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3b. Outcrop results: Ichnofacies
• Most ichnofossils in the upper Woodbine are associated
with the Skolithos and Cruziana ichnofacies.
• High-energy, intertidal to offshore marine environments
• Skolithos, Rosselia, Thalassinoides, Ophiomorpha,
Arenicolites, Rusophycus, and Conichnus/Bergaueria.
• Traces from the Psilonichnus ichnofacies are found in the
vicinity of Lake Grapevine.
• Sandy backshore, dunes, or supratidal flat
environments.
• Psilonichnus in crab sand-ball deposits, vertebrate
tracks, and rhizoliths (root traces).

mixed sand and mud tidal flats, and IHS lateral accretion beds
of tidally modified channels (cf. MacEachern et al. this volume).
Sediment textures and bedding styles exhibit considerable

Rusophycus (lobster)

Pickerill 1992; Goldring 1993; MacNaughton and Pickerill 1995;
analysis, and its adherence to Walther’s Law.
TheSedimentologists
archetypal Skolithos
Ichnofacies is indicative of
Savrda 1995; Bromley 1996). Some workers have argued that if

and stratigraphers can readily apply trace fossil
datasetshigh
within
Fig. 5 – Schematic block diagram of the Skolithos Ichnofacies. Traces include
THE PSILONICHNUS ICHNOFACIES
relatively
levels
of wave
or currentofenergy,
and
employed
independently
lithofacies,
the utility of ichnofacies
an ichnofacies construct to their evaluations of the rock record,
(Ar), Bergaueria (Be), Conichnus (Co), Cylindrichnus (Cy), Diplocraterion
typically
is
developed
in
slightly
muddy
to
clean,
Archetypal Psilonichnus
Ichnofaciesclearly indicated by the plethora of publications may lead to limited resolution, and mayArenicolites
yield grossly overa situation
habichi (Dh), Diplocraterion parallelum (Dp), fugichnia (fu), Gyrolithes (Gy),
moderately
to
well-sorted,
loose
or
shifting
particulate
generalized
results
(Savrda
1991a,
1995;
Goldring
1993).
addressing
ichnological
features,
including
trace
fossil
suites,
The Psilonichnus Ichnofacies is indicative of settings characterized
Macaronichnus (M), Ophiomorpha (O), Palaeophycus tubularis (Pt), Rhizocorallium
Certainly,
any interpretation
thatAbrupt
ignores the complete dataset
(sand-prone)
substrates
in marine
environments.
bioturbation
intensities,
and
The close
by extreme variations in energy conditions,
marked
variations
in tiering relationships.
(Rh), Rosselia (Ro), Schaubcylindrichnus (Sc), and Skolithos (Sk).
is
to inaccuracy
or imprecision.
Properly done, however,
changes
in the rates
ofprone
deposition,
erosion,
and physical
ties
of oscillatory
ichnofacies processes,
with lithofacies are further
highlighted
by
sediment calibre, mixtures of current
and
ichnofacies
analysis is
fully integrated
with the sedimentology,
the
advent
of
genetic
stratigraphic
frameworks.
Marine
and
reworking
of
sediments
are
common.
Increasing
energy
periodic subaerial exposure, variations in salinity, and periodic
paleontology,
and
stratigraphy
of the
emerges
as
Skolithos
Ichnofacies ordinarily grades landward into
discontinuitiesFig.
are3 –commonly
demarcated
levels block
enhance
physical
reworking,
thus
obliterating
thesuccession,
biogenic andThe
Schematic
diagram
of the
Psilonichnus
Ichnofacies
developed
influx of freshwater via precipitationmarginal
(Frey andmarine
Pemberton
1987).
a powerful
tool
for high-resolution
reconstruction of depositional
supratidal or terrestrial zones and seaward into the Cruziana
by substrate-controlled suites. Early
documentation
of this
in
a
coastal
dune
back-barrier
setting.
Traces
include
Aulichnites
(Au),
structures
and
preserving
physical
sedimentary
structures.
Such
Marine conditions generally predominate
during spring tides
environments
(e.g.,
Seilacher 1955; Lessertisseur
1955;
relationship (Vossler and Pemberton,
1988;
MacEachern
et
Ichnofacies.
The landward boundary tends to be more abrupt
Lockeia (Lo),
Macanopsis
(M),
Planolites
(P), Protovirgularia
(Pr), Psilonichnus
conditions
commonly
occur
on
theCrimes
shoreface
and during storms. Eolian processesal.are
more
common
toward
Osgood
1970;
1970;and
Freyforeshore,
1970; Frey but
and Howard 1970;
1990;
1991a,b;
Savrda
1991a) quickly led to interest in the

MacEachern et al., 2007

(Ps), and rhizoliths (R).
than the latter. With reduced energy, it also may grade into
similarMost
conditions
occur in 1971;
a wide
of depositional
Chamberlain
Kernrange
and Warme
1974; Fürsich 1975; Crimes
ichnological application to sequence stratigraphy.
papers may
intertidal
environments
(e.g. et
proximal
wave-dominated
delta
al. 1981; Miller
1984; Wightman
et al.fronts,
1987; Frey 1990; Frey or shallow subtidal extensions of the Cruziana
published since 1995 dealing with stratigraphic
discontinuities
Ichnofacies;
al. 1990;
MacEachern
and Pemberton
1992;
et al. ecotonal or mixed Skolithos - Cruziana associations
sandy
and spits,ettidal
channels
and inlets,
flood and
ebbPemberton
have acknowledged the presence of trace fossil
suitesbars
attributable
are
common
in both recent (Howard and Frey 1973) and ancient
1992a,b;
MacEachern
et
al.
1992a,b;
Pemberton
and
MacEachern
to the Glossifungites, Teredolites, and/or Trypanites
Ichnofacies.
tidal deltas,
sandy bay margins, low intertidal sand flats,
settings.
1995, 1997;
Bromley
1996; Gingras
al. 1998; MacEachern
et al.
Vertical successions of trace suites attributable
to the
various
estuary
mouth
complexes,
and
submarine
fans). etAssociated
1999a,b;
Pemberton
Fielding 2004;
Bann et
ichnofacies indicate whether these successions
reflect shifts
of
Finally,
the Skolithos Ichnofacies may appear in slightly to
stratification
features
typically
consistet al.
of 2002;
fine Bann
scale,and
parallel
al. 2004a). Without the coherent underpinning of the ichnofacies
laterally adjacent depositional environments
is, they obey
substantially
deeper water deposits wherever energy levels,
to(that
subparallel,
gentlyconcept,
seaward
dipping
laminae
(swash
zone
trace fossil identifications, ichnologic assemblages
Walther’s Law), or rather the presence of subtle stratigraphic
food
supplies,
and hydrographic and substrate characteristics
cross-strata)
to
largeand
small-scale,
multidirectional
trough
and
ichnofabric
designations
have
no
conceptual
basis
for
discontinuities that separate nonadjacent environments.

cross-beds with current ripple cross laminae. In strongly stormdominated settings, low angle, undulatory parallel lamination
may be erosionally amalgamated into thick bedsets (SCS). In
turbidites, beds may display massive, horizontal planar parallel,
and current ripple lamination (Bouma A, B and C divisions).
Settings characterized by tidal processes may show trough
cross-beds and current ripples with cyclic development of mud
drapes on foresets (tidal bundles) or thin lenses of mud in the
troughs of ripples (flaser bedding).
As dictated by the fundamental relationships between water
agitation, sediment transport and animal distribution, most
trace-makers found in these higher energy sandy settings are

Fig. 7 – Schematic block diagram of the Cruziana Ichnofacies. Common traces include Arenicolites (Ar), Asterosoma (As), Chondrites (Ch),
Cosmorhaphe (Cr), Cruziana (Cu), Cylindrichnus (Cy), Diplocraterion habichi (Dh), Gyrochorte (Gy), Helminthopsis (H), Lockeia (Lo), Ophiomorpha
(O), Palaeophycus heberti (Pa), Palaeophycus tubularis (Pt), Phoebichnus (Pb), Phycodes (Pc), Phycosiphon (Ph), Planolites (P), Psammichnites (Ps),
Rhizocorallium (Rh), Rosselia socialis (Rs), Rosselia rotatus (Rr), Rusophycus (Ru), Siphonichnus (Si), Skolithos (S), Taenidium (Ta), Teichichnus (T),
Thalassinoides (Th), and Zoophycos (Z).

are suitable (Crimes et al. 1981; Crimes and Fedonkin 1994).
Potential examples include submarine canyons, deep-sea fans,
and bathyal slopes swept by strong contour currents. Therefore,
as emphasized previously, paleobathymetric interpretations
cannot be based solely on checklists of trace fossil names:
evaluation of associated physical sedimentary structures,
stratigraphic position, and other facies evidence is essential,
even in normal beach-to-offshore sequences.
The archetypal Skolithos Ichnofacies is characterized by: (1)
predominantly vertical, cylindrical, or U-shaped burrows; (2)
protrusive and retrusive spreiten in some U-burrows, which
develop in response to substrate aggradation or degradation;

Rosselia
Conichnus/Bergaueria
(sea anemone)

Skolithos
Psilonichnus in fiddler crab balls

Ophiomorpjha (shrimp)

Ichnofacies and associated environment (from MacEachern et
al., 2007 after Seilacher)
Fig. 1 – Idealized schematic bathymetric zonation of the archetypal ichnofacies (modified after Seilacher 1967a).

Hadrosaur trackway on intertidal
sand dune

Thalassinoides (shrimp)

3c. Outcrop results: Biofacies

• Oysters, clams, and turritellid gastropods.
• A ~0.5 m thick oyster bed is found near the top of the Woodbine.
• Ammonite impressions are occasionally found
• Ammonites with preserved shell material, including the Middle
Cenomanian marker Conlinoceras tarrantense, appear to be restricted
to the uppermost Woodbine (Tarrant).
• Carbonized wood fragments and logs, some of which have been bored.
• Vertebrate fossils are restricted to only a few locations, and include
dinosaurs, archosaurs (crocodiles), turtles, and shark teeth.
• Consistent with a marginal, brackish water to marine environment

Macrocerithium tramitense
(turritellid snail)

Ostrea soleniscus (oyster) bed

Shark tooth

Tellina spp. (clam)
46

Ammonite impressions

Conlinoceras tarrantense

Wood
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3d. Outcrop results: Sedimentary Structures
• Finer-grained and more quartzose than the lower Woodbine
(Dexter) with a much higher percentage of mud.
• Many of the larger sand bodies are relatively clean.
• Bidirectional cross-bedding, multi-directional troughs, and
superimposed ripples.
• Heterolithic deposits, including flaser, wavy, and lenticularbedded sandstones were identified at many of the locations.
• Bimodal distribution of current indicators (NW/SE)
• Sedimentary structures are suggestive of a tidally-influenced
environment.

Model showing the architecture of tidal compound dunes developed in the macroFig. 11. Schematic model showing the architecture of tidal compound dunes developed in close proximity to migrating channels in the macro-intertidal environment. The crests of
intertidal environment (from Choi and Jo, 2015)
compound dunes are oriented oblique to those of simple dunes. Master bedding surfaces of compound dunes may dip in opposite direction to the accretion surfaces of point bars.

ﬂat facies association are locally present beneath dunes and constitute
the main substrate. The boundary between the dunes and the underlying mud ﬂat facies association is either planar or undulatory. Planar contacts appear on the channel bank where no runoff drainage channel is
present, which is found on the northern channel bank near the conﬂuence of the main channel where a mud ﬂat facies association with ﬂattop morphology is exposed (Fig. 3H). Undulating contacts are common
on the southern channel bank where runoff channels are well established.
The mud ﬂat facies association is exposed on the dune trough where ebbtide runoff channels induce headward erosion because of channel–bank
slope. Transect proﬁles indicate that the southern channel bank experienced net deposition caused by lateral migration of the tributary channel
(Fig. 6). Although the magnitude of accretion is small compared to the
thickness of compound dunes because of limited channel migration,
small-scale, wedge-shaped, point-bar succession could develop on the
ﬂank of southern channel bank (Fig. 11). Given the dataset used for this
study, the stratigraphy of point bar succession cannot be constrained
with certainty. Considering that the channel facies association is overlain
by the dune facies association, the resultant point-bar succession is likely
to consist of coarse-grained sediments mostly derived from the adjacent
dunes. Therefore, spatial distribution of dunes and point bar deposits
seem to be controlled by the antecedent topography of semiconsolidated,
mud ﬂat facies association.
The present study highlights the architectural complexity of tidal
compound dunes formed in the intertidal channel and channel bank.
Compound dunes on the southern channel bank migrate back and
forth in response to the intensity of tidal currents and wave activity,
with the majority of master bedding surfaces dipping southeast in the
residual current direction. Simultaneously, compound dunes shift their
position to the northern channel bank and eventually overlie channel
point bars. A composite stratigraphy is expected in the point bar location, where a point-bar succession is overlain by a coarsening-up
compound-dune succession (Fig. 11). Orientations of master bedding

surfaces in the compound dunes are nearly opposite to those of accretion surfaces in the underlying channel point bars (Fig. 11). Although
dunes and bars are known to be inﬂuenced by separate hydrodynamics
associated with different water depths (Dalrymple and Rhodes, 1995;
Longhitano et al., 2010; C. Olariu et al., 2012; M. Olariu et al., 2012),
the present study documents that contrasting architectures of dunes
and bars can be simultaneously produced in the macrotidal channel
and channel bank without involving base-level changes (e.g., Yoshida
et al., 2004). Compound dunes commonly overlie barforms such as
elongated bars and side-attached bars in the channelized subtidal setting. Under the circumstances, dunes tend to move either along the
strike of the bars that migrate laterally (Dalrymple and Zaitlin, 1994;
Dalrymple and Rhodes, 1995; M. Olariu et al., 2012; Chaumillon et al.,
2013) or the downdip of the downcurrent-accreting bars (Féniès and
Tastet, 1998; Lambiase et al., 2003; Legler et al., 2013). For either case,
compound dunes migrate at a right angle or parallel, but presumably
in the same quadrant, to the dip directions of lateral accretion surfaces
of the bars, because sediment transport is largely governed by the dominant tidal current. In contrast, if the area is subject to intense wave activity and seasonal discharge ﬂuctuation, compound dunes on the
intertidal channel bank could migrate in a direction that is nearly opposite or at a high angle to the dip directions of accretion surfaces of the
point bars. Master bedding surfaces produced by tidal currents are likely
to be nearly unidirectional in the channel, but bidirectional in the
channel bank where overall ebb dominance alternates with temporal
ﬂood dominance with little tidal asymmetry (Fig. 12A). In the event of
strong waves blowing onshore against the dominant tidal current
direction, i.e., ebb currents, dune displacement will occur toward subordinate tidal current direction (Fig. 12B; e.g., Harris, 1991; Le Bot and
Trentesaux, 2004), and cause the master bedding surfaces to dip in
the same direction (Fig. 12B). If the channel migrates in response to seasonal discharge ﬂuctuation, the accretion surfaces of the point bar tend
to dip oblique to ebb current direction (Fig. 12C). Resultant architecture

• Upper Woodbine in the DFW area was predominantly
deposited within a tidally-influenced estuary with shoreface
barrier islands, inlets, and tidal flats.
• The transgression that preceded deposition of the Eagle Ford
produced the oyster lag deposit and the overlying mud4.
Conclusions dominated, gradually-deepening, offshore marine facies.
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Longitudinal wave ripples
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5. Abstract

Although there have been a number of previous studies of the Woodbine outcrops in and around the DFW Metroplex, most were conducted before the value of using ichnofacies
for interpreting depositional environments was fully realized. In this study of upper Woodbine outcrops from Mansfield to Lake Grapevine, and the near-surface USGS GC-2 core,
the ichnofacies, body fossils, and sedimentary structures found in the rocks are indicative a strong tidal influence. Our interpretation is that the upper Woodbine in this region was
deposited within a tidally-influenced estuary with tidal flats, inlets, and shoreface barrier islands, which differs from previous interpretations of a fluvial-dominated delta plain or a
shelf-strandplain setting.
In outcrop, the sandstones of the upper Woodbine are typically fine- to very fine-grained quartz arenites that are trough cross-bedded, or contain superimposed ripples or
bidirectional cross-bedding. Mud-rich sandstones range from flaser, wavy, to lenticular-bedded. Most sandstones have indications of at least some bioturbation. The most
common ichnofossils in the upper Woodbine are those associated with the Skolithos and Cruziana ichnofacies, which are usually found in high-energy, intertidal to offshore marine
environments. Traces identified from these assemblages include Skolithos, Rosselia, Thalassinoides, Arenicolites, and more rarely Rusophycus. Trace fossils representative of the
Psilonichnus ichnofacies, including Psilonichnus within crab sand-ball deposits, dinosaur tracks, and rhizoliths (root traces), are generally restricted to deposits found in the vicinity
of Lake Grapevine. The Psilonichnus ichnofacies is indicative of sandy backshore, dunes, or supratidal flat environments.
Carbonized, bored wood fragments are common at some locations, as are oysters (Ostrea soleniscus and Exogyra columbella) and other bivalves. Gastropods, mostly turritellids,
and ammonite were seen at only a few locations. The uppermost Woodbine contains a predominantly agglutinated benthic foraminiferal fauna, but specimens of planktic
foraminifera and calcareous nannofossils were also identified. Vertebrate fossils, although well-publicized, are restricted to only a few locations, and include dinosaurs, archosaurs
(crocodiles), turtles, and shark teeth.

