or 
factors can produce/result in Rhizocorallium that are not sediment-water contact slope 

 
Rhizocorallium trace producer. However, at the face of this outcrop there is no indication 

study lies in the sporadic orientation of the R. jenense which is contrary to what is seen in the 
previously mentioned modern studies, where the u-shape is dominantly directed toward the 
sediment-water interface. The varied orientation could be the response to multiple factors 

created by the mud armored underlying ripples, let alone the microtopography itself.

3.3.2.4 Depositional Environment
All of three Rhizocorallid tracemakers listed above share the occupation of a similar 

the size and placement of the Rhizocorallium, it seems unlikely that they are related to the 
overlying erosion, but since the tube apertures cannot be located this cannot be ruled out all 
together. The Rhizocorallium alone, with the current understanding of channel-produced 

known to construct burrows in freshwater lotic environments, which are often meandering 

Rhizocorallium

the Triassic.



3.3.3 Turtle Tracks and Swim Marks

3.3.3.1 Description

traces are typically grouped into tracks composed of three, sometimes four hyporeliefs, 

morphotypes across the surface, which are additionally marred by high density and hence 
trace overprinting on many of these surfaces. The tracks range from elongate linear features 
to that of subrounded natural casts. The casts appear to mainly parallel the ripple crests 

fossils are roughly symmetrical with the middle feature typically being the largest. These 

length of and spacing between the features in each track. The individual marks are typically 

can be up to 4 cm wide.

of three, but may exhibit a faint fourth feature. These natural casts are often elongate tear 
drop or comma shaped. These are grouped into tracks in parallel to arcuate arrangements. 

3.3.3.2 Taxonomic Assignment
The trace morphologies describe above represent a continuum between more ambiguous, 

Characichnos
Chelonipus

of Characichnos

The second morphology of shorter, more rounded features representing the other end of 



Chelonipus and Characichnos

Chelonipus and Characichnos traces



Characichnos Chelonipus, 
Chelonipus Chelonipus

Chelonipus Chelonipus, possible manus/pes sets.



the morphological spectrum are interpreted as Chelonipus 
description of Chelonipus

the set having a greater width than length. The features in an individual Chelonipus track 

as a characteristic by others to describe Chelonipus
.

sensu
Emydhipus exhibits similar morphologies, but is considered a 

separate valid ichnogenera based on the parallel relationship of the toes in the manus, 
. However, the 

authors assert that the manus morphology of individual prints from both ichnogenera 
Chelonipus and Emydhipus

with the surfaces like the ones reported in this study are that the trackways are incomplete, 

of establishing manus/pes sets in Chelonipus is thought to be an inherent result associated 
.,

manus/pes relationships cannot be consistently established for this study, these traces are 
referred to the senior of the two ichnogeneric terms, Chelonipus
additionally suggest that these Emydhipus sensu revision of Avanzini et al.,

environment of Chelonipus

Some of these tracks could be attributable to crocodile manus prints since they can 
have similar morphologies, and often are associated with Chelonipus

Rhynchosauroides
increasing from digit I to IV and amphibians typically display rounded features instead of 



3.3.3.3 Ethological Assessment
Characichnos sensu Whyte and 

Characichnos here are attributed to turtles,because of the similiar size 
and direct occurrence with Chelonipus
aforementioned other organisms may have produced some of the traces. Especially since 
Hatcherichnus and Chelonipus

Chelonipus tracks are often interpreted to be associated with partially buoyant 

noted to change across single surfaces due to substrate variations or between layers due to 

with variations in salinity, and their presence in brackish environments usually suggests a 

sans

 
3.3.3.4 Depositional Environment

channel. Chelonipus

Characichnos and Chelonipus 

variations in the way the buoyant animal interacted with the surface. 

3.3.4 Organism-Bored Wood
3.3.4.1 Description 

The traces are contained within coal lenses and along weathered wood impressions 



Teredolites
Teredolites 

Teredolites longissimus, Teredolites clavatus.

Teredolites bored clasts



within the underlying mudstone, the channel sandstone, and extending from the underlying 

sensu Underwood and 

into the sandstone.

3.3.4.2 Taxonomic Assignment
 These traces are interpreted to be two forms of Teredolites. The elongate tubes 
represent Teredolites longissimus similar to hooked elongate shapes of Savrda and Smith 

Teredolites clavatus

3.3.4.3 Ethological Assessment
 Teredolites is associated with wood boring organisms. The producers of the T. 
clavatus and the T. longissimus forms are traditionally interpreted to made by shallow to 

T. clavatus could be the product of deterioration of 
the outer layers of wood upon exhumation. 

3.3.4.4 Depositional Environment

within the channel because these traces have the potential to be transported, and show 
evidence that they are being reworked from the underlying and lateral mudstones. The 

been found as “vegetation-induced sedimentary structures” in relation to tree casts as in 



the logs and one might expected a more varied orientation of the ripples due to bending of 

3.4 ICHNOFACIES

organisms of a shallow lotic environment with preservation in the localized lentic areas 
of this system. This environment may have been periodically exposed for short durations. 

An ichnocoenose is interpreted as traces that are members of the same community or a 

Chelonipus/Characichnos/Mermia ichnocoenose that 

two ichnocoenoses are a Mermia ichnocoenose dominated by trails and an overprinting 
ichnocoenose dominated by Rhizocorallium

as indication of an overprinting/associated Scoyenia ichnocoenose with that of a Mermia 
ichnocoenose. Therefore indicting a composite Mermia-Scoyenia ichnocoenose. Melchor 

Scoyenia, and that 
vertebrate traces are best compared to vertebrate ichnofacies.

Currently vertebrate and invertebrate ichnofacies analysis are done differently, but 

morphology. The difference in analysis between the two is that invertebrate ichnofacies 



organism’s behavioral response to environmental conditions, while vertebrate ichnofacies 

as globally extensive and reoccurring ethological groupings with long temporal range 

ichnofacies conform to this term, vertebrate biotaxonichnofacies have limited time ranges 

types of analysis.  

This interval is similar to the archetypal Mermia

the assumption that Helminthoidichnites is a grazing trace, the grazing behaviors are, in 
accordance with the archetype, dominant to those of the locomotion traces. Conversely, 

surfaces and the Rhizocorallium 

Rhizocorallium Mermia
behavior. The Rhizocorallium likely represents a short term, autocyclic expression of 
the Glossifungites
autocyclic short term hiatus is supported by that the nature of the physical sedimentary 
structures and invertebrate traces do not drastically change on opposing sides of the 
Rhizocorallium

the archetypal Mermia Ichnofacies example. Although temporary exposure may have helped 
to compact the surface for inhabitation, the tracemaker’s likely constructed the burrows in 

and the alternating exposure conditions would result in overlapping ichnocoenoses creating 



Characichnos 
Mermia Ichnofacies. The interesting thing about this 

though is that the Characichnos

 
The vertebrate traces herein are likely those of the Chelonipus

Characichnos
current state of morphological description/understanding of Chelonipus suggests that 
Chelonipus
subdivision of Characichnos, like Hatcherichnus

many vertebrate morphotypes, including Chelonipus Characichnos 
along the narrow margins of paleo water bodies, or may represent a surface that contains 

Chelonipus and Characichnos should be 
regarded as ichnocoenoses due to their lack of temporal and spatial reoccurrence. While this 
is likely advisable for now until morphological revision and more examples are described, 
it would be naive to ignore the potential of these as vertebrate ichnofacies, due to the long 

Chelonipus and Emydiphipus?Chelonichnium?
Characichnos Ichnofacies or Hatcherichnus

have less environmental tracking ability than many vertebrates, and the preservational 
distinctness of their tracks are likely more depositional environmentally restricted than the 
simple trail morphologies that often compose the Mermia Ichnofacies. Additionally, the 

Characichnos

may have a long range, the problem lies in that they are not globally extensive due to 



climate restrictions, as may be the problem with other vertebrate ichnofacies. 

3.5 DISCUSSION: FLUVIAL TRACE PRESERVATION WITHIN CHANNEL

This discussion focuses on zonation and the potential of trace preservation in 

across the thalweg, the erosion-dominated cut bank, and will be addressed in these terms 
below. Additionally, trace recognition will be discussed as one of the potential biases.

3.5.1 Point Bar

subaerial tracemakers still rely on a close proximity to water and wet vs. dry substrate, 

indicator of environment at the time of construction. Vertebrate locomotion traces are some 
of the few traces that bridge the gap between the two zones, especially with animals who 

Chelonipus or Hatcherichnus to Characichnos

between these processes, and when considered may be more of a gauge of the extremity to 



Rhizocorallium, simple trails, Characichnos, and Chelonipus



migration, whereas channel abandonment or aggradation of the system may drive overall 

high volume events creates space that may be left as sheltered environments, as in the case 

3.5.2 Cutbank

The cutbank is the erosive side of the river, so preservation potential along this 
surface is mainly dependent on aggradation of the system. This presents a problem for 

Rhizocorallium
that these burrows are abundantly constructed steep compacted substrates, a niche which 

these burrows in the continental fossil record is probably a preservational norm, and in situ 

Theoretically, not only do these Rhizocorallium burrows have potential to preserve in the 

Paleobuprestis, Paleoscolytus, Teredolites
Asthenopodichnium

them. With the Ferron Sandstone largely representing progradational deltaic systems, 

Teredolites



3.5.3 Appearance Bias

In terms of why turtle tracks are not greatly documented in the literature, as within 
channel traces, is probably as much as an observational bias as it is a taphonomically 

likely only really preserve in narrow bands along the channel, where the substrate is soft 

the tracks are often small in scale, and represented by scratch-like morphologies. In 
high-density occurrences, these could easily be mistaken for physical structure produced 

produced structures,Chelonipus Characichnos and Hatcherichnus

in appearance may play a role in the sparse reports of these vertebrate traces from channel 
deposits, outside the paleontologists who study them.

3.6 CONCLUSIONS

This study presents a Cretaceous trace fossil assemblage that was deposited within 

Mermia-like 
traces, Rhizocorallium, Characichnos, and Chelonipus, suggest that the ichnocoenoses 

preservation rather than a change in community, since all of these traces may be 

Teredolites
the conditions within the channel, nor belong as part of the suite. Caution must be exercised 

potentially disparate environments can be reworked into the channel, and lateral strata 
must be accessed before proceeding with interpretation.
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CHAPTER 4: PRESERVATION OF TURONIAN VERTEBRATE ICHNITES 
IN THE FERRON SANDSTONE AND THE RELATIONSHIP BETWEEN 

MORPHOLOGY AND DEPOSITIONAL ENVIRONMENT

4.1 INTRODUCTION

basinal accumulation lacked terrestrial environments for vertebrate ichnite preservation 

the upper portion of this gap. Vertebrate fossils of mid-Turonian to early Coniacian age are 

A few authors have noted ichnites elsewhere during this period of WIS deposition. 

ichnites resembling Irenesauripus sensu
Along the northwestern shore of the western WIS, in western Alberta, three theropod tracks 

been located in British Columbia comprising tracks of small theropods, large ornithopods, 

vertebrate ichnites exist globally.
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sensu

The coal horizons of the upper Ferron form the basis for correlation, as each is associated 

ichnite locations into their proper stratigraphic position as well as provide insight into the 
taphonomy of these traces. 

composed of nine rather amorphous tracks that are interpreted to be tridactyl traces of a 

Ferron Sandstone is sparse: composed of two vertebrate ichnites at the Museum of the San 

this chapter.

4.2 VERTEBRATE ICHNITE TOPONOMY IN THE FERRON

Multiple factors contribute to the sparse record of vertebrate ichnites in the Ferron 

factors. Steep cliff faces make it prohibitive to access surfaces and do not provide much 

but often times, vertebrate ichnites appear to have been removed as the block rolled down 





the hill. In addition, rapid weathering of natural casts is evidenced on the upper exposed 
surface of many upended fallen blocks. Soupy substrate conditions associated with the 

can modify the morphology, or in the case of small ichnites, may destroy much of the 
evidence of an ichnite even being present. Vertebrate ichnites preserve in the Ferron 
Sandstone as weathering out sandstone casts or molds in sandstone, and in cross-section 

or exemplary expressions of transmitted or displaced forms.

4.2.1 Sandstone Casts (Convex Hyporelief)

Vertebrate ichnites in the Ferron Sandstone mainly preserve as sandstone casts 
within a mudstone dominated lithology. In one location, a few vertebrate sandstone casts 
were present in a coal split, but the tracks themselves were emplaced into a thin mudstone 

pad impressions are rare. The pad impressions are only evident on the shallowest track 

details of foot morphology are lost as the foot impresses deeper. Some deeper tracks 

of compressive maximum during rapid compression, or may be the result of basal lamina 

the margins. 

4.2.1.1 Tubercle Striations

the sidewalls of the ichnites, representing what has been interpreted as tubercles along 

tracks. Similar striations have been reported in the neoichnological substrate variability 





Dromaius novaehollandiae
same is true in the Ferron where these grooves are dominantly noted in deeply impressed 

The striations in the study area can occur along any portion of the outer track wall 

4.2.2 Sandstone Molds (Concave Epirelief)

While natural casts dominate preservation, morphologically distinctive, plan view, 

appears to be having a mechanism to bind the normally cohesionless sand grains, and likely 

of these lies on top of sandstones that have mud drapes along ripples and are typically 

cohesion necessary for preservation. Additionally they both represent intervals going from 

and slack water deposition.  
The last site containing impressions is represented by a single fallen block, contains 

present; it was likely a mudstone due to the clean weathering nature of the upper surface. 

haftrippeln; sensu 



Close up view of ridge structures.

Figure 4.4: Vertebrate ichnite impression associated with small linear ridges



as “anti-ripplets”, Reineck’s term, adhesion ripples, is favored due to its nominal indication 

the saltating grains preferential adherence onto the stoss side of ripples. Adhesion ripples 

conditions proximal to a dry sand source is likely why many of the modern examples of 

The adhesion ripples on the track surface provide evidence that the sand substrate 
was water saturated. The water saturation in the sand was the cohesive element needed to 

modern emu substrate interaction work suggests very low preservational potential in dry 
sands, but that additional water content greatly adds to the sand substrate cohesiveness 
and resultant track preservation. Since the tracks are preserved on a fallen block with no 

was that preserved this surface, but it likely could be a continuation in the water table rise 
resulting in interdune ponding, and a suspended sediment cap.  In terms of the preservation 
of digit I, in such a shallow track, there does appear to be some collapse along the margins 

is impossible to tell in such a short series of tracks, the plantigrade stance in the track could 
suggest the animal foundering in strong wind conditions.  Similar plantigrade impression 

these are a result of a deep impression into a muddy substrate which is not the case in this 
Ferron track. 
 

4.2.3 Displaced Media Under Ichnite Surface

is most easily recognized in cross-sectional views of vertebrate ichnites in the Ferron 
Sandstone. However, it can be seen in plan view, as deformational outlines in heterolithic 
strata, and more rarely as topographic features along sandstone bed tops. Two expressions 
of vertebrate displaced media are present: one which exhibits minor folding and faulting 



as transmitted deformed media, and a more rare, faulted expression, showing rapid and 

4.2.3.1 Transmitted Deformed Media

are prevalent in the Ferron Sandstone, but dominantly only recognizable in their original 
context. Historically, these deformational processes that lessen away from the track have 

such as transmitted prints, ghost prints, or undertraces. For this study, the term “transmitted 
sensu

that does not represent the print or primary surface of contact. This term is used in place 

marginal zone. The purpose of this section is not to argue about the true nature of the 

describe and discuss what types of sediment preserve transmitted reliefs in the Ferron 

heterogeneous substrate, to facilitate recognition, and the strength of the substrate, which 

the Ferron Sandstone is dominantly reliant on heterogeneous substrate. In one case, this 
dispersal manifests as prominent topographic highs.

4.2.3.1.1 Heterogeneous character:

producing recognizable transmitted relief appear to mainly be the product of at least one of 

with vertebrate ichnites in the Ferron Sandstone. This is most apparent in the interbedded 
sandstone and mudstone beds. However, cryptic expressions of this can occasionally be 

medium. In these cases the ichnite surface would likely not be preserved in plan view, but 



Transmitted relief is normally described in deposits that are resultant from 

the dominant expression being the sandstone tubes of Thalassinoides and Planolites. 

to the deformation of beds in that the deformation of the burrows mimics the shape of 

new implacement imparts a new deformational fabric on the surface. By looking at these 
fabrics of ichnites in close proximity, the timing of implacement relative to one another can 

4.2.3.1.2 Topographic dispersal:
The most prominent plan view display of transmitted relief in the Ferron is observed 

peak of the antiform. The crest of the antiform generally varies in height with a central 

The antiforms are asymmetrical, usually displaying one gently dipping side and one steep 

deformation are key elements in river-dominated deltaic environments, these structures 
are more likely the products of mechanical loading and shearing due to animal movement. 

Similar features, on a smaller scale, of ovate rather amorphous depressions with 

amorphous nature likely comes from sediment collapse once the indenter was removed 

fully enclosed marginal rims are the product of the indenter’s motion in a vertical direction, 



Th
al

as
si

no
id

es
 a

nd
 P

la
no

lit
es

 b
ur

ro
w

s 
al

on
g 

th
e 

m
ar

gi
n 

of
 

Th
al

as
si

no
id

es

Fi
gu

re
 4

.5
: T

ra
ns

m
itt

ed
 re

lie
f o

f b
io

tu
rb

at
io

n 
ge

ne
ra

te
d 

he
te

ro
ge

ne
ity



illustrating the shearing cross-cutting relationship.



and the magnitude is probably limited by substrate type. The antiforms in the Ferron do not 

the raised rims as a bourrelet, which suggested larger trackmakers, and implicated the 
dependence on substrate by which mud folded upwards around the track, whereas damp 
sand was faulted to the surface. It is also of interest to note the plan view morphological 
asymmetry of the rims he illustrates, particularly the human footprint because the rim 
begins laterally on inside front of the foot continuing down and rounding across the 
arch, covering the arch portion and separating the footprint into two depressions. This is 
important because it suggest that in damp sand, the motion of the foot may be the dominant 
control on rim shape and may not necessarily represent the true foot morphology, and the 
concavity of the axis may be tangential to the direction of travel. Additionally, Cretaceous 

In cross-section, a dynamic movement is suggested more than the load dominated 
effect that is associated with deposits containing continuous marginal rims dues to the 

that the left side of the cross-section contains subdued relief and downward bending from 

The asymmetrical displacement suggests a lateral component, however it is plausible 
that the asymmetry may also represent asymmetric pressure of the indenter forcing more 
sediment to one side. The sedimentary fabric appears to indicate that the sediment faulted 

4.2.3.2 Displacement Bulbs
sensu

package of sediment that may occur under the footprint, also known as the “dead zone” 

end of the spectrum from the dominantly ductile deformation associated with transmitted 
reliefs. They represent brittle dominated behavior of rapid failure along the margins where 
a bulb of sediment is punched down by the foot like a cookie cutter. This is not to say no 



surfaces. Fleshes colored dashed lines with asterisks are interpreted to be either the product of collapse or 

d) e)



deformation occurs, but primary displacement appears more as a brittle material behavior. 
This occurs only in the deepest tracks of the Ferron Sandstone, and likely within highly 
saturated sediments; comparably a high moisture parameter has also been suggested by the 

delta front deposits of the Ferron Sandstone where rapid loading of watered sediments 
produces growth faults. 

only preserved in transmitted relief, however, there is no ability to see the preserved plan-
view of the punched sediments, though some casts were found nearby. The displacement 
bulb is composed dominantly of two rippled sandstones with the lower unit being more 

collapse. Marginal folding can be seen up through the sandier units, suggesting that this was 

base. Additionally, blocks of sandstone are seen faulting down into the shaft, suggesting 

 The second bulb displacement involves the incorporation of an underlying ichnite, 

4.3 VERTEBRATE ICHNITE MORPHOLOGY

In the study area, ten morphotypes were differentiated based on variations in 

based on the prominent features were determined by comparing individual morphologies 



from different sites. Trackways are rare, resulting in little data that could be accessed in 

was based on the best seventy-four examples taken from over one hundred acetate traces 

, or 

The interdigital angles and total divarication measurement were taken in relation 
to where they intersected the midline of the axis of digit III at a single point, often at 

procedure since it often relies on how much of the heel is impressed, and that a more 

for measurement regardless of where it intersects. However, in some of the morphologies 
in the study area there is no individual digits by which to properly access the axis, and 
most of the time the axis still appear to be inline with the line connected to the convergence 

outlined the many methods by which these measures have been taken over the years in 

all of the morphologies have schematic representation of the digital axes from where the 
angles were measured. Additionally, emphasis was placed, in this section, on comparison 

vary, dependent on the method.  

4.3.1 Morphotypes With Appreciable Interdigital Connection

There are two tridactyl morphotypes in the area that show interdigit connectivity 



representations of digit III used to visually illustrate the length relationship to the other digits, as well as the 

Amblydactylus gethingi
Amblydactylus kortmeyeri

to the tracks of these other authors, and not the scaled morphotype overlays. The morphotype size can be 



4.3.1.1 Morphotype 1 (symmetrical connected)

Amblydactylus kortmeyeri sensu

A. kortmeyeri. The longer 

Amblydactylus gethingi A. gethingi is represented by a 

Amblydactylus, but 

species. Some may represent a more plantigrade expression of A. kortmeyeri. 

4.3.1.2 Morphotype 2 (asymmetrical connected)

the expression of digit III is much shorter and there is a prominent recess in the heel on 



A. kortmeyeri sensu

more rounded outline, a slightly greater width to length ratio, and average smaller size, 

ichnites having greater proportional widths. This relationship could extend up to the larger 

A. kortmeyeri sensu Currie 

IV are more akin to A. gethingi sensu
digit III is divergent from the prominent examples of either of these species, and could be 

having a triangular outline. M4 has at least two digits with bulbous terminal margins. 

4.3.2.1 Morphology 3
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exhibit separation in the digits by the halfway point in the length of digit III, and is wider 

divarication, may sometimes have a bilobed heel, and always have triangular digit III that 

with three-dimensional bases.
While almost all of these tracks display clearly differentiated digits, morphotypes 

webs, that there is a general lack of evidence to prove this. An experimental study by 

sediment failure between the toes during emplacement. This may be a viable interpretation 

get thicker in the direction of the track, much like what was produced in the modern 

with an asymmetrical v-shaped cross-section, which would imply, at least for this track, a 

be argued to be Amblydactylus, but not all of them display this feature, the digits are well 

Iguanodontipus

that Amblydactylus and Iguanodontipus are synonymous, with Amblydactylus constituting 
the valid genus. This study will not follow this synonymizing of the terms, because even 
though the traces may illustrate similar characteristics, the one fundamental difference lies 
in the connection of the digits. Amblydactylus digits do not extend as far past the interdigital 



Iguanodontipus
of if these expressions are prints from the same animal, morphologically these genera are 
vastly different in outline, and should be referred to as separate genera. 

There are slight variations in the interdigital angles and shape/width of the heel 
Iguanodontipus burreyi sensu

at the distal portion of digits with the holotypes. There are some pretty large discrepancies 
with the description of Iguanodontipus

Iguanodontipus is largely being misused too include to many 

Iguanodontipus
Iguanodontipus burreyi

Iguanodontipus burreyi are 

is suggested by the shallowness of the track. A change in divarication due to substrate 

or greater divarication. Besides the low divarication, digit II appears closer in size to digit 

Iguanodontipus billsarjeanti sensu

to the Amblydactylus gethingi
readily apparent, but this could also be due to the shallowness of the track.

4.3.2.2 Morphology 4 (bulbous, robust digits)



Ornithopodichnus
Iguanodontipus

tentatively assigned to Hadrosauropodus
ichnites of Columbosauripus ungulatus and Irenesauripus acutus
theropod ichnites of Therangospodus pandemicus Asianopodus pulvinicalx

Fucinapedis woodbinensis
Columbosauripus ungulatus Columbosauripus ungulatus and 

Ignotornis mcconnelli Archaeornithipus meijidei 



deep. The heel is elongate, inclining towards the surface. Additionally, there is potentially 

attributed to this morphotype, but there is evidence of other similar tracks, of which heavily 
burrowing has masked the full morphology.  

Ornithopodichnus

Iguanodontipus 

Wyoming that were precautionarily assigned to Hadrosauropodus langstoni

was a taphonomic variation of Iguanodontipus on drier sediment. However, M4 is a fully 
impressed natural cast, with similar depth to Iguanodontipus
the same site as M4, and that shows no indication of the sharp distal ends that should be 
present upon deeper penetration. The rounded nature of the distal ends is more akin to 
those seen in some of the Amblydactylus
evidence of connected digits. The smaller size of M4 compared to the Iguanodontipus 

size of similar morphologies suggesting that this belongs in a different ichnogenus than 
Iguanodontipus sensu Ornithopodichnus is a 
probable assignment, it is really only comparable to the unnamed species in this ichnotaxa of 

O. masanensis 

4.3.2.3 Morphology 5

divarication, length/width ratio, and digit length relative to one another. However, the heel 

often appears unattached at the base, but since it occurs on the same side of two consecutive 
tracks it is likely unrelated to the foot morphology. Additionally, there are many wood 
impressions on the surface, and at least one of these features appears to be related to wood 



disrupting the preservation. The ends of the digits may curl outwards and may come to 

It is hard to access the morphology on this track in terms of the true shape, heel 
shape, and length of digit III. From what can be accessed, the heel is narrow dimensionally, 

Irenesauripus acutus 
Columbosauripus ungulatus

 
4.3.2.4 Morphology 6

is vastly different from any of the other morphologies in the shape of the heel, which is 
axially elongate and has a small round structure at the most posterior portion. Additionally, 
the divarication is lower than almost all of the others, and the length/width ratio, from the 

comparable theropod morphologies are those of Eubrontes and Megalosauripus, but 

are referred to as Therangospodus
divarication, a less robust heel, and a smaller digit II than is seen in Therangospodus
pandemicus Hispanosauropus hauboldi
has similar divarication, but the ratio digit II relative to the overall size appears shorter in 

Hispanosauropus 

Fucinapedis 
woodbinensis Asianopodus pulvinicalx . However, 
heel morphologies of both vary, with Asianopodus

Fucinapedis has a comparably sized heel 



4.3.3.1 Morphotype 7

heel.

Columbosauripus ungulatus 
C. ungulatus digits have sharper ends and the tracks are slightly smaller 

C. ungulatus

C. ungulatus of 

4.3.3.2 Morphotype 8 and 9

preservation and diminutive sample size, makes it impossible to discount the possibility 
that these two similar sized morphologies are taphonomic variations. In the assumption 



to Ignotornis mcconnelli

Ignotornis mcconnelli is typically half the size of the 

with a rare exception being Magnoavipes lowei
Magnoavipes is larger than the tracks seen in this study, has no webbing, 

Magnoavipes is actually a small theropod since the 

Archaeornithipus meijidei

total divarication values. 
As stated earlier, with the poor preservation and lack of repetitive examples, while 

like a larger representative of I. mcconnelli, with possible webbing between the digits, 
A. meijidei. Both of these ichnogenera are considered to be the 

4.3.4 Small Morphologies (Little to No Total Divarication)

4.3.4.1 Morphotype 10

symmetrical laterally from the central digit to its corresponding opposite. However, the 
anterior placement of the digits vary slightly, giving the ichnite a slightly asymmetrical 
appearance. The linear features are dominantly parallel, having very little or no interdigital 
divergence or total divarication. The linear features are fairly evenly spaced, except for 

others. These features are commonly connected posteriorly by an arcuate hyporelief 



Chelonipus
Chelonipus

Chelonipus positive hyporeliefs 

Chelonipus tracks likely represent posterior 
displacement rims that were produced during terrestrial locomotion.  

Chelonipus



negative structure is roughly ovate, and loosely symmetrical along an axis running between 
the most posterolateral expressions of the positive arch. The positive arch has a shallow 
anterior slope, and a steeper posterior slope. In some instances, the linear features may 

posteriorly. Additionally, sometimes the positive arch can be divided into individual lobes. 
The arch structures and related ovate structures dominantly preserve in the deeper ichnite 
expressions, whereas the shallowest ichnites may show no arch. Related to this, the linear 
features often do not extend much past the arch in deeper ichnites, whereas shallow ichnites 
often show the longest linear features. 

Chelonipus 

Chelonipus traces in the study area probably grade into the 
Characichnos, sensu

explanation for the morphological assignments. A morphological relationship likely exists 

and behavior. In general observation, one site is dominated by shallow longer linear 
features, with less interdigital connection and arch expression, and predominantly three 

with shorter linear features, and deeper impressed arches with attached ovate structures. 

behavior that is often interpreted from Chelonipus

While, a terrestrial nature might be thought to produce more continuous trackways 

structures behind the ichnite of Chelonipus



to mud sticking to the foot as the animal moved forward, resulting in a crescent structure, 
mainly positioned posterior to the track. However, these tracks create a sharp posterior 

closer to the track. The structure is more consistent with the posterior displacement rims, 

An alternate explanation could be that these two sites represent different species. 
More work is underway to ascertain whether the greater number of tridactyl forms at site 

pentadactyl forms represent manus prints, and that the lesser forms may represent pes 
prints. However, true manus/pes relationships still need to be established, as documented 

Chelonipus has been documented by 

variations in manus/pes spatial relationships, as well as, manus divarication related to the 
midline.

4.3.5 Morphotype Conclusion

are referable to Amblydactylus gethingi and kortmeyeri, as well as, Iguanodontipus burreyi. 
The argument between whether these ichnotaxa are attributable Hadrosaurs or Iguanodonts 
is beyond the scope of this paper, although the robustness of the digits of Morphotype 

Chelonipus
could result from walking or swimming or a combination of the two. 

4.4 THE OBSERVABLE RELATIONSHIPS BETWEEN ICHNITES, 
ICHNOLOGY, AND ENVIRONMENT

the context of what depositional environments they occur in, and how the ichnites relate 



to the facies and invertebrate ichnology. In order to discuss the depositional environment 

4.4.1 Facies

Facies in the study area are denoted in the simplest terms possible due to the high 

which would still only produce consensus of the hydrodynamic conditions, or would result 
in splitting to the point in which the other facies were overshadowed. Therefore, the facies 

“l” refers to lamina or planar bedding. The parallel lamina may be horizontally deposited 

and “t” designate the physical sedimentary structures of ripples and cross-beds respectively. 
Facies displaying an overall lack of organized texture are described with “m” or massive. 

energy conditions of variable geometry and mud content based on factors such as the rate 

than ripples at comparable grain sizes, or at similar velocities with grain size increase 

rare cases, the massive appearance is related to weathering of the outcrop.

4.4.2 Facies Associations

There are eight facies associations present within the studied sites. These can be 



4.4.2.1 Coastal Plain

this study rather than delta plain due to the possibility that some of these deposits may not 
represent the deposits accumulated during delta progradation. However, it is likely that 
most of the deposits related to the coastal plain facies associations are delta plain deposits. 
In deltas, the greatest variance in deposition environments is established in the delta plain 

thus some facies associations show greater variability.

The base, where observable, is highly irregular, generally concave up, with centimeter 
scaled subangular to angular mud clasts overlying it. The second subdivision refers to 

The third subdivision of the coastal plain deposits, the Interdistributary Facies 
Association, represents the wide variety of vertical successions that may occur in the same 
area with close proximity to the source. This association is dominated by Facies Sr, but in 
some cases may contain almost as much Facies Fl. Various proportions of facies St, Sl, and 
Sm can be present. The Interdistributary Association can typically be differentiated from 
the poorly drained source distal association, in the regular interbedding of the Sr with the 
Fl facies, as well as the thickness of the Fl facies; but there are some contacts between the 



Additionally, where the bases of the Interdistributary Association are sharp, the bases are 
more subdued in nature, and there is no sizable amount of mudstone clasts directly above 
mudstone contacts. 

4.4.2.1.1 Distributary Channel Description: 

organic clasts are present at the base and along sharp dipping surfaces that may be slightly 
undulatory, and often associated with a abrupt increase in grain size over the dipping surface. 

above the source distal, poorly or moderately drained coastal plain associations. 
Chelonipus

movement, as discussed earlier. Associated traces within the Sr facies at this site are tiny 

Skolithos Chelonipus more relatable to 
swimming behaviors. Rhizocorallium, Helminthoidichnites, larger surface plowing traces, 
and Teredolites
Planolites
of these traces are not directly associated with the surface, but do exist in the same facies, 
and within several centimeters of these track surfaces.

4.4.2.1.2 Distributary Channel  Interpretation: 

are characteristic of the lateral migration surfaces seen in point bars of meandering river 
Chelonipus has 





with this assessment. The two studied sites in the Ferron Sandstone do seem to represent 
different exposure conditions. The terrestrial Chelonipus is linked with small vertical mud 
structures that could represent either rooting, or Skolithos. Meniscule Skolithos have often 

with the swimming behavior of Chelonipus

In the third location where this facies association is observed does not contain 

dispute their interpretation for this third location. In order to maintain the simplicity of 

due to the dominance of medium grain sizes and by Facies St. These characteristics are 
very disparate from what is likely a more distal mouthbar expression closer to the terminal 

4.4.2.1.3 Moderately Drained Coastal Plain (Source Distal) Description:

upwards trends may be present. The mudstone facies are typically various shades of grey, 
but may also be a reddish brown color. Color mottling is often apparent. Iron and sulfur 
staining is common. Iron occasionally may be present as nodules. 

show Teredolites Skolithos are rarely preserved 
Iguanodontipus burreyi

Teredolites 
in carbonaceous debris are rare, and was not associated with the footprint surface.
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4.4.2.1.4 Moderately Drained Coastal Plain (Source Distal) Interpretation: 

a distal nature to the sediment source. Blocky to platy textures are indicative ped creation 

reliant on exposure of the surface. Exposure is dictated by how well the soil is drained 

exposure. The iron stain may indicate oxidation, but the dominance of grey color suggests 

Teredolites may indicate some of these deposits accumulated in close proximity to 

Skolithos, that occur on the same 

4.4.2.1.5 Poorly Drained Coastal Plain (Source Distal) Description:

secondary facies that almost always lies between coal and any other facies. Additional 
mudstone is present in the form of several centimeter ash beds as coal splits. This association 



There is generally very little coarse grain content within this association. Facies 

abundant micaceous material. Carbonaceous material is often abundant in facies Fl, often 
as lamina or lenses, that can account for over half the deposited material. Facies Fl is often 
a brownish color when associated with the organic lenses, otherwise, it is various shades 

animal bioturbation recognized within this association.

vertebrate ichnites are common in Facies Fl, which is also often grouped into the base of 
track-bearing Interdistributary Facies Association due to the often gradational contact with 

Association, but may also underlie Facies Fl of the Washover Prone Association and the 

4.4.2.1.6 Poorly Drained Coastal Plain (Source Distal) Interpretation: 

of paleo-histosols, that are deposited in dominantly waterlogged conditions. The succession 
of gleyed paleo-vertisols, then paleo-histosols, topped with laminated mudstone is a 

4.4.2.1.7 Interdistributary (source proximal) Description:

thick, with the dominant component being facies tan to white Sr. Facies Sr is typical mud 
draped, and often is rapidly gradational along the top and base. Minor sandstone facies 



are St, Sm, Sr, and Sl. Facies St is only occasionally seen, and only in the basal part of 

upper grains. Fine upper grains are only associated with the two thickest sandstone beds 
seen. Mudstone clasts are conspicuously absent, and only abundant near the middle of one 
of the thick sand beds. Alternatively organic debris, both as angular-subangular clast, and 
as leafy material is fairly common. Iron staining is a common feature, as well as rooted 
tops. In some intervals, iron occurs as nodules or beds. The sandstone in this facies rapidly 
thin laterally or grade into mudstone facies. Small convex up based sandstones may appear 

Mudstones occur as thin deposit intervals of Fl or Fp. The mudstones are often 
silty or sandy, and may contain sand lamina. Vertebrate ichnites are present in three places: 
along the base of the thick sandstones, in Facies Fl in this association, or as mudstone or 

Skolithos may be present along the base of the 
Planolites may be present along 

Beaconites antarticus sensu Bradshaw, 

relative straightness. However, many of them are vertical, which is disparate from the 
description, and often these burrows appear as weathered out Skolithos tubes. Toponomic 
Skolithos expressions of Beaconites

due to reworking by the meniscate burrows or by heavy rooting. A heavily nodose burrow 
possibly attributable to Camborgyma 

are often seen being cross-cut by Beaconites antarticus
the underlying sandstones that contain B. antarcticus. Some vertebrate natural casts may 
have Planolites on the base.

4.4.2.1.8 Interdistributary (source proximal) Interpretation: 
 The Interdistributary Facies Association represents the wide variety of clastic 

distributary channels. This applies to both open and closed bays of varying salinity. There 



are no observable indicators of brackish conditions that were seen in this association. The 

small channels. The Interdistributary Association succession that likely represents the most 

Skolithos on the base 

rare fallen blocks, and prominent displacement bulbs in cross-section. The only notable 
trace was that of ?Camborgyma. 

Amblydactylus Iguanodontipus 
burreyi
the tops of beds in cross-section, but not in plan view. Additionally, many forms were 

Beaconites Iguanodontipus burreyi

are also commonly seen associated with these bioturbation signatures in anastomosing 

lacustrine environments produce the meniscate burrows, where the resulting sediments are 



4.4.2.2 Nearshore 

laterally into Facies Sl, which furthers transitions laterally into Facies Sr. The Brackish Bay 

Association is dominated by facies St and Sl that transitions to more facies Sr, Fm, and 
Fl upwards. The Washover Prone Facies Association has many of the same facies as the 
previous association except the vertical transition is largely reversed, and Facies Sl often 
shows rhomboidal parting lineations.

4.4.2.2.1 Distributary Mouth Bar Description: 

composed of two packages of dominantly subdecimeter beds of facies Sr and Sl. Facies 

and vertically into one another. The contacts can be gradational rippled surfaces, or load-
cast bases. Facies Sr and Sl are interbedded with minor facies Fl, which may be moderately 
bioturbated by Thalassinoides or Planolites, or facies Fm which is heavily bioturbated. The 
two sandstone facies are sparsely to moderately bioturbated by Skolithos or Monocraterion-
like vertical burrows.

Architecturally small orange channels can be seen with facies Sl beds dipping 

form near the top in this outcrop is much smaller in the upper than the one seen in the lower 
package. This facies association is located under the Brackish Bay Facies Association.

The vertebrate ichnites occur at the very top of this association marking the 
transition between the two facies associations. The overlying beds do not appear deformed 
in relation to the antiform structures on this surface, and therefore these are not believed to 
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and linear-rippled surfaces. The amorphous nature of the impressions, leads towards the 
inability to make a conclusion on their genesis at this time.

4.4.2.2.2 Distributary Mouth Bar Interpretation:
 
deposits. Similar, but slightly coarser mouthbar deposits that contain small channels and 

Skolithos

top may be due to wave reworking of the bar into beaches. This could be a possibility for 
the top surface where the tracks lie, but there were no swash marks seen on preserved 

the sandstone is bioturbated, similar pock marked surfaces have been seen in the modern 

preservation of the large vertebrate generated antiforms on the upper surface suggests that 

conditions due to their poor preservation of the track morphology, as well as the only 

the antiforms suggest little in the way of reworking of this surface, suggesting rapid burial 

conditions that led to the preservation of the ichnites is further evidenced by the direct 
draping by the Brackish Bay Association.

4.4.2.2.3 Brackish Bay: 

of Facies Fl. Facies Fl is a grey mudstone, often organic rich, which contains shell material 
in the upper two-thirds of the association. Common shells are Crassostrea and axial 



elongate gastropods. Shells are broken in some intervals, but in others may be articulated 

horizons were noted within this association. The lack of observable ichnites within this 
association could be the result of the largely homogeneous nature of the deposits. The 

4.4.2.2.4 Brackish Bay Interpretation:
Crassostrea and often containing 

abundant carbonaceous debris from the Ferron Sandstone have been described as brackish 
Crassostrea

Crassostrea

position of some of the bivalves lend to the interpretation in situ deposition of the shells. 
The lower few decimeters of the association may be more akin to the conditions present 

by brackish facies.

4.4.2.2.5 Nearshore Complex (Tidal Channel Migration) Description:

thickness of the St and Sl beds generally decrease upwards whereas the thickness of Facies 

being replaced dominantly by facies Sr and Fl. These upper sandstones often thin and 
disappear laterally. Additionally, the percentage and thickness of massive to bedded facies 
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horizon. The tracks may also occur in facies Fl and Fp as sandstone bed attached structure 

The basal Sl and St facies contain rare to moderate bioturbation by Siphonichnus, 
Ophiomorpha. The Sm interbeds are heavily bioturbated by mud-

Ophiomorpha and Palaeophycus
interbeds with Thalassinoides, Planolites, and Ophiomorpha. The bioturbation lessens 
upwards and becomes replaced more by small roots, rare linearly scratched vertical 

?Camborygma
?Beaconites

4.4.2.2.6 Nearshore Complex (Tidal Channel Migration) Interpretation:
 

representing tidal channel migration. Many back-barrier subenvironments may be present 
in this association, but the dominant process is comparable to the tidal creek point bar 

half the height of their model, but displays a similar trend of upward decrease in grain and 

change from incision and deposition of higher energy bedforms in the deep channel to 
deposition of smaller lower energy bed forms upwards as the channel moves laterally. As 

drape on top followed by more rooting associated with marshes. Heavy bioturbated intervals 
Ophiomorpha and Thalassinoides

Ophiomorpha 
are present across many brackish to marine deposits from the Cretaceous Western Interior 



the ichnogenera of Siphonichnus, Planolites, and Thalassinoides are characteristic of tidal 

to allow recognition of the ichnites. 

4.4.2.2.7 Nearshore Complex (Washover Prone) Description:

described facies association in that it is essentially a reversed vertical succession with Fl 
on the base overlain by an often loaded surface that in turn is covered by facies Sr, Sl, and 

ripples. Much of the details regarding sedimentary structures have been addressed in 

contain burrows of Thalassinoides, Planolites, Teichichnus, and ?Gyrolithes

near the base contain Ophiomorpha, Siphonichnus, Psilonichnus,

sandstone. Most of the intersurfaces appear as small breaks or completely bioturbated 

may preserve as reliefs in the sandstone on the opposite sandstone face, but typically they 
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The mudstone ichnite surface near the top that contains tree casts showing vertebrate induced deformation 

Thalassinoides
sandstone with the upright tree casts. The surface also contains various preservations of ornithopod tracks. 

different horizons displaying a similar pock mark nature that may be related to microbial matting.
-

sociation



shallowly preserved tracks provide large surfaces to study when they fall away from the 

4.4.2.2.8 Nearshore Complex (Washover Prone) Interpretation:
 

foreshore or washover conditions, and the base is more conformable than the base seen 
in the Tidal Channel Association. These two associations likely share some of the same 
subenvironments, due to the overall similarity in facies. However, the successions are 
much different. Essentially the succession in this association is the opposite, with the 

bioturbation by Thalassinoides and Planolites with Siphonichnus
cutting Ophiomorpha
of the previous association. The additional traces of Teichichnus and Gyrolithes are also 

 The preservation of the ichnites appears similar in the base and in the lower 
interbeds of this association to what is seen in the Tidal Channel Association. However, the 
preservation along the intersurfaces, or the concave up mudstone interbed appears inherent 
to the Washover Prone Association. The intrasurfaces are  related to intertidal areas, whether 
it is high-energy facies of a foreshore or washover, or that of low energy ripples along a 

for the often pock marked surfaces. Microbial mats provide cohesion to the sediment 

also may have maintained a high moisture content as evidenced by the dewatering of the 



such as a slough or interdune area along the coast. The tracks of this surface and the root 
casts of trees appear similar to fallen blocks that can be seen near the Moore Trackway that 

4.5 DISCUSSION

as, the theropod morphologies only occur in the Washover Prone Association, that the 
probable wading bird ichnites only occur in the nearshore settings, and that the turtle traces 

strong biases that are present due to the lack of large track surface exposure, and this may 
also be why so many morphotypes are seen in the Washover Prone Association, which has 
the largest exposed surfaces. Additionally, bioturbation plays a role in the preservation 
potential of smaller morphologies, and large gracile forms in both the Tidal Channel 

were therefore unable to provide a complete morphotype for these forms. Also, it is more 

Association. Track taphonomy plays a vital role in the assessment, as can be seen in the 

associated with the transmitted reliefs. While these factors greatly limit the potential of 

the Chelonipus

The greater utility of this study is the association of the ichnite preservation with 

In the coastal plain, tracks preserve as depositional hiatuses within the channel, or often 

vertebrate passage in cross-section. Within the channel, there appears to be two assemblages, 
Chelonipus with 
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channel assemblage has Chelonipus, Characichnos, Rhizocorallium, Helminthoidichnites, 
mollusk plowing traces, and possibly Planolites. There may be a continuum for the coastal 

Skolithos in texturally 
mature mudstone with large roots being a more expose/better drained end member, and 
with laminated mudstone with Planolites being the poorly drained end of the spectrum. The 

Beaconites

which might lead some to mistake it as a more nearshore environment. It is uncertain the 
true taxonomic identity of ?Camborygma, or the level from which the trace distends from, 
therefore making it hard to use as an ecological assessment tool.   

tracks are amorphous, likely due to the saturated nature of the sediment, and therefore 
do not lend much in terms of morphotype comparison. However, the large transmitted 

Associations are the only associations that contain the assemblage of dinosaur tracks with 
Thalassinoides, and often overprinting by Ophiomorpha. Although these occur at different 

textures. Additionally, this relationship is present in vertical succession as well. The 
heavy bioturbation in these environments provides a media for preservation of transmitted 

preserved with the deepest appreciable specimens in the mudstone lithologies, whereas 
they are the shallowest when emplaced in close proximity to an underlying sandstone, 
such as in the intersurface of the Washover Prone Association. The upper portion of the 

heavily rooted sections. 



are more likely linked to the abandonment or transgressive cycles of the delta. 

4.6 CONCLUSIONS

Vertebrate traces are fairly common in the Ferron Sandstone, but are not abundantly 
recognized mainly because they do not normally occur in direct contact with a minable 

Amblydactylus, Iguanodontipus burreyi, and a small morphology with robust 
Chelonipus

expression of tracks occurs in numerous toponomic expression such as natural casts, molds, 

heterogeneity. Heterogeneity may come from physical impartment or created by biogenetic 

only found in the intertidal environments. A more meaningful observation comes in the 
examination of the Chelonipus tracks, and the I. burreyi tracks in relation to the invertebrate 
traces and depositional environment. Chelonipus is only seen in channel point bars deposits 
of the Ferron, which is consistent with the other Mesozoic occurrences, and there appears to 

Rhizocorallum, 
Helminthoidichnites
environments. The I. burreyi Beaconites
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CHAPTER 5: FUNNEL APERTURE ICHNOTAXA AS INDICATION OF 
STOPE FEEDING BEHAVIOR IN THE ROCK RECORD

5.1 INTRODUCTION

In modern intertidal and shallow subtidal settings, funnel-feeding is a common 

Arenicola
Abarenicola

Balanoglossus
Pytchodera;

forms of arenicolid polychate burrows have been used as a modern analog for the simple 
U-shaped burrows, Arenicolites

behavior described from the rock record. Most ichnogenera with funnel or “V”-shaped 
Cylindrichnus, 

Rosselia, Lingulichnus, Monocraterion, and Altichnus

must be relatively short to avoid total mixing of the sediment. Additionally, these structures 
are often lumped into other ichnotaxa, or misinterpreted as retrusive structures. In order 
to identify these structures in ancient deposits, the commonalities of biogenic structures 

allows for evaluation of expected key, recurrent morphological characters, in order to 

though it can be argued that parts of the biogenic structures discussed in this study may not 
sensu



5.2 MODERN ETHOLOGY: FUNNEL FEEDING (STOPE FEEDING)

Funnel feeding is a deposit feeding method utilized in nutrient poor sandy 

the sediment at the anterior end of the burrow, thus creating a funnel shape due to the 

stope feeding, is probably more appropriate for this deposit feeding behavior since the 

the other funnel aperture constructors. 
Modern organisms that create roughly U-shaped biogenic structures to utilize 

Arenicola and Abarenicola

Balanoglossus 
and Pytchodera

), possibly Leptosynapta
and some specialized Axiothella
funnel-feed and have the capability to create U-shaped biogenic structures. Balanoglossus 
and the Arenicolid polychaetes are commonly investigated in the modern due to their large 
size, which contributes to the deepest tiering and sediment disturbing capacities of modern 

tubes with the deposit-feeding funnel at one end and fecal casts at the other end. However, 
U-shaped tubes are an uncommon form in the modern funnel-feeders, such as Arenicola, 



of Balanoglossus gigas

water circulation into the stoping structure, which suggest many feeding methods may be utilized secondarily 

CHAPTER 5



The U-shaped constructional program has a vertical anterior segment representing feeding 

as Balanoglossus and lugworms often circulate water through their burrows in opposing 
Balanoglossus utilizes an anterior tube, not associated with the 

funnel, to pump to the posterior region of the burrow, whereas lugworms circulate water from 

morphological difference between the two funnel-feeders in that Balanoglossus needs an 
anterior tube to the surface established for circulation purposes, whereas head-forward 
pumping polychaetes do not. This distinguishing functional characteristic is later used, 
and discussed, as a key morphologic character for ichnotaxonomic subdivision in the rock 

priority. This will be done by examining the variability in the burrows of organisms from 
Arenicola marina

used as an example because it is one of the most thoroughly described in terms of funnel-
feeder burrowing in current literature.

5.2.1 Modern Biogenic Structure Morphology

The burrow morphology of all modern stope funnel-feeding forms can be distilled 
down to the three subdivisions of Arenicola marina

continuum, which can be expanded to all funnel-feeding forms. The head shaft is the 
anterior region of the burrow dominantly shaped by the funnel-feeding mechanism. The 
gallery is attached to the head shaft and is the region where the animal lives and moves 
back and forth between feeding and defecation. The gallery connects posteriorly to the tail 
shaft where the animal’s tail rests during defecation. It is important to recognize that the 
term “shaft” in these regional designations does not necessarily imply straight sided or open 

Additionally, the gallery always represents a greater vertical reach than the tail shaft, and 
may constitute more of the vertical anterior segment than the head shaft. Each region of the 
tripartite subdivision shows numerous variations in shape and branching, which result from 





numerous environmental variables, animal residence time, and for use as analogues to the 

in more detail. 

5.2.1.1 Head Shaft (Feeding Region)
The head shaft is the area of the burrow where the animal feeds as well as the 

and in the more cohesive sediments that are not conducive to stope feeding may feed along 

strategies. There are two regional subdivisions within the head shaft that are often present: 

The advective funnel is largely the result of the stoping feeding method, which 

smaller funnel. In very cohesive sediment, the animal has to switch to a different type 

dominates and the advective funnel may distend the entire depth of the burrow. The pumping 

Even though these organisms have long been studied, little work detailing the 
biogenic texture created in these funnels has been completed. Typically, only the outlines 



when the animal moves up to either mechanically aid in the collapse of sediment or move 

these mucus-cemented tubes could be created from a process described whereby the 
Arenicola 

brasiliensis
Axiothella; Bookhout and 

The common unifying feature in all of the advective funnels appears to be the biogenic 
production of collapsed sedimentary features, and in the case of head-forward pumpers, 

cavity where the organism feeds mainly on the stoped sediment loosened from the base 

that the feeding pocket may result in the accumulation of coarser sand grains due to the 
inability, or preferential ability to keep lighter grains in suspension while pumping water 

mucus-coated proboscis, hence, coarser grains are believed to accumulate in the feeding 
pocket due to a passive selection. Mechanical sorting is additionally suggested by Wells 



5.2.1.2 The Gallery
The gallery represents the mucus-coated area in which the vermiform pass back 

The gallery usually represents the largest part of the burrow, but the morphology is highly 
Arenicola marina and Abarenicola 

5.2.1.3 The Tail Shaft

5.2.1.4 Taphonomy 
Arenicola burrows are no 

longer a simple form, but become a network of lateral branches. The posterior portion 

Protected settings have stable head shaft locations, while in unprotected areas, new head 
shafts are constantly constructed. Sediment cohesiveness may play a role in determining 





Figure 5.4: Examples of complex morphologies of lugworm burrows



shaft results in the head shaft being the most abundant preserved biogenic feature over 

lugworms may occasionally reverse in their burrows to mine the posterior shaft and fecal 
pile, thus overprinting the evidence of a simple vertical tube structure. It is important to 
note that in some cases iron-cementation in the posterior of the burrow may result in greater 

has the least preservation potential due to the close proximity to the surface, which may 
allow for easy reworking. 

consistency of the sediment. We know these animals often live in areas where the sediment 

biogenic structures that signal substrate changes with time. Most studies have focused on 
the simple structures these animals produce, with less emphasis on how  these features 

preservation potential and whether or not the head shaft collapses down into the feeding 
pit over time. Additionally, the advective funnel is a feature that can be reinitiated several 

feeding pockets, as well as blind branches. This would result in complex morphologies, 
which may represent behavioral variations, environmental/substrate conditions, or may 
represent colonization durations. Even though these forms may be highly complex, the 
stoped, dipping lamina of the advective funnel represents a simple component of all of these 
biogenic structures and is relatively easily recognized. As well, it has greater preferential 
preservation potential, and the stoped structures versus the open portions present important 

rectify the taxonomy of trace fossils representing stoping deposit feeders by establishing 
end members with focus on biogenic stoping structures as key morphological characters. 



Traces from the Ferron Sandstone are used to establish these new taxonomic variations. 

5.3 GEOLOGIC BACKGROUND

The trace fossils described herein were collected from the Ferron Sandstone, of 
central Utah, or within 5 meters beneath the unit, in the mudstone dominated Tununk 

Altichnus

area. The Ferron Sandstone of this area is often broken up into transgressive-regressive 
th

Altichnus

Altichnus traces in the 

Altichnus occurs in sandstone 

mudstones. These features agree with the previously interpreted environmental settings 

However, the organisms cited herein as the dominant producer of Altichnus are known to 

5.4 INSTITUTIONAL ABBREVIATIONS



Altichnus

Altichnus in the study area



Museum Collections, University of Alberta, Edmonton, Alberta Canada. All core photos 

5.5 SYSTEMATIC PALICHNOLOGY

5.5.1 Ichnogenus Altichnus Bromley and Hanken 1991

5.5.1.1 Type Ichnospecies 
Altichnus foeyni

5.5.1.2 Emended Diagnosis
Vertical or subvertical shafts, perpendicular to the bedding plane, comprised of 

dominantly unwalled structures whose diameter generally increases upwards. These 
vertical shafts may take on funnel or bulb-like morphologies, especially at the terminal ends. 
Bulb-like morphologies may stack vertically. Both funnels and bulbs may branch laterally. 
Branches containing terminal bulbs or funnels will maintain elongate axis perpendicular 
to the surface. Whereas, branches of simple shafts axis’s are oriented at an angle to the 
depositional surface, and may narrow in the terminal few centimeters. The vertical shaft 

can occur laterally off of the main shaft or secondary shafts, may branch at the base of the 
shaft where the burrow bends more horizontally, or the horizontal tunnel may branch from 
a similar position of the posterior vertical tube with each split tunnel terminating anteriorly 

5.5.1.3 Discussion
The original description of Altichnus

Altichnus
key morphological criteria, and could actually be related to U-shaped biogenic structures, 



that may not be preserved or noted due to some factors as tunnel collapse, the high densities 
often associated with these traces, the toponomy, and the limited angle at which to view 

Monocraterion 
Altichnus can have a Skolithos-like tube at the base, 

which makes it resemble Monocraterion in some views, but the base of the Skolithos-like 
tube in Altichnus

in the morphology of Altichnus, from that of the simple funnel to that of stacked bulb-
like morphologies that terminate in a funnel. They interpreted the stacked bulb form 

Altichnus

believe this is probably also resultant from deformation. Both sets of authors attribute 
the production of these traces to the work of suspension feeders over time. This likens 
Altichnus to forms of other vertical bulb-like traces attributed to suspension feeders such as 
Rosselia and Polycylindrichnus. Conversely, Rosselia and Polycylindrichnus are mudstone 
dominated, wall-lined, and possess near vertical spreite that are oriented in direct relation 

characteristic, vertical spreite, differentiates Tursia
Altichnus. The interior of the funnel or bulb-like morphologies of the terminal vertical shaft 
are typically composed of concave up lamina containing dominantly organics, sand, or 
silt. These lamina can be low angled or may exist as steep chevrons. These traces often are 

near the bottom of funnels. 

Lingulichnus , Conichnus, Lockea
lingulid shell is often still preserved in the Lingulichnus 

Altichnus 
convex up lamina are mainly oriented in vertical packages. In cross-section, Altichnus 
can typically be differentiated from the other tube bearing form, Lingulichnus, because of 
Lingulichnus Altichnus may appear to have oval 



shapes, but these shapes are resultant from having two tubes in close proximity, and care 
must by taken in accessing the two. Collapse features may share the closest morphology 
to Altichnus, due to the chevron shapes, and decrease in steepness of the convex up shapes 
upward. However, Altichnus, often may show several events or packages, may have lamina 
at steeper angles than would be produced by the collapse of a simple tube, may possess a 

matrix. 
Altichnus funnel shape and internal concave up structures is similar to the shape 

method as biogenic construction. The funnel is the simplest stoped form made by the 
modern burrowers, thereby their burrows are often illustrated this way. A few authors have 
illustrated the internal lamina created in these “funnels” which often show that the internal 
lamina are more complex than a simple funnel, but may widen and offset or even produce 
structures that may show little upward tapering from the base. Additionally, the nature of 

microfaulting along the margins. Additionally, these animal move back and forth often 

pigeonhole characteristics that can be used for trace morphology. 

5.5.2 Altichnus foeyni Bromley and Hanken 1991

5.5.2.1 Holotype 
Paratypes, 

5.5.2.2 Diagnosis 



5.5.2.3 Discussion 
Altichnus foeyni is found in the landward pinchout of the basal portion of the 

be transgressive nearshore marine conditions with evidence for shallow high-energy 

Altichnus foeyni is found in dominantly planar laminated sub-decimeter very-

observed with Altichnus foeyni, besides other Altichnus species, is Siphonichnus. However, 
Siphonichnus 

versus how many are toponomic variations of Altichnus. Some Ophiomorpha cross-cuts 

shows moderate bioturbation and preserved planar bedding, the tops of the units can be 
completely covered in bulls-eye plan view cross-sections of Altichnus 

The Altichnus foeyni of the Ferron Sandstone are preserved as branched funnels 

for Lingulichnus
be seen that these ovate patterns contain two central structures, and may be the product of a 

also could be attributed to Altichnus
is typically less than 4 cm along the maxim axis. In vertical cross-section, these traces are 

 The tapered funnel base, horizontal shafts, and iron-cemented shafts are taken as 

earlier, there is a taphonomic bias against preservation of the posterior tube. However, 
the iron-stained vertical shafts could represent the same posterior cementation seen in the 
modern Arenicola





Altichnus foeyni: Altichnus 
bearing laminated sandstone and heavily bioturbated organic rich mudstone that lies at the base of Kf-4 

Altichnus and Siphonichnus

Altichnus foeyni
Altichnus

A. foeyni, but the linearity 
of the pattern may also suggest Altichnus

Altichnus as well as horizontal dipping tube 
Ophiomorpha

Altichnus foeyni



Thalassinoides and Planolites in the underlying organic mudstone to which the bottom of 

 This varies from other known descriptions of Altichnus in terms of age, morphology, 
Altichnus

Altichnus has been 

Altichnus foeyni
toponomic expression often appears more fusiform in nature; or club-shaped as noted by 

which is likely related to the differing lithology of the encasing matrix. The funnel forms 
of the Ferron are in a sandstone matrix, are closer to the muddy metasandstone examples 

shale. As such, the Ferron specimens are akin to the modern substrate cohesionless grain-

spectrum. Although without seeing the type specimens in person, it is impossible to truly 

suspension feeders. Such is the case also with the Altichnus

are more comparable to Polycylindrichnus
suspension feeding form of Altichnus. Conversely, the Ferron example is the product of an 

vermiform. 

5.5.3 Altichnus isp. A

5.5.3.1 Locality and Distribution 
The described specimens of Altichnus

southeast of Emery, Utah.



5.5.3.2 Diagnosis
 A vertical, unlined upward expanding form that is funnel-shaped or fusiform in 

nature. The expanding upward outline is vertical to near vertical in relation to the bedding 
plane, and in some toponomic expressions is observed in association with a basal shaft. This 
basal shaft bends away from  the vertical shaft and back up towards the surface, creating 

like morphologies and fusiforms. The basal tube may connect to an internal tube within the 
expanding form, in which the tube may be centralized, not present, or may be expressed as 
multiple partial tubes. 

5.5.3.3 Preservation/Discussion
Altichnus isp. A is represented in the Ferron Sandstone by two basic forms: the 

funnel forms are present in the same rock package as Altichnus foeyni
Altichnus 

Altichnus 

This differs from Altichnus foeyni in which each funnel distinctly branches off a parent 
Altichnus 

isp. A) Altichnus foeyni)

Altichnus 
Altichnus foeyni is usually more ovate. Multiple small shafts are occasionally present in 

could be stowage in the posterior shaft, due to consistent overall diameter throughout, seen 
in cut samples. 



Altichnus

Altichnus 
Altichnus 
three tube structures within a plan view cross-section. 

Altichnus isp. A



Altichnus isp. A and Altichnus isp. B were collected as well as fusiform varieties: 

Altichnus were 
Altichnus

of Altichnus
rich Altichnus

Altichnus isp. A and Altichnus isp. B were collected as well as fusiform variet-
ies



planar-laminated sandstones, but the mudstone interbeds are more depauperate in terms 
of bioturbation. These fusiforms almost always occur with the concave down top in a 

surrounding the sandier portion or is resultant of the up-warped lamina at the top of 
the burrow. The upwarped lamina at the top and bottom of the burrow may result from 
differential compaction. The microfaulting that typify the margins of these forms may result 
from this as well. Conversely, the microfaulting could be the result of radial fracturing that 
is seen in the modern creation of funnel structures by Arenicola

muddier sediment. Thus the fusiforms represent Altichnus in more cohesive deposits and 
funnels typify cohesionless matrix variations. Alternatively, fusiforms may also represent 

would explain the shaft structures at the top of the burrow. Ethologically, both forms are 
interpreted to represent stope-feeding of vermiforms. However, the fusiforms also likely 

lateral stowage of the large grains.
 An issue that needs to be addressed with these traces being interpreted as overall 
U-shaped constructions is the differentiation from similar forms such as Arenicola and 
Catenarichnus. This is an important distinction not only for morphological reasons, but 

U-form work schemes, those of suspension feeding organisms, those of surface-scraping 
deposit-feeding organisms, and those of sand-swallowing deposit-feeding organisms. The 
sand-swallowing organisms are fundamentally different because of the enlarged anterior 

prominent enlarged aperture with stoped lamina is distinctive. Therefore, the presence of 
this distinctive morphology on the end of an overall u-shaped tube should be referred to as 
an ichnotaxon that gives the funnel taxonomic priority rather than using the tube shape to 
name it Arenicolites. Arenicolites
limbs of the U-shape is roughly perpendicular to bedding with a sub-parallel relationship 



Catenarichnus 
illustrates Arenicolites carbonarius

A. carbonarius as having concentric retrusive 

Arenicolites carbonarius are synonymous with Altichnus 
isp. A because of the prominent funnel with downward converging lamina present, and 
thus it does not belong amongst the simple U-tubes that typify Arenicolites. The branched 
and Y-shaped morphologies of A. carbonarius
taxonomic emending, and could be a species of Altichnus but they do not belong in Altichnus.  
Another similar form that warrants investigation is that of Monocraterion, which may be 
distinguished by it’s straight basal shaft, but has likely been a prior taxonomic catchall for 

5.5.4 Altichnus isp. B

5.5.4.1 Locality and Distribution
The specimens of Altichnus

5.5.4.2 Diagnosis
Vertical, unlined upward expanding forms that are funnel-shaped or fusiform in 

nature that are connected basally. The expanding upward outlines are vertical to near vertical 
in relation to the bedding plane, can overlap, are in relatively linear, or slightly curved, 
arrangements, and may occur at various heights. The funnel or fusiforms are connected 
basally by concave up tube like structures, or an amalgam of hypichnal linear structures. 
The tubes or linear structures are much longer than wide, and are often asymmetrical in 
orientation. The asymmetry results in the elongate axes of the tubes or linear structures 
converging in one general direction. 

5.5.4.3 Preservation/Discussion
Altichnus isp. B is found in the same units as the Altichnus isp. A in Ivie and 

Altichnus



Altichnus

left side of the yellow dashed line showing seperation of two features containing downwarped lamina, with 

line showing the two features.

Altichnus isp. B



Altichnus 

Altichnus 
A. foeyni

Altichnus isp. B



Altichnus isp. B is differentiated by the lateral grouping of burrow and connection or 
amalgamation of the basal concave up structures. While the individual stacking of the 

 Altichnus isp. B is interpreted to represent the laterally migrating burrow of a stoping 
deposit-feeder. While alignment in Arenicola

a curved tube. The lateral movement of the curved tube over time is noted by Richter 
Arenicola. The asymmetry is consistent with what is 

establishment of successive funnels in modern Arenicola

instead of relying on down draw from the sediment surface. Establishment of the base of 

a common theme among modern Arenicola. Conversely, the more cohesive substrate at this 
 

5.5.5 Altichnus isp. C

5.5.5.1 Type Locality and Distribution
 The two specimens of Altichnus





Altichnus

beds, with relatively low bioturbation abundance, in which Altichnus isp. C 

vertical shaft topped by funnel structure branching from a low angle tube that continues towards the surface 

sections of modern Balanoglossus

multiple funnels are developed. 

Altichnus isp. C
 



dominated portion around 4 meters below the base of the sand-dominated succession, 

5.5.5.2 Diagnosis
Vertical or near vertical shafts that widen upwards, and are connected to a low angle 

vertical to near vertical shaft is often seen in cross-section with an upper funnel portion, 

a lowercase “y” in ideal cross-section. The tapering connects to a larger structure, as a 
continuation in the opposite direction of the branch. This continuation is inferred to be 

always occurs on the inside of the non-expanding upwards branch which continues 

nature, but regularly has some degree of cross-sectional asymmetry, and may be steeper or 
truncated closer to the edges of the trace. There may be some wall material along the edge 
of the trace, but not as a continuous mudstone lining. 

5.5.5.3 Preservation/Discussion
Altichnus

these would lie in the distal delta-front or proximal prodelta. 
The specimens of Altichnus isp. C differs from the other specimens of Altichnus 

mistaken for Rosselia, or Monocraterion. However, Altichnus isp. C typically has convex 
up lamina within the funnel, unlike Rosselia, which has lamina that is oriented vertically. 
Additionally, Rosselia
give the type series of Altichnus isp. C its grey appearance, is due to the large amounts 
of organics within the trace. Altichnus isp. B is differentiated from Monocraterion by the 
branching at the base of the vertical shaft, which is also denoted by an inward skewed 



due to the collapse process and the passive mucus cementation of the walls, or sediment 
stowage, rather than an agglutinated tube. This can be evidence from the asymmetry in the 

Altichnus
one with concave up lamina in the center and steep lamina on the outer margins of the 
funnel; and the other which is a highly convoluted internally. The organized lamina 

darker material is organic detritus, which is noncohesive in nature. This is a fundamental 
Rosselia, Cylindrichnus, and Polycylindrichnus

which are composed of cohesive materials. The funnels with convoluted internal structures 
are interpreted as feeding structures that represent escape of the animal upwards out of the 
feeding funnel. Evidence for escape can be seen above these burrow as tilted chevrons in 

one organism occupied each funnel. There is potential evidence of multiple related funnels 

The funnel structure and basal shaft is always a vertical to near vertical structure in 
Altichnus isp. C that connects basally to a low angle tube. This tube continues tangentially 

the vertical shaft as a widening downward, with the base appearing rounded. The basal 

sectional view of three-dimensional forking, or from asymmetrical sediment stowage. The 



low angle branch likely illustrates stowage as well, as noted in the stepped lamina within 

Altichnus isp. C represent a disparate ethology from the other three due to the low 

interpreted to be a large U-shaped structure that is too large to be resolved even in outcrop. 
What distinctive morphology we do see is comparable to the anterior end of modern 
Balanoglossus
containing a funnel aperture off the U-tube. The enormous length of Balanoglossus has 

likely skews the cross-sectional orientations at which the two lie in diagrams. It is rare 
to observe both the entirety of the low angle branch and the funneled branch in the same 

the shaft, which represents the bifurcation. There is a possibility that multiple funnels may 
exist off of a single U-shape, but from what can be seen in outcrop, these funnels likely all 

for burrowing in Balanoglossus clavigerus species where multiple funnels initiate off the 

would be preferred for stope-feeding, but this could also be a form of communalism.

5.6 DISCUSSION

All of the Altichnus species found in the Ferron Sandstone appear to be the product 
of stoping deposit feeders. Altichnus foeyni, Altichnus isp. A, and Altichnus isp. B are 
likely part of a continuum of forms created by head-forward pumping stoped sediment 
feeders. Conversely, Altichnus isp. C, appears to represents a stope-feeder that pumps water 

the nature of the substrate is an important indicator, as well. The feeding mechanism works 
best in smaller sand sizes, however in homogeneous sandstone these would be hard to 
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they have the potential to accumulate. In the Ferron, burrows with cleaner sand than the 

appears to work differently in the funnels of Altichnus isp. C, where organics provide the 

instead surface material accumulates, and is subducted into the pipes. The funnel likely 
aids in the trapping of organics, and therefore, overtime, the accumulation is mainly that of 

Altichnus isp. C may represent a different time of 

Altichnus 

that scale possibly representing immovable subducted material. Examples of immovable 

While we propose Altichnus as a stoped funnel-feeding structure, herein, this 

Schaubcylindrichnus attributed to 
funnel-feeding. The modern analog described for this Schaubcylindrichnus species by 

Balanoglossus ability to 
create new burrows and mucus coating the walls, which could line the burrow. However, 
the funnel-bearing Schaubcylindrichnus as described by these authors are lined tubes 
that terminate in what they illustrate as a singular large funnel-shaped aperture, which 
is not similar to the form of modern Balanoglossus
Altichnus isp. C. The genus of Schaubcylindrichnus should be maintained for the species of 

easier toponomic expression to recognize than the funnel, and especially in such case that 
Schaubcylindrichnus represents domiciles of multiple ethologies. Tursia is another trace 

funneled apertures. Tursia may be a transitional form to Altichnus. Although, Tursia is 
easily distinguished from the species described herein by the irregular folding and vertical 
spreite, which converge downward towards a central tube. As such, this is interpreted by 



Altichnus isp. B, 
which represents dominantly a lateral movement of the burrow axis. 

These morphologies are distinctive enough to maintain individual genera, but it 
is proposed that these separate genera be combined at a higher taxonomic level in the 

behaviors without the formal taxonomic debate. In such scheme funnel-feeding species of 
Altichnus, Schaubcylindrichnus, and Tursia should all lie within the Altichnus group, since 
the species of Altichnus dominantly represent this behavior, where as the other may not.  
 
 

5.7 CONCLUSIONS

Three new ichnospecies of Altichnus are named from the Ferron Sandstone. 
Altichnus isp. A represents the simplest form of a continuum of U-shaped constructions 

tube. Altichnus foeyni is revised to represent the end member of Altichnus with distinct 
branching of the funnel/fusiform from a parent funnel/fusiform. Conversely, Altichnus isp. 
B represents branching of the tube structure in the basal reaches of the tube. The ethology 
of Altichnus for these species is attributed to a stoping deposit feeder, such as modern 
lugworms, which circulates water anteriorly. This often results in cleaner sand within 
funnel/fusiform structures. The fourth species of Altichnus, Altichnus isp. C is inferred 
to be ethologically and morphologically different due to the branching of a tangential to 

modern Balanoglossus. The interpretation of stope feeders for Altichnus species from the 
Ferron Sandstone is much different than what has been previously acknowledged only as 
a suspension feeding trace behavior. Additionally, it is suggested herein that the enlarged 
aperture with stoped biogenic structure takes taxonomic priority over the U-construction 
shape. As such, the Ichnofamily Fundibulidae is created for stoping funnel feeders to link 



traces containing the most distinctive taxonomic characteristic.
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CHAPTER 6: HIGH RESOLUTION STRATIGRAPHY IN DELTAIC DEPOSITS 
OF THE FERRON SANDSTONE USING ETHOLOGY TO PARTITION WAVE 

VERSUS RIVER INFLUENCED FACIES

6.1 INTRODUCTION

Ichnological work has often been used as a high-resolution tool for depositional 
environment interpretation, and thus ichnofacies analysis has been instrumental in helping 

Initially, this framework was established in terms of how these trace assemblages were 

trace assemblages can be used to paint a higher resolution picture of the rapid vertical 

Turonian Ferron Sandstone and Wall Creek Member. This study expands on this premise 

vertical changes between wave and river-dominated process, as well as comparison of 
subenvironments of the Ferron Sandstone to upper Cretaceous case studies that were 

transgressive overprinting is examined in an attempt to isolate the transgressive signal 

boundary. Five closely spaced cores from the Muddy Creek area of upper Ferron Sandstone 

lateral variation down dip, and use of ichnofacies in stratigraphic correlation, as well as 
what components are consistent across the distal and proximal delta front deposits of the 

ichnotaxa related to the transgression/abandonment of each system, as well as recognition 



C
H

A
PT

E
R

 6

a)
b)

c)



of subtle stratigraphic surfaces.

6.2 GEOLOGIC SETTING

6.2.1 Lithostratigraphic Context

occupy distinct clastic depocenters along the western margin of the Western Interior Seaway 

sensu sensu 

sensu 

6.2.2 Sequence Stratigraphic Context

marine sandstones were the result of delta progradation, abandonment, and transgression. 

sensu Vail et 



are dominantly interpreted as delta front deposits in this area. The approximate location of 
the Muddy Creek wells are indicated in red at the bottom of the diagram.



6.2.3 Depositional Environments and Stratigraphy of PS2c and PS2d

sandstones that are heavily normally-faulted due to the rapid deposition on the unstable 
Planolites, Skolithos, Arenicolites, 

Thalassinoides, Ophiomorpha, Rosselia, and Teredolites

Ophiomorpha and Skolithos

degree of wave reworking of the delta front deposits, and is complex showing at least 



where MC5 was drilled in the northern gooseneck of Muddy Creek. Blue dashed lines 



overprinting Ophiomorpha and Skolithos

outcrop exposure and thus many facies study’s models are limited to few ichnotaxa for 
Skolithos, Arenicolites, Planolites, Thalassinoides, and Ophiomorpha

However, these models have illustrated that the abundance and size of taxa is larger in the 

is potential to identify more diverse forms in this interval when using core, and that some 
more complex trace behaviors can be present in the offshore facies of the Ferron. The use of 

have shown, the Skolithos and Cruziana Ichnofacies are the key assemblages in almost all 

Skolithos and Cruziana

delta front from river-dominated delta front deposits at a scale as low as two meters. 

are grouped into facies associations according to facies and ichnofacies. Bioturbation 

of individual facies associations in this study. The focus will mainly be on facies association 

makes it unfeasible to assess lateral relationships and in some cases assess the ichnology. 

6.3 FACIES

6.3.1 Description of Key Facies
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structured, and graded. Massive facies are dominantly the result of bioturbation. Physical 
sedimentary structured facies contain sedimentary structures with direct connotation to the 

two types of graded facies: normal grading and inverse grading. The normal graded facies 

facies may contain sedimentary structures, but is normally massive white sandstone with 

or contain laminar bedding or low angle structures that may decrease in thickness and 
grain size upwards. Mudstone clasts may be present in the base. The inversely graded 

dirtied by abundant organic detritus. In the lower portion, the inversely graded lamina/beds 
thicken upwards as the grain size increases, and climbing or aggradational wave ripples 
may be present. Many times this lower portion overlies a small normally graded bed. As 
the inversely graded facies continue upwards the inverse lamina become thinner, the grain 

sharply by a normally graded sandstone bed or convoluted. Any of these facies may have 
oscillation ripples or bioturbation along the tops. 

6.3.2 Interpretation of Key Facies

These facies represent event bed facies. The top down bioturbation is a characteristic 

represent waning deposits, whereas the inverse graded beds indicate waxing deposits. 

these as “I” turbidites since their generation is related to sediment failure within the basin 

 The larger normally graded beds could comprise coarser versions of Bouma’s 



Figure 6.5: Graded facies: a) small normally graded beds/lamina with sharp bases 
representing Bouma Sequences (arrows) from MC2, b) larger scale bed with a sharp base and 
normal grading, and increase in organics upwards, from MC5, and c) inversely graded beds 
representing hyperpycnite deposition from well MC5. Scale represents three centimeters.



sandstone, especially where bedding remains at a consistent low angle throughout. Similar 

hyperpycnal turbidity currents, in which coarsening and bed lamina thickening are formed 

discharge, which is an extrabasinal derivation. In this paper, the term turbidite will be used 
for description of the thin normally graded facies, the larger normally graded facies will 
be discussed within their inherent facies association, and facies begin with inverse graded 
beds will be referred to as hyperpycnites.

6.4 FACIES ASSOCIATIONS

the cutoff between proximal and distal delta front successions. The “S” facies associations 

is cross-bedded sandstone, “Sl” is low angle to horizontal bedded sandstone, “Sg” is 
graded or aggradational facies, and “Sm” is massive sandstone. Facies association “H” 
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6.4.1 Facies Association Sx

6.4.1.1 Description of Facies Association Sx1a

form of Ophiomorpha, but the top few centimeters may be heavily bioturbated including 
Diplocraterion or Asterosoma

6.4.1.2 Interpretation of Facies Association Sx1a

Ophiomorpha and Diplocraterion
is interpreted to be the result of overprinting by the overlying change to more favorable 

Asterosoma appears to be ripped up at the base of a thin cross-bedded sandstone at the top, 

lithologic heterogeneity, or may be the result of cryptic bioturbation. Cryptic bioturbation 
from the Ferron Sandstone, and cryptic bioturbation associated with high angle cross-beds, 
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6.4.1.3 Description of Facies Association Sx1b

troughs, and rare ripples. Rare localized organics are present along bedding or in mud 

Ophiomorpha
Skolithos and organic-lined Palaeophycus tubularis. FA 

6.4.1.4 Interpretation of Facies Association Sx1b

have similar facies, and represent similar stressed high-energy conditions with bioturbation 

While a sharp bedded, clean cross-bedded sandstone could indicate a rip-current channel 

makes this seem a more unlikely interpretation.

6.4.1.5 Description of Facies Association Sx2

base may contain a decimeter bed of sandy mudstone to muddy sandstone, with abundant 
Planolites and Thalassinoides burrows, some organic-lined Palaeophycus heberti 

Teredolites, and 
Ophiomorpha. Thick-walled vertical Ophiomorpha



Planolites and Thalassinoides
throughout. Some small organic clasts, and elongate grey mudstone clasts occur along 

with Ophiomorpha, unlined Skolithos, organic-lined Palaeophycus heberti, up to large 
Chondrites and Teichichnus, with some Schaubcylindrichnus freyi , small Chondrites, 
Ophiomorpha irregulaire, Planolites, and Thalassinoides

6.4.1.6 Interpretation of Facies Association Sx2

high energy stressed conditions, with an overprinting of bioturbation over the top of 

Ophiomorpha and Skolithos
is not present within the other two previously described associations. The appearance of 
similar vertical Ophiomorpha

facies consistent with the Archetypal Skolithos
The muddy sandstone to sandy mudstone facies show low diversity, but high abundance 
representing a depauperate expression of the Cruziana

of Siphonichnus 
prevent the Siphonichnus
higher energy or more stressed conditions than described in Chapter 4. The change in 
organic content is probably due to the facies association in Chapter 4’s eroded organic-rich 



river-dominated mouthbars that become reworked by the tidal channel that initiate during 

6.4.2 Facies Association Sl

6.4.2.1 Description of Facies Association Sl1a
 

Ophiomorpha in the top few cm of the facies association. Shell debris, possibly of thin to 
medium thickness Crassostrea, 

may be calcareous or spotty calcareous. This facies association is only developed in the 

6.4.2.2 Interpretation of Facies Association Sl1a

river distributary channel. The domination by low angle bedding suggests persistence 



Planolites
with ?Skolithos



modern Mississippi River similarly have sharp bases, organic debris, but typically lack the 
brackish fauna such as Crassostrea Crassostrea are clasts 

abandonment intervals. The calcareous cements are likely related to dissolution of the 

show some degree of interbedding with mudstone, and this facies association doesn’t. 
Additionally, this facies association looks visually similar to some tidal channel facies 
association. However there are no high angle cross-beds, nor inherent bioturbation. Ryer 

this may be the case here. The rarity of bioturbation is noted in distributary channels in 

over the brackish distal delta front deposits in MC5 supports this interpretation of a river-
dominated distributary channel, but occurrence over lower shoreface shows a rapid shift in 

6.4.2.3 Description of Facies Association Sl1b

6.4.2.4 Interpretation of Facies Association Sl1b



could be part of a similar levee succession of increase in current conditions upward as 

into current related low angle beds and convolution. However, a thin occurrence of clast-

conditions such as wave reworking, and are encased in delta front deposits. 

6.4.2.5 Description of Facies Association Sl1c

gradational, and tops are sharp or bioturbated. Bioturbation outside of cryptic bioturbation 
is rare. Ophiomorpha and organic-lined Palaeophycus tubularis may be present, but 
normally only along the tops of beds. BI is typically less than one, but ?Skolithos can 

?Skolithos is 
distinctive due to the persistent, but inconsistent, organic lining. Similar organic lining 

Alitta virens
often become concentrated along the mucus-coated walls of the burrows creating both 
Skolithos-like and Palaeophycus

Palaeophycus heberti is rare. Mudstones rarely display bioturbation in the form of 
Planolites and Thalassinoides, and may contain some small syneresis cracks. Hummocks 



additional traces of Chondrites, Teichichnus, Teredolites and Scolicia. Conversely, the upper 

6.4.2.6 Interpretation of Facies Association Sl1c

carnivores and suspension feeders (?Skolithos, Ophiomorpha, and possibly Palaeophycus 
tubularis Palaeophycus heberti
Planolites and Thalassinoides

environment. Archetypal Skolithos is often associated with wave-dominated delta front 

of the Ferron Sandstone. Interpretation of this facies as a brackish river-dominated delta 

at the top of the facies by higher abundance bioturbation in the top few centimeters with 
thick-walled Ophiomorpha

facies. 

6.4.2.7 Description of Facies Association Sl2a

overlying mudstone. Tops can be sharp or bioturbated. Facies are dominantly low angle 



typically increase in proportion upward, whereas oscillation ripples generally decrease. 

be clean, or disrupted by abundant burrowing. Typically, the bioturbation index for this 

lessens overall upwards. Heavy bioturbation is often by Palaeophycus heberti, with some 
thin-walled Ophiomorpha, and thin-walled, organic-lined Palaeophycus tubularis 

P. tubularis
groups of P. tubularis or Diplocraterion may be present at the top of this facies association 

Ophiomorpha 

Skolithos, or fugichnia can locally be common. Thalassinoides is extremely rare, 

6.4.2.8 Interpretation of Facies Association Sl2a

dominated proximal delta front deposits. The low angle bedded sandstone and oscillation 
rippled sandstone suggest alternations of high energy and low energy conditions. The 

structures. The destruction of the sedimentary structures in these massive facies is probably 
also the result of cryptic bioturbation. Cryptic bioturbation is typically found in high-

and inclined Ophiomorpha orientation has been linked with higher energy marginal marine 
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Palaeophycus
Skolithos

Skolithos
Archetypal Skolithos. The interrelationship with middle shoreface and distal distributary 
facies associations, as well as presence over more distal delta front facies associations 
supports the interpretation of proximal delta front deposits.

6.4.2.9 Description of Facies Association Sl2b

have a few organic drapes. Basal contacts are sharp with mudstone clasts often present in 
the basal few centimeters, and sometime present individually along bedding. Mudstone 

content. The facies may appear massive in clean sandstone. Top can grade into organic 

from the top of the sets down with organic-lined Palaeophycus tubularis or Ophiomorpha. 
Palaeophycus heberti Skolithos and 

6.4.2.10 Interpretation of Facies Association Sl2b

little to no bioturbation and more rounded clasts are directly related to river-dominated 



Ophiomorpha Palaeophycus heberti Palaeophycus tubularis Skolithos 

limited clasts along the sharp base. 



conditions, which is further evidenced by their close relationship with the aggradational 
deposits of FA Sg. 

a smaller scale for interpretation, which results in a slightly different subdivision. This 

casts, containing mud-chip clay clasts and organic matter. While the cross-strata is not high-

to a complex interrelationship between the proximal delta front deposits of lobate deltaics 

pattern of bioturbation and silting at the top of the sharp based often clast-bearing cycles, 

clasts are representative of river deposition by a terminal distributary, rapidly followed by 
wave reworking deposition and bioturbation, or whether these cycle represent the irregular 

represents both wave and river processes in forming these cycles, the river input is needed 

While both the wave-reworked and river-dominated variations of this facies are 
comparable to the Archetypal Skolithos, the river-dominated version is impoverished 
suggesting high stress or low preservational potential, whereas the wave-reworked is 



Ophiomorpha are more rarely vertical.

6.4.3 Facies Association Sg

6.4.3.1 Description of Facies Association Sg

sometimes larger debris may be present in top, may have erosional low angle bedded white 

Aggradational oscillation and climbing rippled may be present in the lower portion. The 
base is typically gradational, and the top is usually a bioturbated contact. Bioturbation 

Ophiomorpha
Palaeophycus heberti

6.4.3.2 Interpretation of Facies Association Sg

likely of the distal portion. Aggradational bedforms are characteristic of the areas with high 

association, however preservation potential would be greater in the distal portion of the 



from MC4 containing Teredolites

of Palaeophycus heberti Planolites
Ophiomorpha

Palaeophycus heberti and rarely Skolithos 



delta front where there is more accommodation and less wave reworking. Aggradational 

Palaeophycus heberti beds with rare top down diminutive vertical Ophiomorpha suggest 
Palaeophycus rather 

Association Sg is comparable to the Archetypal Skolithos Ichnofacies. FA Sg is similar to 

of the event bed, however FA Sg is topping hyperpycnite events, with smaller intervals 
of heavy bioturbation, and Palaeophycus heberti is dominant instead of Palaeophycus 
tubularis. The complex spatial interpretation is indicated by the great variety of Facies 
Associations that FA Sg overlies and underlies, from interrelationships with proximal 
delta front facies to those of the lower shoreface/offshore transition. It is likely that FA Sg 

levee. 

6.4.4 Facies Association Sm

6.4.4.1 Description of Facies Association Sm2a

the core, partially due to cryptic bioturbation. Mudstone clasts are rare. The bottom contact 
is sharply bioturbated, whereas the top contact is sharp. Bioturbation intensity varies from 

groupings of organic-lined Palaeophycus tubularis and Ophiomorpha burrows, cryptic 
bioturbation, and Palaeophycus heberti burrows. Some small, vertical Ophiomorpha may 
be present, as well as unlined Skolithos, possible Phoebichnus, rare Arenicolites and rare 
Schaubcylindrichnus



abundant Ophiomorpha Palaeophycus heberti Skolithos
groupings of organic-lined Palaeophycus tubularis and Ophiomorpha Arenicolites

Ophiomorpha, 
Palaeophycus heberti, and Skolithos, with some Schaubcylindrichnus Schaubcylindrichnus freyi 
Phycosiphon Chondrites Scolicia Teichichnus
Chondrites, Asterosoma Schuabcylindrichnus freyi, and Ophiomorpha

Teichichnus, Schaubcylindrichnus, 
Schaubcylindrichnus freyi, Ophiomorpha, Palaeophycus tubularis Asterosoma
Zoophycos



6.4.4.2 Interpretation of Facies Association Sm2a

this association comprises a Mixed Skolithos-Cruziana Ichnofacies that is often associated 

of a low diversity Mixed Skolithos-Cruziana is that this assemblage is comparable to a high 
Skolithos

the previously described of associations that are comparable to Archetypal Skolithos in that 
Schaubcylindrichnus, 

and conspicuous large groupings of organic-lined burrows.  

6.4.4.3 Description of Facies Association Sm2b

massive facies. The thickness of clean low angle bedded sandstones increases upwards, 
whereas the presence of organic material along lamina and oscillation ripples decrease. 
The base is sharply bioturbated, and the top is sharp. Bioturbation intensity is dominantly 

Palaeophycus 
tubularis, Palaeophycus heberti, Ophiomorpha, unlined Skolithos
the Ophiomorpha are vertical. Some thickly line Schaubcylindrichnus freyi, Chondrites, 
and possibly some Phoebichnus are present. This facies association is only present in the 

6.4.4.4 Interpretation of Facies Association Sm2b



Skolithos-Cruziana Ichnofacies appears spot on. 
Bioturbation is more persistent, the sandstone is siltier, there is increase in the abundance 
of Schaubcylindrichnus, and the noticeable appearance of Chondrites. The lower shoreface 

overlies, and always fairly rapidly transitions upward into middle-distal delta front facies.

6.4.4.5 Description of Facies Association Sm3a

inversely graded facies. Tops are often cut by a several centimeter sand of the overlying 
association, which can be heavily bioturbated. The sandstone is typically bioturbated by 
Palaeophycus heberti, organic-lined Palaeophycus tubularis, unlined Skolithos, small 
Chondrites, Ophiomorpha, and Teichichnus. There is also some Scolicia, Planolites, 
Schaubcylindrichnus freyi, big Chondrites, Ophiomorpha irregulaire, Helminthopsis, and 
Phycosiphon (basinward). Rhizocorallium, Schaubcylindrichnus, fugichnia, Zoophycos, 
and Teredolites 

6.4.4.6 Interpretation of Facies Association Sm3a

abundance, high diversity assemblage is comparable to the Proximal Cruziana Ichnofacies 

tiering overlap with an abundance of Teichichnus, notable appearance of Helminthopsis 
and Phycosiphon, while Zoophycos is rare. Scolicia is occasionally present in this facies 
association, which is adverse to the model, in which Scolicia is a more distal behavior. 
Proximal Cruziana expressions in Cretaceous muddy sandstone are often associated with 



6.4.4.7 Description of Facies Association Sm3b

often increase proportionally upwards. Rarely hyperpycnites are topped with low angle 
hummocks. This facies association generally sandies upwards. Common burrows are 
Ophiomorpha O. irregulaire Palaeophycus tubularis, 
small and large Chondrites, Thalassinoides, and Planolites. Some Palaeophycus heberti 
are present. Skolithos and Teredolites are rare. Phycosiphon and Helminthopsis are present 
in the lower part of the association. Schaubcylindrichnus, Schaubcylindrichnus freyi, 
Zoophycos, and Asterosoma

6.4.4.8 Interpretation of Facies Association Sm3b

occurrence of hyperpycnites suggests a relationship with deltaics, and rare hummocks 
suggest these deposits are within storm wave base. However the dominance by massive 
facies indicate favorable conditions for bioturbation. The diversity and abundance in 

increase in the proportion of Zoophycos and Asterosoma are comparable to the Archetypal 
expression of Cruziana 

of coarser sediment further basinward.   

6.4.5 Facies Association Ha

6.4.5.1 Description of Facies Association Ha1



Palaeophycus heberti
with rare appearances of Planolites Ophiomorpha Chondrites Thalassinoides

and Skolithos
Ophiomorpha, fugichnia, some Chondrites, Palaeophycus tubularis Siphonichnus

Skolithos, Schaubcylindichnus Palaeophycus tubularis
Teichichnus  Scolicia

Asterosoma Schaubcylindrichnus freyi Teredolites



Sandstone beds normally have sharp tops, but some grade into tiny climbing ripple lamina. 
Some organic drapes can be seen along oscillation ripples, Mudstone contains normally 
graded sand or silt lamina, lenticular lamina, or lenticular bedding. Mudstone is sparsely 

Planolites Chondrites Skolithos 
and Thalassinoides. Sandstones may contain fugichnia, and rare thin walled Ophiomorpha, 

Palaeophycus 
heberti. In rare cases, top may have Diplocraterion

6.4.5.2 Interpretation of Facies Association Ha1

Skolithos

the notable appearance of deposit feeders, Chondrites
Palaeophycus heberti

6.4.5.3 Description of Facies Association Ha2

tops of beds may show some wave reworking. Mudstones may have graded climbing ripple 
lenses, lenticular bedding, and some syneresis cracks. Sandstones may have oscillation 
ripples, aggradational oscillation ripples, or low angle bedding. Some load structures may 

Shell debris may be present. Sandstone beds contain thicker intervals of low angle 
bedding upwards. Contacts may be gradational or sharp. Traces are generally diminutive 

Palaeophycus and Ophiomorpha Thalassinoides. The 
Ophiomorpha has thin to medium thick walls. Palaeophycus tubularis is organic-lined but 



rarely groups together. Bioturbation decreases upwards in both abundance and interval 
thickness. Bioturbation is rare in the mudstone, with some clean Planolites, Thalassinoides, 
and Arenicolites. Sandstones can have small intervals of abundant bioturbation, much of 
which is cryptic bioturbation. Some Skolithos

Siphonichnus and collapsed burrows are more rarely 

6.4.5.4 Interpretation of Facies Association Ha2

oscillation ripples, and low angle bedding; whereas the aggradational structures, loading, 
and syneresis cracks are indicative of river input. This assemblage is comparable to the 

Skolithos
diversity from the Archetypal examples including facies crossing form Siphonichnus. 

6.4.5.5 Description of Facies Association Ha3

contact is scoured with a clean heavily bioturbated sandstone. Top of association is 

sharp based clean massive to rippled sandstones, to mud/organic mud draped aggradational 

Planolites, 
Palaeophycus heberti, Palaeophycus tubularis
unlined and lined Skolithos, Teredolites, Ophiomorpha, Chondrites, Schaubcylindrichnus 



freyi. Chondrites
is Teichichnus, and the lower portions may have Scolicia and Helminthopsis. Arenicolites 
is rare. Schaubcylindrichnus

6.4.5.6 Interpretation of Facies Association Ha3

Skolithos and those of heavily bioturbated distal lower shoreface 
Cruziana. This represents another example of a 

mixed Skolithos-Cruziana Ichnofacies expression. 

6.4.6 Facies Association Hb

6.4.6.1 Description of Facies Association Hb1

Palaeophycus 
tubularis, Helminthopsis, Chondrites, Planolites, and Thalassinoides. Sandstones may also 
have fugichnia and some Palaeophycus heberti. Schaubcylindrichnus freyi and Scolicia 

6.4.6.2 Interpretation of Facies Association Hb1

deposits in a brackish bay. This highly stressed environment is suggested by Bhattacharya 

6.4.6.3 Description of Facies Association Hb2

Sandstone content typically increases upwards, where as thickness of heavily bioturbated 
beds typically decreases. Mudstone is often silty and is dominantly composed of graded 



Chondrites Scolicia Zoophycos Palaophycus 
tubularis Schaubcylindrichnus freyi

and more robust traces of Ophiomorpha Chondrites, Scolicia, Planolites
Thalassinoides Schaubcylindrichnus Schaubcylindichnus freyi

with intervening heavy bioturbation by Chondrites, Teichichnus Asterosoma Ophiomorpha, 
Planolites Phycosiphon



beds and lamina. The sand lamina have sharp bases and dominantly show normal grading. 
White sandstone interbeds and lamina where not thoroughly burrowed have sharp 

Chondrites are a conspicuous feature of this 
facies association, as well as Planolites and Thalassinoides. Top of each sandying up cycle 
sharply terminate by heavy bio. Palaeophycus heberti and Ophiomorpha may dominate 
the sandstone beds. Additionally sandstone beds have blurred or disappearing sedimentary 

6.4.6.4 Interpretation of Facies Association Hb2
 

Cruziana expression, which is probably correct. This differs from 
the previously described Archetypal Cruziana facies association in this study due to the 

Phycosiphon and Helminthopsis
Asterosoma and Zoophycos

Scolicia

6.4.6.5 Description of Facies Association Hb3

mudstones are interbedded with inversely graded lamina/beds of mudstone to sandstone 

may become more massive upwards, and/or show convolution due to loading. In the 
lower portion to middle these facies may display aggradational oscillation ripples. Some 

facies association. Both of these graded facies are sparsely burrowed, typically showing 

lithological contrast, as the unit sandies upwards. Some mud drapes and organic mud 



drapes are present. Chondrites Planolites, Thalassinoides, are abundant, 
with some Helminthopsis, Phycosiphon, Teichichnus, Scolicia, Palaeophycus
and Schaubcylindrichnus freyi. Schaubcylindrichnus, Palaeophycus
Arenicolites, and Skolithos are rare. Siphonichnus
Phycosiphon and Asterosoma

6.4.6.6 Interpretation of Facies Association Hb3

lithologies and trace assemblages comparable to the archetypal expressions of the Cruziana 
Ichnofacies. Conversely, the hyperpynite event beds suggest at least some deposition is 
reliant on deltaic input. 

6.5 DISCUSSION

6.5.1 Ferron Assemblages versus Deltaic Ichnofacies Model

The purpose of this section is to compare the facies associations with the Upper 

under four generalized categories: channel/mouthbar, proximal delta front, distal delta 
front, and prodelta. Channel and mouthbar are lumped together due to their intergradational 
nature. The four wave-dominated facies associations of Sm will not be addressed, even 

6.5.1.1 Channel/ Mouthbar
 Five facies associations in this study are interpreted as channel or mouthbar 
deposits. Much of the bioturbation is related to the transgressive overprinting by deep-tiered 

Ophiomorpha

Sandstone and Kenilworth Member in terms of the assemblage’s dominant component 
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being Ophiomorpha
and the dominance by high angle cross-beds is less suggestive of storm/wave energy. The 
presence of Asterosoma near the top of this association is an allocthonous component, likely 
related to a thin high-energy transgressive erosion/deposition. Reworked Asterosoma and 
Rosselia are seen in distributary channel deposits of both the river-dominated and storm-

get lumped in with proximal deltaic facies. 

different from the river-dominated channel/mouthbar association and most of the case 

much greater. The river-dominated mouthbar example of the Panther Tongue is the closest, 

important trace in the more wave/storm dominated assemblage. Conversely, in this study 
both ichnotaxa of Palaeophycus are the dominant representatives. 

facies associations in that they are often overprinted at the top by more diverse traces, 
and to the wave reworked facies association in showing greater abundance than typically 
seen in river-dominated assemblages. The burrows along “pause planes” of MacEachern 

Planolites in distributary assemblages, whereas the tidal channel 
Thalassinoides. The Ophiomorpha initiating in/from the 

tidal channel are also very robust in comparison to Ophiomorpha that are not linked to 
transgressive overprinting. 
 
6.5.1.2 Proximal Delta Front
 
mouthbar assemblages with the main components being related to the Archetypal Skolithos 

Skolithos Diplocraterion, and both Palaeophycus
slightly higher, and these ichnogenera are inherent of the depositional environment rather 
than overprinting related to the top of the facies association. Additionally, Thalassinoides 
becomes more representative in mudstones as the proportion of mudstone has increased. 

Teichichnus, Chondrites, Scolicia and Diplocraterion. 

associations is the slightly greater abundance and consistency of bioturbation.
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assemblages of ichnotaxa are similar with little being represented in terms of deposit feeding 
and grazing behaviors, and in typical abundance values. Conversely, in this study there 
is no indication of Arenicolites, Cylindrichnus, or Rosselia being common components 
of the Ferron Sandstone proximal delta front. This could be an ethological difference 

Skolithos and Arenicolites; how much lining between Skolithos and Cylindrichnus
Cylindrichnus and Rosselia

Additionally, much like the channel/mouthbar case studies, there is a lack of representation 
in the case studies, relative to the importance of the Palaeophycus ichnogenera seen in 
the trace assemblages of the facies associations. A notable difference between the river-
dominated and more wave/storm dominated proximal delta front assemblages, is the 
occurrence of Macaronichnus and roots as you trend towards the basinal processes. This 
is important to the later discussion of the transgressive overprinting of proximal facies. 
Macaronichnus were not observed in the study interval, but Macaronichnus is hard to 

The interpretation of ichnofacies in this paper is vastly different from most of the 
Skolithos, mixed Skolithos-Cruziana, and Proximal Cruziana 

comparable to Archetypal Skolithos. The case studies have similar trace assemblages, and 
similarly lack indications of infaunal deposit feeding and grazing, which was the main 
reasoning for not interpreting a comparable distal or Cruziana expressions for the facies 
association. These components may however overprint the top of the facies associations 
during transgression. 

6.5.1.3 Distal Delta Front
 
bioturbation abundance values to the more proximal facies associations with pause planes 

distal Palaeophycus tubularis becomes less abundant to absent, and Chondrites becomes 
noticeable. In the wave reworked delta front associations. Schaubcylindrichnus and 
Siphonichnus appear. These facies associations are comparable to the Skolithos Ichnofacies 

case studies of which a Cruziana
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for FA Sg. The case studies likely use a more distal expression of facies than used in this 
study. The standardization of what constitutes “distal delta front” versus “prodelta”, and 
that of distal delta front trace assemblages will probably persist as a problem in literature 
for the foreseeable future because lithological cutoffs are hard to establish, especially 

exceptions to the simple models of proximity to source deposition.

6.5.1.4 Prodelta
The prodeltaic facies association show much larger diversity than the distal delta front 

facies associations with the appearance of traces such as Teichichnus, Schaubcylindrichnus 
freyi, Asterosoma, Helminthopsis, Zoophycos and Scolicia. The prodeltaic facies 
associations in this study are divided into proximal prodeltaic versus distal prodeltaic/

only one comparable to the Archetypal Cruziana

the storm/wave-dominated case studies, but the low abundance bioturbation of the storm/

expressions of Cruziana
from the other two due to the low bioturbation abundance values and the diminutive size 
of the burrows. This depauperate expression comparable to Cruziana is most like the river-

more similar to the river-dominated end of the spectrum in terms of trace assemblage, but 
more similar to the wave/storm end of the spectrum in terms of bioturbation abundance 

Cruziana Ichnofacies. The 
Skolithos-Cruziana 

assemblage with higher diversity and abundance than its river-dominated counterparts. 
This is comparable to the prodeltaics, but perhaps more comparable to the distal delta front 
deposits of the wave-dominated Wilcox Formation. 
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6.5.2 The Scolicia Problem

 In addition to the under representation of Palaeophycus in delta front assemblages, 
Scolicia is an important component to the distal delta facies from distal delta front basinward.  

Cruziana in this 

Scolicia
Taenidium in Proximal and Archetypal expressions of Cruziana

Tongue and Belly River Formation as Taenidium, and as Scolicia and Taenidium in the 
distal delta front and prodelta deposits of the storm-dominated Wilcox Formation. Scolicia 

Scolicia

Bichordites of the interpreted stressed prodeltaic 

Scolicia and Bichordites are 

result in the ichnotaxa being attributed to a simpler meniscate form. Echinoderm-produced 
Scolicia

Moira atropos and Echinocardium

with these traces in the rock record with more distal ichnofacies is likely related to the 

burrowing mechanism, heterogeneous sediment, and since they are shallow-tiered 





association with the proximal and archetypal expressions of Cruziana in distal deltaic setting 
could be related to stresses limiting bioturbation abundance, limited colonization periods 

Also, heterogeneity is typically greater in the delta front/proximal prodelta than it is in the 

shallow-tiered traces, or there may be an ethological reason such as deltaic transport of 
Echinocardium

growth of the organisms, and decreases in abundance are linked to increased wave activity, 

Additionally, the food resource paradigms between shorefaces and deltas are different 

nutrients, whether organic detritus or calcareous marine life. 

6.5.3 Stratigraphic Boundaries and Lateral Relationships

6.5.3.1 Parasequence Boundaries and Associated Transgressive Erosion

overprinting of Ophiomorpha
increase in the abundance of bioturbation at the top of these proximal sandstone facies 

sans Ophiomorpha



with mouthbar and hypopycnal distribution typically and potential hyperpycnal distribution 

The shoreface paradigm applies more to marine organics, where as the deltaic paradigms 
involve terrestrial organics.





Diplocraterion Di
with distending robust Ophiomorpha Op

Asterosoma As
in the base as well as distending Diplocraterion and Ophiomorpha



Diplocraterion are much more prevalent under the basal 

above, which may suggest a link between the Diplocraterion presence and larger landward 
shifts. 
 The deposits related to transgressive erosion are limited to a thin cross-bedded unit 
with ripped up Asterosoma
above inner mouthbar deposits, which may suggest reworking of the outer mouthbar 
landward into the channels low topography, or initiation of a small inlet upon abandonment. 

 What can be taken away from this is the importance of recognizing inherent 
bioturbation in an ichnofacies versus deep-tiered overprinting of proximal distributary 

Especially in cases like river deltas where the tops may be cannibalized by tidal channels 

seen in the proximal deltaic trace assemblages of wave/storm dominated Upper Cretaceous 
units, which dominantly display Macaronichnus

6.5.3.2 Transition Between Wave-Dominated to River-Dominated Units
 The surfaces at the base of wave-dominated, shoreface-related, facies associations 
is marked by a rapid transition to heavily bioturbated sandstone, whether it be the middle 

offshore. This could be due to the fall below fair-weather wave base, or could be related to 

above these boundaries. While it does represent a shift to wave-dominated conditions, it 

conditions diminished or temporarily abandoned from this direction. 





a possible genetic connection between the channel and the underlying distal delta front.



 The transition from the top of the wave-dominated lower shoreface units into delta 
front units often have a sharp contact with long, small diameter Skolithos distending from 

bioturbation by rapid burial. The other erosive surface seen is the sharp contact where the 

6.6 CONCLUSIONS

 The trace assemblages of deltaic deposits in the Ferron Sandstone differs from 
other previously described trace assemblages in Upper Cretaceous deltaic deposits in 

Palaeophycus Scolicia
assemblages. Palaeophycus heberti and organic-lined Palaeophycus tubularis often occur 

Scolicia is a common component of the prodeltaic settings, 
which display expressions of proximal to archetypal Cruziana, which are more landward 
expressions than Scolicia is typically associated with. The presence of Scolicia in more 

related factors. Alternatively, it could be related to the food resource paradigm in deltaic 
systems. The expression of Skolithos Ichnofacies with Ophiomorpha and/or Diplocraterion 

dominantly to be related to the transgressive overprinting of deeper tiered burrows on the 
palimpsest deltaic facies, rather than colonizers of those freshwater laden environments. 
In regards to facies distribution, the wave-dominated shoreface facies associations are 
deposited at a much shallower angle than the river-dominated deposits.  
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CHAPTER 7: SUMMARY AND CONCLUSIONS

The studies in this dissertation provide new information on the Ferron Sandstone, ichnology, 
and clastic sedimentology in three main areas: ichnotaxonomy, trace assemblages and their 
preservation, and trace assemblage overlap at stratigraphic surfaces.

7.1 ICHNOTAXONOMIC CONTRIBUTION

Beaconites, Helminthoidichnites, and Altichnus
Amblydactylus, Iguanodontipus burreyi, Characichnos, and Chelonipus

and unnamed traces of mollusk plowing behaviors, theropod tracks, and possible wading 

of Altichnus

differences are also noted in the Chelonipus described, in which posterior pushups appear to 

represent the swimming behavior that has been typically associated with the taxonomic 
descriptions of Chelonipus. 
 

7.2 TRACE ASSEMBLAGE RECOGNITION

Chelonipus
Beaconites

Thalassinoides Chelonipus only occurs in channel deposits of the 
Ferron Sandstone, which is consistent with previous occurrences in the Cretaceous. The 
trace assemblage for the channel may contain Mermia-like surface traces, Characichnos, 
Chelonipus, and Rhizocorallium. The latter two have never been reported in association 

locations globally. These trace assemblages are probably more abundant than previously 

preservation often resembling physically-derived sedimentary structures. 
 The assemblage of Beaconites, Iguanodontipus burreyi, Amblydactylus, and roots 

Beaconites can be dominant locally in these interdistributary 



as the vertebrate tracks. This leads to a bias toward the preservation of the larger tracks 
Iguanodontipus burreyi

seen in the Beaconites  with high abundance of invertebrate traces. 
Conversely, the high abundance traces are Thalassinoides and Planolites with minor 
Ophiomorpha. Siphonichnus or Psilonichnus may be present locally. Vertebrate tracks 
are typically Amblydactylus, but may include Iguanodontipus, small-medium theropod 
tracks, and possibly tracks of wading shorebirds. Much like the Beaconites assemblage, the 

or rapid burial. Although, the burrows in the Thalassinoides assemblage often provide the 

initially preserve the vertebrate tracks.  
 The deltaic trace assemblages in this study are comparable to previous works on 
ichnology of Cretaceous deltaic deposits. However, there are two notable differences in 
the Ferron Sandstone of the inherent ichnotaxa to these assemblages. First, Palaeophycus 

high abundance of organic-lined P. tubularis or P. heberti. Palaeophycus heberti, might 

Scolicia
parts of the prodelta with assemblages comparable to the expressions of the proximal and 
archetypal Cruziana
be noted from the distal delta front or prodelta deposits from the Cretaceous, but often 
these diminutive traces are not given much credence in their importance to the ichnofacies 
models for these settings. Additionally, there may be a difference in the expression of 
ichnotaxa in deltaic settings, as compared to the more distal ichnofacies associations of the 
shoreface. The association of the diminutive Scolicia with the more proximal expressions 
of the Cruziana



7.3 ROLE OF ASSEMBLAGE OVERLAP AT STRATIGRAPHIC SURFACES

 While trace assemblages are greatly similar between the Ferron Sandstone and 
other Cretaceous deltaic deposits, there are not often attempts to separate the overprint 
assemblage from that of the inherent trace assemblage of these depositional environments. 
In the Ferron Sandstone, assemblage mixing manifests itself along stratigraphic surfaces in 

 Allochthonous clasts are seen in regressive deposits in the form of Teredolites 

with a freshwater trace assemblage. In transgressive deposits, these are present in the 
form of ripped up Asterosoma along the base of a thin transgressive sandstone. This thin 
transgressive sandstone may erroneously be included with the similarly cross-bedded 
distributary mouthbar deposits that lie directly underneath.

preservation of vertebrate tracks most notably as molds in the Ferron Sandstone. The small 

them. However, the content of the ichnotaxa often varies according to environmental 

transgressive erosional surfaces in the Ferron Sandstone, the overprinting transgressive 
assemblage is always accompanied by robust, vertical to inclined Ophiomorpha. This 

previously resulted in misinterpretation and hiding the presence of the nearshore complex 

might be regarded as part of the trace assemblage because terminal portions of the 
distributary will likely always be transgressed, and hence have the overprinting assemblage 
present. Conversely, understanding the initiation of these traces, whether overprinting 
or inherent, appears, to be a vital component in deciphering distributary complex facies 
from those of the transgressive tidal channels, at least from what is observed in the Ferron 
Sandstone.  
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