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Abstract:

Aggregate shell bed accumulations within coastal marine sediments are numerous and . have been
thoroughly studied. In contrast, terrestrial shell bed assemblages have received less attention due to
their paucity within the existing strata. Such terrestrial shell bed assemblages provide a wealth of data
concerning paleoenvironments, paleobiology, potential hydrocarbon reservoirs and diagenetic
processes. A channelized shell bed discovered in the Upper Cretaceous Hell Creek Formation contains
thousands of specimens representing 8 genera with 20 recognized species. This shell bed provides
valuable insight into the paleoecologic and sedimentologic systems of the Hell Creek Formation.

Field data was collected during the summer of 2000. Geologic data was collected for regions laterally
and vertically contiguous with the shell bed. Seventeen different lithofacies were identified in the study
area on the basis of grain size and sedimentary structures. Lithofacies associations were subsequently
determined for the characterization of depositional environments. Architectural element analysis was
employed to aid in the recognition of discrete depositional facies. Taphonomic data was collected
within the shell bed with a primary focus on the molluskan fauna present. Data collection included
taxonomic identification, shell articulation and modification, and shell orientation.

Three distinct deposystems are recognized within the study area. The first is a fluvially dominated
channel belt with tidal influence. Moving up-section, the second deposystem is characterized by a
transgressing lacustrine system with subsequent clastic infilling. The youngest deposystem represents
anoxic small lake and backswamp environments with limited clastic input and significant organic
accumulation. The shell bed represents the basal member of a channelized turbidite sequence.
Taphonomic and geologic data suggest that the shell bed formed from an event concentration with
minimal time-averaging. A high degree of preservation is recorded by a vast majority of the shells.
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ABSTRACT

" - Aggregate shell bed accumulatlons within coastal tharine sediments are numerous and .

have been thoroughly studied. In conrast, terrestrial shell bed assemblages have received -
less attention due to their paucity within the existing strata. Such terrestrial shell bed
assemblages provide a wealth of data concerning paleoenvironments, paleobiology,
potential hydrocarbon reservoirs and diagenetic processes. A channelized shell bed
discovered in the Upper Cretaceous Hell Creek Formation contains thousands of
specimens representing 8 genera with 20 recognized species. This shell bed provides
valuable insight into the paleoecologlc and sedimentologic systems of the Hell Creek
Formation.

Field data was collected during the summer of 2000. Geologic data was collected
for regions laterally and vertically contiguous with the shell bed. Seventeen different
lithofacies were identified in the study area on the basis of grain size and sedimentary
structures. Lithofacies associations were subsequently determined for the characterization
of depositional environments. Architectural element analysis was employed to aid in the
recognition of discrete depositional facies. Taphonomic data was collected within the
shell bed with a primary focus on the molluskan fauna present. Data collection included
taxonomic identification, shell articulation and modification, and shell orientation.

. Three distinct deposystetns are recognized within the study area. The first is a
fluvially dominated channel belt with tidal influence. Moving up-section, the second
deposystem is characterized by a transgressing lacustrine system with subsequent clastic
infilling. The youngest deposystem represents anoxic small lake and backswamp -
environments with limited clastic input and:significant organic accumulation. The shell
bed represents the basal member of a channelized turbidite sequence. Taphonomic and
geologic data suggest that the shell bed formed from an event concentration with minimal
time-averaging. A high degree of preservation is recorded by a vast majority of the shells.
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CHAPTER 1
INTRODUCTION

| Studies of large shell bed accumulations in coastal marine deposits are numerous
(Fursich and Flessa, 1987; Kidwell and Bosence, 1991; Kidwell,1991). Howeyver, in the
terrestrial realm large accﬁmulations of shelly fauna receive less attention. This is
unfortunate, in that such shell deposits may provide a wealth of infofmation regarding
depositional environments (Elliot, 1978), implications for paleobiologic populations
(Hartman and Kihm, 1996), and éven reservoir data in exploration for hydrocarbon
resources (Chatfield, 1972). Terrestrial depositional settings léck extensive lateral
_ continuity éf individual deposits. For this reason, large shell bed accumulations are
inherently useful as both stratigraphic position markers .allld tools .for unraveling
deposystems (Russell, 1976). However, the paucity of litérature dg:aling with terrestﬁal
shell beds may simply be a reflection of the scarcity of such depqsits;' Taphonomic
processes that affect such shell accumulations play a commanding r(;le in their potential
for preservation.
The taphonomic history of a shell accumulation is successfully reconstructed by _
: -intérpreting specific features of the shells themselx}es, m addition td characterizing the
depositional environment (Behrensmeyer and Kidwell, 1985). A confident interpretation
of the depositional environment begins with a detailed lithofacies analysis of the shell-
bearing unit, as well as all the surrounding strata (LaRock, 2000). Associations of these
lithofacies are subsequently used to characterize the depositional setting of the shell

accumulation. In understanding the processes of accumulation, inferences may be made
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concerning paleo—ecosystems. In an attempt to obtain the most useful information from
the assemblage, detailed investigation of ’Fhe shclls must be undertaken while they ;emajn
z'n‘ Situ. | . o | .
Individual shells and s;mall shell assemblages are comirion in the Upper
Cretaceous Hell Creek Formation (Maastrichtian) of Montanal Many of these
occurrences were initially described in the early 1900°s when the geology and
paleontology of the formation was first explored (Brown, 1907). However, largé
cumulate shell beds are much less common, especially when associafted with vertebrate
remaiﬁs and a noticeable amount of organic material. To date, little to no work has been
~ done on large shell accumulations in the Hell Creek Formation with respect to
palgoecplogig: implications. In the 1999 field season of the Hell Creek Project in _
association with fhe Museum of the Rockies, a ved conspicuous shell assemblage was
discovered. Such an assemblage provokes interesf in the sedimentary processes that
‘ occurred, taphonomic features responsible for preservation,.and implications for the
.paleoecology of the system. |
The purpose of this sfudy is to determine the depositional environment and
taphonomjc processes responsible for the accumulation of the shell bed. In spe’ciﬁc, goals
addressed by this research inclucie; detérmining: ( 1) the depc;sitional envﬁonﬁént of the
shell bed as well as laterally and vertically contiguous strata by implementing detailed
lithofacies analysis, (2) the stratigraphic position of the shell bed with respect to the K-T
boundary (Z-coal), (3) degree of shell modiﬁqatibn, (4) process(es) responsible for the

“shell accumulation, (5) amount of time represented by the assemblage.
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Location and Geologic Setting

' _ The shell bed is located on Bureau of Land Management property ad_]acent tothe .
Charles M. Russell Wildlife Refuge in Garfield County, approximately 24 miles north of
Jordan, Montana and about 3.5 miiles south of the Hell Creek Recreation Area on Fort
Peck Reservoir (Figure 1). The shell bed is exposed in badlands topography at the base. of
a large domed hill immediately to the west of the unimproved School Section Divide

‘Road (Figure 2).

- Stratigraphically, the shell bed is located in the Upper Cretaceous (Maastrichtian)
. Hell Creek Formation, deposited during the final stages of the Cretaceous Period (Figure
3). The formation is exposed around the Fort Peck Reservoir in eastern Montana F igu_re
" 4), and represents aregressive systems tract of the Western Interior foreland basinin
terms of sequence stratigraphy of continental strata (Kaufman and Caldwell, 1993;
Shanley and McCabe, 1994). During the transition from Cretaceous to Tertiary time, a
combination of forced regression and loss of accommodation space limited sediment
progradation. Sediments within the Westem Interior basin began to aggrad‘e.. The
sediment supply to the’basin also decreased during this transition, reflected by an increase
in organic sedimentation with the respective decrease in terrigenous clastic sedhnentatio'a :
(Ayers, 19865. A paleoenvironmental change is observed in the stratigraphy from a
fluvially dominated to a swampy lacustrine system in the upper third of the section.

The Hell Creek F onfhation as whole is time-transgressive, demonstrating minimal
lateral continuity of strata. The formation is bounded below by the Cretaceous Fox I—'Iille

Sandstone and above by the Tertiary Tullock Formation in eastern Montana (Figure 3).




Figure 1. Regional location of the shell bed (X) in eastern Montana.



Figure 2. Topographic setting of the study area containing the shell bed. Shell bed is
marked by the X. Scale = 1:24,000 (Maloney Hill Quadrangle)



western western
eastern Montana North Dakota SouthDakota

TULLOCK LUDLOW FORT UNION

HELL C HHS---A

BEARPAW

Figure 3. Stratigraphic position and relationships of the Hell Creek Formation (Fastovsky, 1986a).
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Further East, in Noﬁh Dakota, the upper contact occurs with the Tertiary Lﬁdlow
F ormatlon a Tullock and Fort Union equivalent (Brown, 1952)

In the study area, approx1mately 22 meters of the uppermost portlon of the Hell
Creck Formation are exposed. Where present, less than 3 meters of the Tullock
Formation is exposed. A wide variety of lithologies are present within these formations,
including conglomerate, sandstone, siltstone, mudstone, claystone and coal. Fossil
remains encompass a wide array of organisms from dinosaurs and turtles to mollusks and

plants.
Methods

Fieldwork was carried out during the summer of 2000, from late May through
eéﬂy August'. Detailed stuldies of sedimentology, taph()ndmy and paleoecology; were'

/ performed to éccu‘rately interpret the deposit. The first few days involved a general
overview of the study area, creating a spatial understanding of the deposit. A 360-degree
photo mosaic of the terrain surrounding and including the shell bed was produced for

later interpretation of interfingering strata.

Active gxcavation first involved the collection _of taphonbmic data from the.shell N
bed. Since the top of the shell bed creatéd a ﬂét pediment surface, it made detailed
excavation possible. The excavation pit was approximately 1 meter wicie and 0.4 meters -
deep, encompassing the vertical extent of thé shell bed. Initially, the assemblage was
photographed and desgribéd as a whole unit in vertical outcrop. Next, the unit was
dissected 1cm at a time. By using this discrete method of excavation, subtle changes

within the assemblage, not seen in outcrop, could readily be observed. Individual
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specimens were carefully collected using brushes, iqe picks and dental tools. Specimens
were covered yvith a thin coaﬁng of hardener to pre-\/ent damage. Samples that were
collected for thm sectién ahalysis did not éet c:C)ated with any hardener. Tapﬁbﬁoﬁiic datevl.
collected include degree of articulation, degree of preservation, size distributioh,
orientation of shells, identification of taxa (Hartman, 20003 pers. com.), sediment teﬁ:ure
and composition, and detailed descriptions of non-moliuskan fauna and flora present.

After excavation, the umt was traced out in an attempt to determine lateral extent,
interfingering lithofacies and unit geometry. Stemming from this endeavor, detailed
stratigraphic sections were measured in four different localities. In badly weathered
outcrops, trenches were made at least 30cm deep in order to obtain an accurate depiction
of the sediment. Volunteers from the Mont_ana Conservation Corps were enlisted to g.id in
the création of many exceedingly useful trenchés. Careful atten;cion vs}as pajid to produce
complete lithofacies descriptions based on procedures from Miéll (1985). This included
in-depth descriptions of gfain size and composition, texture and sedimentary structures.
Many of these lithofacies were also photographed. In a further attempt to understand the
architectural elements, the nature and geometries of contacts were also intensely observed
and described. In many localities, lateral correlatives could not successfully be
determined due to the presence -of ﬁlassivé feﬁtuginous coﬂcretioﬂs;

After all necessary field data were collected, data compilation and laboratory
analyses were performed. First, individual lithofacies were conscribed into lithofacies
associations needed for paleoenvironmental interpretations. Taphonomic observations

were also characterized for interpretation. These observations included the biologic range
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and specifics of taxa present within the assemblage with regard to classification, maturity

and stratigraphic range. The abundance of individual species of mollusks was also noted.




11

CHAPTER 2
o 'LITHOFACIES

The Hell Creek Formation is composed of several major lithologies within the

area of study, none of which appear conspicﬁously dominant. Lithologies include

conglomerate, sandstone, siltstone, mudstone, claystone and lignite coal. Eighteen

" different lithofacies are described based on grain size and sedimentary structures. These

lithofacies include conglomerates describéd in Table 1, fine-grained clastics and non-

clastics described in Table 2, and sandstones described in Table 3.

Conglomerate Lithofacies

Massive Matrix-Supported Intraformational Conglomerate (Gmmi)

Description. This massively bedded, sandy, matrix-supported, conglo}nerate is
derived ﬁom within the formation (Figure 5a). The matrix is a fine-grained, well sorted |
sublitharenite. The clasts contain sand of the sﬁne composition in addition to a mud
constituent, consequently named a sandy-mudstone. The clasts range from spherical to

elliptical in form, are well rounded to subrounded and have no preferred orientation.

Clasts range form 2cm to 8cm in maxnnum Iengtﬁ. This lithofacies (Gmmi) conformably -

overlies both ripple cross-laminated sandstone (Sr).and wéve-ripp}e cross-laminate;d
sandstone (Swr). The upper contact cannot be found within the field area due to the lack

of outcrop exposure.




CONGLOMERATE LITHOFACIES

Lithofacies Descrintion
Gmmi Massive matrix-supported intraformational conglomerate Matrix: well sorted, fine-grained sand; clasts: well-subrounded sandy mudstones,
spherical-elliptical in form, 2cm-8cm in maximum length, randomly oriented;
unit: ungraded, massive, conformable lower contact
Gbem Massive bioclast-supported polytypic conglomerate Matrix: poorly sorted, medium-grained sand to mud; clasts: >95% mollusk
shells ranging form large pelecypods (-10cm ) to small gastropods (<0.3cm),

dinosaur bone fragments, champsosaur, turtle, crocodile and gar remnants are rare;
unit: may contain organics, fines crudely upward

Table I. Summarized lithofacies descriptions for conglomerates.

FINE-GRAINED CLASTIC AND NON-CLASTIC LITHOFACIES

Lithofacies Descrintion

Fi Interlaminated very fine-grained sand, silt, and mud Individual lamina range from 0.5cm-2cm thick, unit thickness ranges from 0.3m
to 1.25m, lacks bioturbation and rootlets, laminated organic fragments common

Fs Siltstone Typically massive, 5cm-60cm thick, organic content is variable, color varies
Fmm Massive mudstone Beds range from 4cm-60cm, widely variable organic content, light to dark gray
Fml Laminated mudstone Unit thickness is 4cm-120cm, organics very common, gray, brown and purple
Fel Laminated claystone Unit thickness is4cm-25cm, organics always present, dark brown to light gray
c Lignitious coal Laminated and loosely condensed, very dark brown to black

Table 2. Summarized lithofacies descriptions for fine-grained clastic and non-clastic deposits.



SANDSTONE LITHOFACIES

Litofacies Descrintion

sh Horizontally stratified sandstone Occurs in medium-grained, well sorted sand, contacts may be sharp or gradational,
commonly associated with facies Sm, may be intercalated with facies Shes

St Trough cross-stratified sandstone Occurs in coarse to medium-grained, moderately to well sorted sand, organics are
common, St found within facies Seh, lower contact may be associated with facies Se

St Ripple cross-laminated sandstone Occurs in medium to fine-grained, well sorted sand, angle ofclimb varies from low
to nearly vertical, contacts may be abruptto gradational but never erosive

Shes Hummocky cross-stratified sandstone Occurs in medium-grained, well sorted sand, irregular swaley appearance, typically
Intercalated with facies Swr and sometimes facies Sh, may be only facies present

sm Massive sandstone Usually occurs in medium-grained sand, may occur in fine sand, OJm to 2m thick,
lacks bedforms or grading, contacts are highly variable

Se Erosional scouring sandstone Occurs in coarse to fine-grained, moderate to well sorted sand, mud rip-up clasts
always present, -2cm to 10cm thick, lower contact typically convex

Seh Heterolithic epsilon cross-stratified sandstone Occurs as a couplet between sand and mud, sand ranges form moderately sorted,
coarse-grained to well sorted, medium-grained, frequency of low angle mud drapes

on sands increases upward, sand grain size decreases upward, muds typically contain
high percentage oforganics

swr Wave ripple cross-laminated sandstone Occurs in medium-grained, well sorted sand, contains bidirectional sets which create
symmetrical wave crests, typically associated with facies Shes and facies Sr

Smi i i i . . . . . . .
Sandstone with amorphous to stringy mudstone intraclasts Occurs in medium-grained, well sorted sand, contains varying sizes of mud intra-

clasts which may be amorphous blobs to sinusoidal ribbons, 20cm to 40cm thick,
sand is pushed into the mud at the lower contact

Table 3. Summarized lithofacies descriptions for sandstones.



Figure 5. Lithofacies seen in outcrop: a.) massive, matrix-supported, intraformational conglomerate, b.) massive, bioclast-
supported conglomerat, c.) interlaminated sand, silt and mud
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Interpretation. This intraformational conglomerate is interpreted to have formed
by penecontemporaneous deformation of subaqueous semi-consolidated sediment with
consequent redeposition fairly close to the site of deformation (Boggs, 1995). Causes
include storm waves and sediment gravity flows. Further interpretation, based on random
clast orientation, the absence of bedding or grading and the high proportion of mud to

sand within the clasts suggests a cohesive sediment gravity flow (Nemec et al., 1984).

Massive Bioclast-Supported Polytypic Conglomerate (Gbcm)

Description. This lithofacies occurs in only one stratigraphic position locally,
ranging from 15cm to 25cm in thickness. The matrix is a poorly sorted association of
grain sizes encompassing everything from mud to medium-grained sand (Figure 5b). The
clasts are composed almost exclusively of mollusk shells which range in size from large
pelecypods (~10cm) to very small gastropods (< 0.3cm). Other clasts, although
exceedingly rare, include badly weathered ceratopsian bone fragments as well as turtle,
champsosaur, crocodile and gar remnants. A significant portion of plant material is also
present in this lithofacies as both carbonized and charcoal. As a whole, the clasts are
randomly oriented illustrating an exceptionally crude fining-upward trend. This
lithofacies (Gbcm) possesses an undulating basal contact overlying a deformed siltstone
(Fs). The upper contact is a massive, muddy sandstone (Sm) that fines upward into a

massive mudstone (Fmm) with an increasing proportion of organic material.

Interpretation. Interpretation for the genesis of this massive, bioclast-supported

conglomerate is strongly associated with the overlying lithofacies and the nature of the
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Trough Cross-Steatified Sandstone (St)

Description. Trough c_roéS-_sfratiﬁed sandstone in the study area corﬁprises coarse
to 'medium-grained sand fhat is niéderat'e.ly. to well sorted. Orgaﬁic materia;il‘ is 'common,
including whole leaves, fig-like fruits and small plant debris. The manner in which this
lithofacies occurs is fairly unusual. Single séts and cosets are éonﬁined within the
heterolithic epsilon cross-stratified lithofacies (Seh). The lower contact in this area is
exclusively erosional, dissecting mudstones and inicorporating flat, ‘ci-isk-like rip-up clasts.
This contact will be described herein as an erosional sandstone lithofacies (Se). The
upper contact of individual sets, where observable, is a thin, organic rich mudstone
stringer, part of the heterolithic epsilon cross-stratified lithofacies (Seh). The uppermost
contact of the unit asa whole is badly Wea’ghéred, éropping out on a vertical cliff face.

Subsequently, this contact could not be accurately described.

Interpretation. Trough cross-stratified sandstone, occurring under low flow regime
conditions, is interpreted to be produced by the migration of subaqueous dunes (Miall,

1977). The organic matter present represents plant material that accumulated on the lee

~ side of dunes, readily positioned for rapid burial.

Ripple Cross-Laminated Sandstone (Sr) -

Description. Ripple cross-lamination occurs in fine to medium-grained, well
sorted sandstone (Figuie 6a). The crests of the i‘lpplég are asyminetric. The angle of ¢liitib
for sets within cosets varies ffom low to nearly vertical. Contacts may be gradational or
abrupt, but are never erosional. This lithofacies is seen in thin sandstone sheets, at the top

of and within massive sandstones (Sm), as well as associated with wave ripple cross




Figure 6. Lithofacies in outcrop: a.) ripple cross-lamination,
b.) hummocky cross-stratification, c.) massive sandstone.
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lamination (Swr). Upper and lower contacts vary significantly, including anything from

conglomerates (Gmmi) to mudstones (Fml, Fmm). - .

Interpretation. Sandstones containing ripple cross-lamination are interpreted to
have formed under low flow regime conditions, produced by the migration of subaqueous
ripples in shallow water (Miall, 1977). The asymmetric crests are indicative of

unidirectional flow.

Hummocky Cross-Stratified Sandstone (Shes)

Description. This lithofacies is found in medium-grained, well sorted sandstone.
Strata are irregﬁlar and swaley in shape (Figure 6b). Hummocky cross-stratified
sandstone is 'typicalvly intercalated with Wave ripple Cr@ss-laminae (Swr),‘and‘ sometimes -

with horizontal stratification (Sh). In some sandy beds, this is the only facies present.

Interpretation. Oscillating wave currents and combining flows of unidirectional
and oscillatory currents typically produce hummocky cross-stratified sandstones (Cheel
and Leckie, 1993). Storm conditions producing swales in shoreface and offshore

environments often deposit this lithofacies (Shes) (Walker and Bergman, 1993).

Massive Sandstone (Sm)

Description. Massive sandstone lacks sedimentary structures and grading. It
typically occurs in medium-grained sandstone, but fine-grained units are present (Figure
6¢). Beci ,thickness.varies from 0;3m to ~2m. Upper contacts are usually gradational,
although some may be abrupt. Common associations include ripple cross-laminated (Sr)

and horizontally stratified sandstones (Sh). Less common, but still present, is the
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association of siltstones (Fs) and mudstones (Fmm, Fml). Lower contacts demonstrate

-both sharp and gradational transitions. Gradational transitions with massive sandstone

containing stringy, amorphous mudstone intraclasts (Smi) are quite common. In at least

one ‘straﬁg:aﬁhjc locality, this facies (Sm) grades downward into an erosional scouring

 sandstone contaihing elongate pebble-like mud chips (Se). It is also common to find

small (<5cm) limonite concretionary spheres within this lithofacies (Sm).

Interpretation. The formation of massive sandstone has several interpretations.
This facies (Sm) may be the result of sediment gravity flows, bank collapse in small
channels or postdepositional modification induced by bioturbation and deWateﬁng (Miall,
1996). More simply, massive sandstones may be the result of the weathering proﬁle of

the outcrop in that sedLmentary structures may not be v131ble

Erosional Scouring Sandstone (Se)

Descrip' ;tion. Erosional scouring occurs in coarse-grained to fine-grained,
moderate to well sorted sandstones. Intraformational rip-up clasts are always present.
Rip-ups are commonly flattened elliptical pebble-sized mudstones. This facies (Se) may
be up to ~30cm thlck but is commonl_y very thin at less than 10cm. It is exclusively
underlain by mﬁdstone (Fmm, Fml) éveryw.llefe within the study area. The upper contact _. |
is always gradational with trc;ugh cross-stratified sandstone (St) or massive sandstone

(Sm). This facies may also be interstratified with trough cross-stratified sandstone (St).
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Interpretation. Erosional scouring sandstones are interpreted to form from channel
' avulsmns dlssectmg ﬂoodplaln overbank dep051ts such as siltstones (Fs) ; and mudstones

' (Foom, Fml) (Rust, 1978),

Heterolithic Epsilon Cross-Stratified Sandstone (Seh)

Description. Epsilon, cross-stratification occurs as a heterolithic intercalated
couplet comprising two major lithologies, sandstone and mudstone (Figure 7a). The
sandstone ranges from moderately sorted, coarse-grained sand to well sorted, medium
grained sand. The mudstone typically contains a high percentage of laminated plant
material. The epsilon cross-stratification is formed by intervals of low angle mudstone
stringers within the sandstone. These mudstone stringers vary in thickness from ~2cm to
;6cm. The ﬁequency of thick to thin mudstone éﬁingers iﬁcréases .towards the top of the
unit. The unit, as a whole, fines upward from coarse-grained to mgdimn—grained
sandstone. In this lithofacies (Seh) the sandstone component consists of trough cross-
stratification (St) which is present between the mudstone stringers. The lower contaét is
gradational into the erosional scouring sandstone fa(;ies (Se). The upper contact is

interlaminated very fine sand, silt and mud (F1).

| Iﬁtegp‘ retation. The héfe’rolithic epsilon cross-stratified facies has begﬂ interpreted
"by Smith (1987) to represent laterai accretion of point bars in a low energy fluvial system
with microtidal to mesotidal influence. All of the criteria presented by Smith for this
deposystem are present in this facies (Seh). The mudstone drapes were deposited out of
suspensio'n' on the lateral accretion surfaces when flow was mediated by the element of

* tidal influence (Jackson, 1981).




Figure 7. Lithofacies in outcrop: a.) heterolithic epsilon cross-stratification, b.) wave ripple cross-lamination,
c.) sandstone with amorphous to stringy mudstone intraclasts.
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Wave Ripple Cross-Laminated Sandstone (Swr)

Descrlptlon Wave npple cross-lamination occurs in medlum-gramed well sorted-
| sandstone (Flgure 7b) This bedform exh1b1ts symmetncal npple crests with equal angles
- of repose on both the lee and stoss sides. Different unidirectional sets combine to form
the bidirectional wave ripple cross-laminae. This lithof;ciés is commoniy found -

o interstratified with hummocky cross—stratiﬁcation (Shes) énd ripple cross-lamination (Sr).
The lower contact, exclusively gradational, may be massive sandstone (Sm) or
hummocky cross-stratified sandstone (Shes). The upper contact is eroded e\}erywhere in
’Fhe field area excépt one locality. At that location, the upper contact is a non-erosional

intraformational conglomerate (Gmmi).

Integgre.tat.ion. Wavé ripples formm shallow water under the influence of
bidirectional, oscillatory m;)tion for which the férward and backward orbital wave
velocities are equal (Clifton, 1976). If the difference between backward and forward
wave velocities is less than 1cm/s, syrﬁmetrical ripples develop. If the orbital velocity
exceeds 5cm/s asymmetric ripples develop. Clifton: (1976) suggests that symmetrical
wave ripples typically occur within a sequence of bedforms. The sequence grades from
| symmetrical wave ripples in de_eber water to asymmetriqél ripples, lunate meéaﬁpples

(hummocks) and planar flat béds in a landward direction as seen in oceans and lakes.

‘Sandstone with Amorphous to Stnn,qv Mudstone Intraclasts ( Sml)

Description. ThlS 11thofac1es occurs with massive, medlum-gramed well sorted
sandstone and massive mudstone (Fmm). The sandstone contains varying size ranges of

mudstone intraclasts (Figure 7c). The intraclasts may be large amorphous blobs or
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gradational. The sharp contact, which is conformable and non-erosive, occurs with

massive sandstone (Sm). At the gradational contact, this facies (Fl) fines ppwaid into a

laminated mudstone (Fml). »

Interpretation. Several interpretations exist for this facies. In fluvial systems,

interlaminated very fine sand, silt and mud (F1) has been interpreted as overbank regions

representing suspension deposition and weak traction currents (Miall, 1996). In fluvio-
Iacustﬁne-envirdmn'ents; this sequence (F1) has been interpreted as a muddy marsh with

occasional fine sand input from bank-breaching events (Smith, 1987). Castle (1990)

- suggests that this facies (F1) may represent episodic flooding of mudflats or lacustrine

fine-grained sequences affected by occasional storm generated sand pulses.

Siltstone (Fs)

Description. Siltstone in the study area varies a great deal in color, including gray,
tan, brown, purple and orange tints. This variation stems from a combination of
characteristics, such as organic content, mineralogy; weathering, oxidation and diagenetic
processes. Thickness ranges from ~5cm to 60cm. The upper and Idwer contacts also

exhibit a significant degree of variation. Lower contacts may be massive sandstone (Sm).

- or mudstone (Fmm, Fml), depending on whether the siltstone is part of a fining-upward

or coarsening-upward sequence. The same is true for the upper contact. However, the
upper contact may also be erosive in some localities. In this case, massive sandstone (Sm)

dissects the siltstone (Fs).
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Interpretation. Siltstone is interpreted to have settled out of suspension in standing

.water (Reading, 1996) Generally, the thlcker the umt the deeper the water. F ollowmg

this, thick s1ltst0ne beds > 250m) were hkely deposited from lake water thIe thin

siltstone ‘beds (< 10 cm) and laminae were likely deposited in fluvial 6verbank floods.

. Massive Mudstone (Fmm)

Description. Massive mudstone illustrates a narrow margin of colors, just shades
of gray. The amount of organic content varies widely within the study area. This facies
(Fmm) occurs in two associations. First, massive mudstone may have an erosional upper
contact with either trough cross-stfatiﬁed sandstone (St) or massive sandstone (Sm)
creating the scouring erosional sandstone facies (Se). Second, massive mudstone (me)
may ha-ve'an- nndulating, but non-eresive, upper contact with hufnmocky cross—sﬁatiﬁed
sandstone (Shes). The lower contact is with siltstone, hence the massive mudstone is part

of a fining-upward sequence. Bed thickness ranges from a few centimeters to ~60cm.

Interpretation. Massive mudstone is interpreted to have settled out of suspension
in standing water. Depending on thickness, this facies may have either fluvial or

lacustrine origins. In a fluvial system it (Fmm) may be part of overbank levee and

ﬂoodplam deposits (Mlall 1977). However, thlck mudstone deposits can also accumulate |

in lakes from the suspended load and from the upper portion of subaqueous sediment
gravity flows (Castle, 1990). The lack of lamination may be due to bioturbation,

dewatering or mass event deposition.

~
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Laminated Mudstone (Fml) '

Description. Laminated mudstone posses a wide array of colors including o

' variations of gray, br-own,'.an.d purple. Laminated orgéhjc material is usually very

common except for one locality. Upper and lower contacts of this facies show dramatic
variation throughout the study area. They may be conformable, as part of fine-grained -
bedding sequences, or erosive, being dissected by scouring sandstones (Se). The

thickness of this unit ranges from roughly 4cm to 120cm.

Interpretation. Laminated mudstone is interpreted to be the result of suspension
deposition in standing water over finite periods of time. That is, a depositional hiatus :
occurs between laminae (Reading, 1996). This may occur in marshes or offshore lake

environments (Picard and High, 1972), or in fluvial overbank regimes (Miall, 1996).

Laminated Claystone (Fcl)

Description. Laminated claystones are typically dark brown to light gray in color.
This facies (Fcl) always contains horizontally laminated organic maféria_l, sometimes in
excessive amounts (carbona;:eous claystone). Individual units of this facies are usually
interbedded with siltstone (Fs) and lamingted mudstone (Fml). Only in one locality is this
facies (Fclj a thiék capona ﬁniﬁg—upward sequence. In both interbedded units and the
fining-upward sequence the contacts are non-erosive and always conformablg, whether
they be sharp or gradational. Bed thickness for this facies (Fcl) ranges from a few

centimeters to 25cm.
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Interpretation. Laminated claystone has been interpreted to have formed

exclusively in fairly large bodies of standing water by suspension deposition onto the

subaqueous basin floor (Picard and High, 1972). High concentfations of organic material |
and lack of bioturbation indicate anoxic conditions in which bacterially mediated decay

could not occur.

Non-Clastic Lithofacies

Lisnitious Coal (C)

Description. Lignitious coal, or lignite, is found in only one stratigraphic position
in the study area. It is the boundary marker between the Hell Creek Formation
(Cretaceous) and the Tullock Formation (Tertiary). Thi; facies is Very dark brown to
black in color. The coal is typically lal;rlinated‘ and loosely packed. No‘ exact thickness
could be détermined because this unit is the highest point in the study area and its upper

contact has been eroded.

Interpretation. Lignitioué coal is interpfeted to have formed in lacustrine swamp
environments (Ayers, 1986). Two conditioﬁs had ;[0 persist for this to occur: (1) the |
clastic sedirﬁent éupply rate should be significantly lower than the supply rate of organic’
fnatter; and (2) the accﬁtnuiation rate of organic rﬁattér must exceed the rate of

degradation due to inorganic and microbial oxidation (Reading, 1996).
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M assive, matrix-supported, intraformationai conglomerate (Gmmi)

M assive, bioclast-supported, polytypic conglomerate (Gbcm)

Horizontally stratified sandstone (Sb)

Trough cross-stratified sandstone (St)

Hummocky cross-stratified sandstone (Shes)

Ripple cross-laminated sandstone (Sr)

M assive sandstone (Sm)

Heterolithic epsilon cross-stratified sandstone (Seh)

W ave ripple cross-laminated sandstone (Swr)

Erosional scouring sandstone (Se)

Sandstone with amorphous to stringy mudstone intraclasts (Smi)

Interlaminated very fine sand, silt and mud (FI)

Siltstone (Fs)

M assive and laminated mudstone (Fmm, Fml)

Laminated claystone (Fcl)

Lignitious coal (C)
Covered or pedogenically altered interval
9 Ferruginous concretions

Shells (pelecypods and gastropods)

Figure 8. Legend for Lithofacies Associations A-F illustrated in stratigraphic sections.
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Vertical scale in meters

Figure 9. Complete stratigraphic section from the study area.
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Facies Association A

Point bar deposits

ofthe meandering Facies Association B

channel with mud

drapes
Sand, silt and mud
ofeither floodplain
or interdistributary
lacustrine bay
I

I

meters
meters
0

Erosional scouring

base of channel

Crevasse splay

Floodplain

Figure 10. Paleoenvironmental descriptions of stratigraphic sections for facies
associations A and B based on lithofacies interpretations.
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stratified sandstone (Seh), which incorporates the other two, (Se, St). As a whole, this
N epsﬂon cross-stratiﬁed sequence is'5.2m thick Abundant plant’ fragments are very

common within the mud drapes Orgamcs vnthm the sand are rare.

Interpretation. The lowest unit in facies association A, siltstone (Fs) fining
upward to mudstone (Fmm) containing root traces, is interpreted as a distal floodplain

overbank region (F astovsky, 1986b) This mterpretatlon is supported by the massive

nature of the sedlments lack of sand 31zed grains, and the presence of vertlcal root traces.
The next unit up-section, fine-grained, scouring sandstone (Se) normally graded to
‘mudstone (Fmm), is interpreted as a crevasse splay deposit near the source (i.e. channel)
(Miall, 1996). This interpretation gains support from the thin nature of the deposit, the' |
normal grading and the presence of ﬁne-grained sand. F inally; the uppermost unit of
facies association A, generalized as heterolithic epsilon cross-stratified sandstone (Seh),
is interpreted to record lateral accretion of a point bar in a tidally-influenced meandering
channel (Jackson, 1981; Smith, 1987; Thomas et al., 1987). The intercalated trough
cross-stratification is interpreted as dunes migrating across the lateral accretion surfaces
(Smith, 1987). Based on the stratigraphic thickness, the channel was approximately 5
meters deep. This interpretation is highly reinforced by the structure, thickness and
vertical facies relations of this unit. Overall, facies association A represents a large
meandering channel laterally migrating across a floodplain. The crevasse splay deposit
between the floodplain and the channel units marks the incipient lateral migration of the

channel.
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ﬂbodplain associated with a large meanderiﬁg charinel. The second interpretation hinges
‘on the assumption that the lower contact is ﬂQngpnfofmable. If so, the sequence of facies
association B _suégests su‘baquéods suspension settling with ir;tennittent surge‘as. of (;lastié
input. The laminated plant detritus lends significant supp(;rt to suspension settling.
Fastovsky (1986a) suggests thz':it this association represents low enefgy ponded
environments. However, the lateral extent of this facies association (B) is large enough to
suggest an environment significantly larger than a pond. A more suitable environment
illustrated by this facies association would be an interdisuibutéry bay of a lacustrine
margin (Behrensmeyer et al., 1992). The interlaminated sand, silt and mud (FI) represents
the distal transition zone of a lacustrine margin (Castle, 1990). It marks the transition
from exclusively 1acp§h*ine_ suspension ‘s;ediments; to transp(.)rﬂted énd Wave—wqued P
sediments of the lower shoreface. High concentrations of plant detritus on laﬁlihae were
deposited out of suspension. Large bodies of water, especially lakes, in humid
environments ar.e commonly associated with perimeter sﬁamps (Picard and High, 1972).
The ‘plant detritus may have been transported by.episodic flood currents passing through
marginal swamps, displacing the organics into the lacustrine Water' column (Davies-
Vollum énd Wing, 1998). The pr¢servation of ﬂﬁs plan"[ material rqﬂects anoxic
| cénditions, hindering bacterial decay (Reading, 1996). Further support for an
interdistributary bay of a lacustrine margin stems from the wavy, adulterated laminations.
This feature is caused by soft sediment deformation and minor storm reworking (Eugster

and Surdam, 1973).
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Facies Association C (Figure 11)

Descnptlon F1ve major and one minor 11thofac1es compose facies association C.

The 5 major hthofac1es present always occur in the same order gradmg up- sectlon f’rom
lowest to highest, they include sandstone w1th amorphous to stringy mud intraclasts
(Smi),‘ massive sandstone (Sm), hon'zontél‘ly stratified sandstoné (Sh), hummocky cross-
stratified sandstone, and wave ripple laminated sandstone (Swr). The minor lithofacies
present, interlaminated sand, silt and mud (F1), is about 25¢m thick and occurs in one
locality, intercalated within massive sandstone (Sm). The laminae undulate in thickness
and sometimes cannot be distin_guished. Individual lithofacies thickness varies widely
throughout this facies associatic;n. The upper contact of this association (C) forms the
modern land surface in the st‘udy‘area, 'cbnsequently creating speculation as to unit
thickness. This facies association as a whole has an accurate thickness measurement in
only one locality where it is capped by a conglomerate (Gmmi). Here the thickness is
approximately 4 meters. The lower contact, depicted by lithofacies Smi and flame
structures, occurs with the laminated mudstone cap (Fml) of facies association B. Minor
lateral variati.ons in facies association C are common, yet non-extensive. Ex;entually,
facies association C pincheé out to the nor_théast, where it interfingers with facies

| association B. This relationship is 0bsérved clear.ly and definitively in'outcrop. Outcrops

of this sequence do not exist to the west due to erosion and lack of exposure.

Interpretation. Facies association C is interpreted as shoreface lake deposits with
distributary bars. This interpretation is heavily supported by the sequence of lithofacies

present. Sandy prograding lacustrine shorefaces are described by Castle (1990) to contain
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Facies Association C

Section from west-northwest to east-southeast

W NW ESE

Distributary bar
illustrating a
regressive
shoreface trend

Distributary bar
with hummocks,
wave-ripples-

lower and upper

shoreface zones

Figure 11. Paleoenvironmental descriptions of stratigraphic sections for facies
association C in three localities.
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wave ripple cross—lamingtion, hummocky cross-stratification, and horizontal stratification
with respect to ingrgasipg energy. Thqse strqctures Wer;a produced primarily by longshore -
' “currents and's'hoalil'“lg waves. The wave ripples are fOund"ifh‘ the ib'wér sfldreface, the
hummocks in the upper shoreface, and the horizontal beds in the swash zone (Castle,
1990). In the study area, all of these Sedimentary structures are preseﬁt, only in reverse
order. This suggests a prograding shoreline (Clifton, 1976). At any stratigraphic position
within this facies as‘sbc_iaﬁon, a lateral relationéhjp can be demonstrated supporting this
regressive shoreline trend, as long as the sedimentary structures are preserved. The basal
contact of this facies association, lithofacies Smi, represents the initial deposition of sand
| as distributary bars into standing water. The ameorphous and stringy muds, along w1th the
flame s_tructuréé, demonstrate'that the underlying mud was saturated during sand
progrédétion, heﬁce indicating a subaqueous environment (Elliot, 1978; Castle, 1990).
Moviné up-section, massive sandstone (Sm) is the next lithofacies. It composes a
majority of facies association C. Expected sedimentary structures are absent, likely
reflecting post-depositional bioturbation, reworking and dewatering (Miall, 1996). Higher
up section, preserved bedforms suggest rapid burial, excluding reworking wave processes
(Wheeler, 1983). The one instance of interlaminated very ﬁﬁe sand, silt and.mgd (¥
intercalated with the fhassivé sandstone -(Snﬁ) repfesents amudflat or 1aéoon éssociated
with the backshore zbne (Eugstér and Surdam, 1973). Sediment was deposjted in this
zone by washover, storm surges and suspended load fallout. This occurrence is local,

pinching out laterally within 12 meters.
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Facies Association D (Figure 12)

Descnptlon F acies assoclatlon Dis charactenzed by pulses of ﬁmng-upward

' sequences. Three dlstmct sequences are found in the study area, two of which have '
conglomerates at the basal portion. The first is composed exclusively of a massive,

matrix supported, intraformational conglomerate (Gmmi). The upper con‘cact is eroded
everywhere within the study area. The lower contact occurs with the wave-rippled cap.
unit of facies association C. This contact is non-erosive. A detailed description .of this
lithofacies (Gmmi) is provided in Chapter 2. The other two sequences in the study area
occur in the same outcrop, one dlrectly above the other. These sequences overly and
interfinger with facies association B The ﬁrst has an undulatmg, erosive base composed
of a massive, bioclast supported, polytypic conglomerate (Gbcm). The sequence fmes‘
upward into massive sandstone (Sm), siltstone (Fs), massive mudstone'(me), and

finally laminated mudstone (Fml). As grain size decreases, organic content increases
significantly. This sequence is about 1.8m thick. Moving up-section, the basal unit of the
next sequence is composed of hummocky cross-stratified, medium-grained sandstone.
(Shes) that erodes the upper lithofacies (Fml) of the lower sequence. This sequence |
contains more mud than the loWer one. The sandstone (Shes) fines rapidly upward from -
siltstone (Fs) to- massive mudstone. (Fmm) then laminated mudstone (f‘ ml). This sequence

is 1.9m thick and is conformably capped by a siltstone (Fs).

Interpretation. Facies association C is interpreted as cohesive, subaqueous
sediment gravity flows (Nemec et al, 1984; Bouma et al., 1985; Normark and Piper,

1991). In the first sequence, the massive, matrix supported, intraformational
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Facies Association D
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ofsiltand mud from facies
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Figure 12. Paleoenvironmental descriptions of stratigraphic sections for facies
association D in two localities.
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conglomerate (Gmmi) illustrates many characters of subaqueous debris flows. The
muddy nature of the sand the random or1entat10n of clasts and the lack of" beddlng or -
: gradlng all support th1s 1nterpretat10n (Nemec et. al 1984) ‘Further support comes from
the non-erosive contact Wlth facies association C, where this lithofacies (Gmmi) overlies
wave-rippled sandstone. This portion (Gmmi) of facies association D was deposited in
~ the lower shoreface as described by Castle (1990). The other two mud-rich sequences are
interpreted as the channelized portion of subaqueous turbidity flows (Normark and Piper,
1991). vThe undulating geometry of the basal units, the fining upward sequences, the
abundant plant debris in ﬁne-grained sediments, and the structures present all support this
interpretation (Collinson and Thompson, 1982; Bouma and Stone, 2000). In addition to
features mherent to thls facies association (D) the mterﬁngenng w1th facies association,
B also supports this 1nterpretat10n These turb1d1tes are channeled through the
- interlaminated sands, silts and muds (FI) of interdistributary bays (Bouma et al., 1985).
These channels act as conduits to the distal offshore fan (Normark and Piper, 1991). The
laminated mudstones (Fml) capping these sequences represent suspension settling after |
the turbidity flows. Further discussion of this interpretation fotlows in this chapter under

Shell Bed Geology.

Facies Association E (Figure 13)

Description. Facies association E is 6.2m thick and displays a wide range of
lithofacies variations. These include siltstone (Fs), massive sandstone (Sm), laminated

mudstone (Fml) and laminated claystone (Fcl). Many of the lithofacies present are part of -
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Facies Association F

Distributary channel Z-coal
Gradual clastic
in-filling ofan
interdistributary
lacustrine bay
Interbedded clay, Distributary
mud and silt; channel

organics common

t

no organics

Swampy Interbedded
4 floodplain clay, mud,
and silt; very
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clastic input
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Figure 13. Paleoenvironmental descriptions of stratigraphic sections for facies
associations E and F.
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graded sequences, both normal and inverse. Most sequences fine upward and are usually
less than.one_ meter thick_.. None-of_' the basal sandstones contain rip-up clasts. Contacts
'1'1-1ay be sharp, but they afe never erosiw’)e. As a whole, organics are very rare tﬁéﬁgﬁbut
this facies association (E). A few badly weathered bone fragments were fqund in one of
the sandstones. These fragments were alwaﬁrs less than 10cm in length. The lower contact
is conformable with the upper laminated mudstone (Fml) of facies association D. The
upper contact is very sharp, changing from a siltstone (Fs) to an organic-rich laminated
mudstone (Fml). The outcrop of ﬂ’uS facies association (E) in the field 'a1;ea is highly
vegetated and pedogenically alteréd. Any bedforms or sedimentary structures that may

have been present are no longer observable.

Integpretaﬁon. The lacl:k- of sédimenfary structu;res in facies association E and the"
limited exposure makes its interpretation problematic. The lack of plant material may be
the result of a highly oxygenated system facilitating decay, or it rﬁay simply reflect
taphonomic process (Spicer and Wolfe, 1987). The gradational contacts of individual
lithofacies sﬁggests velocity changes by the mode of deposition (Miall, 1996). The
relatively thin, fining-upward sequences containing non-erosive sand ét the base likely
represent 'sedimeﬁt pulses prograding into standing water (Picard and High; 1972). The '_'.
relatively thick .sets (50‘cm-1050m) of la.minatea muds (Fml) and clays (Fcl) represent
suspension settling over extend'ed periods of time without coarse-grained clastic input

(Elliot, 1978). The single occurrence of an inversely graded unit at the base of this facies

-association (E), siltstone (Fs) to fine-grained sandstone (Sm) about 2m thick, represents a

mud-dominated lower shoreface (Pujos and Javelaud, 1991). Overall, based on the
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stratigraphic position of lithofacies, facies association E represents the clastic in-filling of

an interdistlibutéry bay (Hancock, 1975; Ayers, 1986).

Facies Association F

Description. Facies association F is dominateci by fine-grained lithofacieé with the
exception of threé minor sandstone units and one coal _unit. The fine-grained lithofacies
present include siltstone (F S), massive iﬁudstone (me)? laminated mudstone (Fml) anci
laminated claystone (Fcl). These lithofacies are typically thin and highly iﬁterbedded.
The three sandstone units present are ali less than 50cm thick and have an erosional
scouring base (Se). Two of the three can be traced laterally, where they pinch-out into
fine-grained Beds. A lignite coal (C) is the uppermost unit in this facies association. This
.is recoghizéd as the “Z-~coal”, Which represents the Crétaceous—Teftiary b(’)un'de;ry in th‘ez
-study area. As a whole, organic material is very common in concentrated amounts
throughout facies association F. Many of the la'minated claystones (Fcl) are on the verge
of lignite coal classification. The lower contact occurs sharply‘between an organic-rich
mudstone and the uppermost siltstone of facies association E. The upper contact does not
exist due to erosion. The coal at the top of this facies association is the highest point in

the Mediate study_ area. The overall thickness of facies associatibn F is about 7.5m. .

Interpretation. Facies association F is interpreted as a ﬂuvio-lacustrin‘e system -
consisting of low energy, swampy shallow ponds and back-swamp floodplains with
intermittent distributary channels Cﬁce and Gautier, 1983; Ayers, 1986; Fastovsky,
1986b; Reading, 1996; Davies-Vollum and Wing, 1998). A low energy system is

indicated by the laminated fine-grained lithofacies as well as the abundant laminated
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organic material, all of which suggest suspension settling (Miall, 1996). The erosional
| __scouring sandstones (Se) represent small distributary channels avulsing through - -
| lanﬁna'ted swamp sediments (Davies-Vollum and ng, 1l998).~The brésé;vatfoﬁ of
organic rich-mats within laminations represents an anoxic environment with minimal
clastic input (Reading, 1996). This facies as:socia_tion (F) denotes a transition from clastic-
dominated lacustrine sedimentation to organic-rich, minimized clastic back-swamp

sedimentation (Ayers, 1986).

. Shell Bed Stratigraphy and Geology

The shell bed is located in the upper third of the Hell Creek Formation. It crops
.~ out approximately 17m below the “Z-coal”, or K-T boundary. The shell bed delineates
the basal portiop of facies association D. It is intimately éonr;ected with the fining
uplward sequénce ébove; This is evident based both on structure and geometry.
Interfingering of the shell bed and the fining upward sequence occurs with lithofacies Fl
and Fmm. The cross—sec;tion of this sequence illustrates-a concave body with thin limbs
(Figure 14a). The undulated basc of th'e'?sheltl. bed pushes into the underlying mudstoncs
and siltstones, creating soft sediment deformation structures. The shell assemblage is
25cm thick in the céntér and thins t(; <10c;m on the limbs. The width of the assemblage -
varies with thickness. In the lower thick portion, the width is 0.85m. From distal limb to
distal liﬁb the bed varies around 2.5m. Additional ouﬂyilig shells also occui. The shells
are randomly Qriented, tightly packed and very crudel'y gra&ed. Most of the smiaii

gastropods are concentrated towards the top of the assemblage, although they do exust
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Figure 14. a.) Cross-sectional view illustrating the geometry of the shell
bed. Note the channel-like form created in the underlying and
lateral interlaminated fine sand,silt and mud. The upper
portion of the shell bed sequence is capped by homogeneous
mudstone.

b.) Close up cross-sectional view of the shell bed assemblage.
Shells show tight packing and random orientation. The unit
underlying the shell bed shows soft-sediment deformation.



47

throughout. Organic material, including charcoal and macerated plant fragménts; is

intertwined with the poorly sorted matrix of the assemblage.

" Due to the badlands topography, the shéﬂ bed Crops out in several 10(':a:1iﬁes of the

study area. The outcrops are reliably correlative to each other, therefore allowing accurate

- calculations to be made regarding the paleofo'pography. The shell bed decreases in ‘

elevation from southwest to northeast. Precise elevation measurements were obtained at

five different outcrops over 650 meters. The regional dip of the Hell Creek Formation is

' roughly 1.5 degrees. Taking this into consideration, the shell bed has a calculated plunge

of 7.3 dégrees trending 48 degrees northeast.
Interpretation ‘

The shell bed (Gbem), as thé basél member of facies association D, is interpreted
to represent the coarse lower member of a channel-constrained turbidity flow (Middleton,
1967; Bouma and Stone, 20605. Two- dimensional evidénce ‘and support for thi‘s
interpretation is discussed in Facies Association D of this chapter. The geometry,
interfingering relationships and the degree of plunge all add signiﬁca.nt support Fto this
interpretation (Bouma et al., 1985). The concave shape with thimﬁng limbs, the

diménsioné, the lithofacies relations and the plunge are all concordant with the channeled

portion of turbidity flows (Normark and Piper, 1991). Overall, the shell bed is interpreted

as the basal portion of a channeled turbidite that flowed into an interdistributary bay of a

lake.
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CHAPTER 4
' TAPHONOMIC DATA

Taxonomic Data

The shell bed assemblage is predominanﬂy composed of mollusks, nearly all
identifiable to a species level. Charcoal and plant fragments are somewhat common, yet
the majority is unidentifiable to taxon. Minor vertebrate elements exist within the
assemblage, alfthough fragmentary and rare. An associated ceratopsian skull (MOR 1110) -
- was found in close proximity to the shell bed but not within it. The skull lacks any signé
of significant transport. Abrasion and breaks are absent. All of the crémial elements
represent weathering stage; 0 deséribeci by Behfensmeyer ( 1978). :

The molluskan fauna present is dominated by pelecypods with a significant
proportion of gastropods. The pelecypods belong to -family Unionidae, of which five
genera were identified (Russell, _1 976; Hartman, pers. com.). These include Plethobasus,
Pleiodon, Plesielliptio, Proparreysia, and Quadrula. Fifteen individual species were
identified from these genera. Based on shell morphology and extanf rélatives, these
" species are inferred to have lived in high energy, fresh water environments (Hartman and
thm, 1996). Three gener.a of gastrc;pods were also identiﬁed, including Viviparus,
Lioplacodes, and Campeloma. Four species were satisfactorily identified, one of which
was determined to be a new species by Hartman. Molluskan species idenﬁﬁed are |
presented in Table 4. All species identified temporally coexis‘éed (Hartman and Kihm,

1996; Hartman, 1998).
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Molluskan Fauna of the She‘ilhBed Assémblage

Class | Genus Species

Pelecypoda Plethobasus aesopiformis
Biesopoides
Plesielliptio whitfieldi
gibbosoides
brachyopisthus
Pro'parreysz'a . verricosiformis
barnumi
percorrugata
letsoni
. retusoides
corbiculoides
paucinodosa
pyramidella
 Pleiodon ' Do
Quadrula " cylindricoides
Class Genus Species
Gastropoda Viviparus thompsoni
o : - sp.
Lioplacodes limneaformis
tenuicarinata
Campeloma . Sp. nov. 4

Table 4. Taxonomic breakdown of the mollusk species present in the shell bed.
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Vertebrate elements presént within the shell bed were highly fragmented and
mostly small. An aﬂémpt to identify elements to a low taxonorﬁic level was determined.
to Be ﬁnneceésary for tﬁe purpose of ﬂns .stud3". The common .e;lemexits prese'n-t‘ iﬁcluded
garfish scales, turtle scutes, crocodile teeth and bone fragments, and chamiasosa_ur and
fish vertebrae. Two large, badly weathered vertebrae were found, both belonging to a

ceratopsian (Horner, pers. com.). -

Shell Articulation and Modification

Articulation is defined as the connéctedness of skeletal shell parts based on life
morphology, including halves or segments (Kidwell and Holland, 1991). At first glance,
- the shells appear highly weathered and disarticulated in outcrop. Howeve;r, this is simply
la reéult of modern surficial Wéathering. Careful excavation reveaied that ;1 majority (;f thel
shells were articulated. In many cases, the ligaments of pelecypods were actually Well
preserved. Disarticulated specimens tended to encompass the ﬁail, léass robuist species.
Nonetheless, even in these species, many individuals were articulated. Overall, the degree
of articulation is greatef than 90%. Such high levels of articulation in pelegy}iods reflect
infaunal .habitats, intact connective tissue and the strong fit of skeletal elements ‘
(Alexander, 1990; Martin, 1999). |

Shell modification includes abrasion, desiccation and breakage (Driscoll, 1967).
Parameters ‘invbiving transport, such as flow velocity and suBstrate composition,
inherently affect the degree of shell modification (Driscoll and Weltin, 1973). The degree
of preservation of the shells within the assemblage is extremely high. The surfaces look

as though the specimens died only a few years ago, hence signs of desiccation are absent.
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Abrasion of the shells is minimal to nonexistent, reflected by the level of articulation and
the preservatlon of surface morphology detail.. Many spec1mens especrally members of
the genus Plesielliptio, possess a remarkably well preserved 11gament The only breakage
that occurs is post-fossilization, developed by lithostatic loading (Martin, 1999). Shell
surface modification is at an absolute minimum. This minimal surface modification
reflects non-abrasive transport with respect to shell-shell collisions and a non-abrasive

substrate (Feldmann and Palubniak, 1975).

Shell Orientation

The orientation of individuals within the assemblage is random, demonstrating no
preferred direction of flow (Figure 14b). At _the base of the assemblage, many of the_ ‘
shells are pushed into the underlying muds and silts. Shell’ to shell contacts predominate ‘
- throughout the assemblage. The top of the shell bed contains some individuals which
“float” into the overlying sand. Size distribution of pelecypods is ambiguous, lacking any’
-sense of grading, a common feature of high density flows (CoIlinson and Thompson,
1982). However, small gastropods are more concentrated near the top of the shell bed.

- The same is not true for large gastropods. This li’kel’y reflects a relationship between
surface area and .buoyancy (Mairtin, 1999). One speciﬁc point of interest, noted .at only.
one locality as a single occurrence, involved escape structures associated with a vertically
oriented specimen of Plesz'ellz'ptz‘o gibbosoides. This demonstrates that at least this
individual was alive at the time of deposition. Based on the associated sedimentology,

level of articulation, and shell orientations there are no signs of biologic or physical
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reworking within the shell bed. The assemblage reflects the initial process of deposition,

in that no evidence of rewofking_could'be demonstra_ted'(Kidwell and Bosence, 1991).




|
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CHAPTER 5
" DISCUSSION. |
- Interpretation

The shell bed assemblage provides an interesting and rare example of a terrestrial

molluskan accumulation. Lithofacies associations, shell bed architecture and taphonomic

data suggest that the shell bed represents single event;deposition.

In the large scope of depositional events in the study area, the shell bed records

. only a single minor event. Overprinting this single event, a significant transition is

recognized in major modes of deposition through the upper third of the Hell Creek

- Formation in the study area. Three distinct déposystems can be recognized.

The first deposystem is dominated by a large, tidally influenced meandering
channel belt (Jackson, 1’98.1; Smith, 1987). Eberth and Brinkman (1997) have suggested
that the effects of tidal influence in the Upper Cretaceous of Alberta may have occurred
as far inland as hundreds of kilometers, in exclusively freshwater systems. Thié system

was characterized in facies association A. Sedimentary microenvironments include

" floodplains, crevasse splays, channel scours, lateral accretion bars and mud drapes. Asidé

from the likelihood of a tidal influence, the heterolithic couplet comprising facies Seh
may be representative of sporadic large-scale storms which created hydraulic backwater
effects (Thompsan et al., 1987, Wood et al., 1988). These backwater events may have

allowed for the depbsition of the non-cyclic mud drapes. In this system, the amount of




54
clastic input was substantial, highly outweighing that of organic accumulation. This
fluvially domlnated system abruptly changes up-sect1on This abrupt change glves nse to.
- the second deposystem recogmzed in the study area. | |

The second deposystem is dominated by lacustrine facies attributed to a large
transgressing lake (Clifton, 1976; Castle, 1990). Facies associatiens B,C,Dand E
characterize this deposystem (Figure 15). Marginal swamps and interdistributary bays
circumvented the lake margin, interpreted from the presence of facies association B
(Picard and High, 1972; Behrensmeyer et al., 1992). Distributary bars prograded into the-
standing lake waters, disturbing the saturated muds and silts of the lake bay ﬂoor as seen
in facies association C (Elliot, 1978; Wheeler, 1983). The sandy bars were consequently
reworked by wave energy as demonstrated by preserved sedlmentary structures inherent
to the lower and upper shoreface as well as the swash zone (Castle, 1990) Subsequent to.
establishment of the shoreface, possible flood events or distributary channel avulsions
transported mollusks and coarse-grained sediment through the marginal swamps,
eventually emptying their load into subaqueous channels of the lake (Middleton, 1967;
Normark and Piper, 1991). Support for a channel passing through the swamp is drawn
from the presence of macerated plant debris as well as interfingering with the swamp
 facies. The sedrment' and mollusks were then transported via turbidite channels to. bay-
floor fans (Bouma, et al., 1985 ; Bouma and Stone, 2000). However, only one of these
channeled event deposits contained mollusks. An intraformational non-channeled
sediment gravity flow (Gmmi) overlies the lower shoreface at lateral equivalence to the
shell bed.‘ This may have been produced by the same event that triggered the shell |

transport. After initial deposition of the coarse lower members of the channeled turbidite




Figure 15. Paleogeographic reconstruction of an interdistributary lake bay being fed sediment by crevasse splays from
a meandering river system. Marginal swamps surround the bay. Turbidity channels carry sediment to the bay
floor. The enlarged rectangle shows the cross-sectional view of the turbidity channel containing the shell bed
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flows, thick mud beds were deposited preventing the escape of any living individuals.
These turbidity events were followed by suspensmn settling of mud lammatlons
'Eventually, the 1nterd1str1butary bay beglns to fill with clastlc sediment shown by fac1es
assoclatlon E (Hancock, 1975; Ayers, 1986) Organic material becomes very rare,
possibly reflecting oxygen-rich water (Spicer and Wolfe, 1987; Reading, 1996). Pulses of
sand and silt enter the lake, creating normally and inversely graded sequences. This
marks the transition to thé third deposystem.
The third deposystem recognized ié characterized in facies association F. There is

a significant decrease in clastic sedimentation. Grain sizes consist of mostly silt, mud and
clay. Organic laminae increase in thickness and abundance. Cal;bonaceous claystones are
very common due to tbe.decreas_e in clastic input (Ayers, 1986). Minor sandy djstributary
channels exist, but are not common (F asto{Isky, 1986b). This denotes pondedy depressions
in a back-swamp floodplain with intermittent distributary channels (Rice and Gautier,
1983; Ayers, 1986; Davies-Vollum and Wing, 1998). From this last dbposystem, ﬂe

- transition occurs to the coal beds of the Tertiary Tullock Formation.

Time-Averaging and Paleoecology

In aci&i;cion tb the sedimentological features of tbe sbeﬁ bed in the lacustribe
system, taphonomic data clearly indicate event-deposition. Even though a maj oﬁty of the
- -shells were allochthonous to tbe lake, all species temporally coexisteci (Russell, 1976;
Hartman, 1998). All specimens demonstrate similar degrees of articulation and surface.

modification, silggesting‘a primary deposit (Kidwell and quence,, 1991). The high levels

of articulation, ligament preservation and at least one instance of escape structures,
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suggests that the‘ mollusks were alive at the time of deposition (Dﬂscoll, 1973‘;‘ Fﬁrsich
. and Flessa, 1987) Physwal and blologlcal reworkmg was inhibited by thick
| 'homogeneous mud capplng the dep031t All of the features of the shell bed 1nclud1ng
random shell oﬁentation, are concordant with event-concentrations as described by
3 Kielwell' (1991). Since turbidity flows are recognized in modern systems to occur ox}er a
short duration (usually less than an hour) and all of the speciee present teinporally
coexisted while illustrating similar degrees of modification, it is reasonable to say that

time-averaging in the shell bed is absblu’tely minimal (Kidwell and Bosence, 1991;

Bouma and Stone, 2000). Time-averaging may be minimal for the mollusks, however itis . -

| quite likely that the fragmentary and badly weathered vertebrate remains reflect
‘reworking‘ _(Behrensmeyer',_ 1978). These eleinents‘may have been incorperated inthe
sheil bed frem pre-existing def)osits. Most of the elements were smell and easily
transportable. |
All of the mollusks vvitﬁih the shell bed, with the exception of one species of
‘gastropod, are interpreted to be high energy channel dwelling species (Russel»l, 1976;
Hartxﬁan, 1998). Since the deposit is part of a turbidite sequence, itis necessary to realize
that the mélusks were transported from the environment m which they lived.
Nenetheless, transp6rt was likely minimal as indieated by high degrees of articulation
and minimal surface modification (Driscoll, 1967; Feldmann and Palubniak, 1975) The - |
channel where the mollusks lived was near the lake where they were deposrced The high
proportion of plant material in the deposit reflects transport through a plant rich area,
such as a marginal swamp (Picard and Higﬁ, 1972). The cause of death for the mollusks

is rather simple. The turbidity flow carried the mollusks in subaqueous channels. Inherent
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to ﬁne-grained turbidite deposition, thick homogenous mud capped the sequence (Bouma -
| and Stone, 2000) Th1s s1gmﬁcant1y depleted oxygen in the unit. and prevented escape
¥ urs1ch and Flessa 1987) Essentlally, the mollusks were buned and asphyx1ated ThlS

lack of oxygen also 1nh1b1ted bacterial decay, allowing for the high level of preservatlon

(Reading, 1996).
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CHAPTER 6
CONCLUSIONS

Recently, the discqvgry of a large extensive sheli bed in the Upper Cretaceous
(Maastrichtian) Hell Creek Formation of eastern Montana yielded an ex’;raordinary
assemblage of .well-preserved mollusks. The assemblage contained mostly pelecypods
with sbme gastropods. Sedimentological evidence suggests that the deiaosit represents the
coarse lower member of a channel-constrained turbidity flow. Interﬁngeﬁﬂg facies
a'ssoc‘iations‘ and paleoecology imply that the deposit consistéd of transported m?ilterial
from a channel environment, which passed through a margiﬁal swamp and evenfual‘ly '
emptied into subaqueous lacustrine turb'idite'charme.ls feeding a bay-floor fan. * -

Transitional modes of deposition record three distinet depoéystém regimes in the |
study area. The first consists of a tidally influenced meandering channel belt indicative of

| a coastal fluvial system. Paleo-micrbeﬁvironments include floodplains, crevasse splays
and large channels. The second deposystem is characterized as fluvial-lacustrine.
Subaerial paleo-microenvironments include marginal swamps, distributary bars,
.backshore mudflats and ponds, swash zones anc_l srn_all distributary channel‘s; Subadueou§
paleoémi'croenviroﬁménts include interdistributar.y. bays; lowe} anci upper shorefaces and
turbidite systems. The third deposystem marks a transition to a clastic supply-limitéd
environment. This deposystém is characterized as a back-swamp floodplain rich in
organics with minimal clastic input by small intermittent sandy channels. This

deposystem is the transition to the coal-rich units of the Tertiary Tullock Formation.
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Eight different molluék genera w1th a total of twenty species were identified from
the sh;:ll bed. All spe.ci_es within the assemblage f:emporally coexisted. Most individual .
species possess robust morplis.logies iﬁdicétive of hlgh enerlgy ghémnel environments.
One genus of gastropod could thrive in both channels and standing bodies of water, such
as lakes. Shells within the assemblage are randomly oriented with no distinct grading.
Articulation of individual shells is greater than 90%. Abrasion and surface modification
is minimal to nonexistent. The only shell breakage is post-depositional caused by
lithostatic loading. All of these parameters are concordant with infaunal event-deposition, ‘
demonstrating absolutely minimal time-averaging.

Subsequent to their deposition, ihe mollusks were protected from any possible
escape, physical or biologiga} reworking and bacterial decay. The ,shclls were
irﬁmediétely capped by a thick homogeneous mﬁdstone irﬁmediately after deposition.
This is concordant with the processes of fine-grained turbidity flows. The thick mudstoﬁe’
cap facilitated preservation by creating an 6xygen’-depl‘eted realm, reducing the
possibility for bacterial decay as well as hindering sedimentologic and biologic

reworking mechanisms.
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