ABSTRACT

The bivalve fauna of the Fox Hills Formation, Maestrichtian, of
North Dakota was studied in an attempt to modernize the
nomenclature of known bivalves, describe new forms, interpret the
relationships of members of the formation, and establish the
paleoecological setting in which the Fox Hills was deposited.

The Fox Hills Formation crops out in Logan, Emmons, Sioux,
Morton, Burleigh, Kidder, Pierce, McHenry, Bottineau, and Bowman
counties in North Dakota. It is best exposed along the Missouri River in
south-central North Dakota. Traditionally, the formation has been
subdivided into four members, all of which are exposed in the type area
of the formation in north-central South Dakota. In North Dakota,
however, the lowermost Trail City Member cannot be lithologically
recognized and, therefore, only the Timber Lake, Bullhead, and Colgate
members, in ascending order, have been recognized. Lithologically, the
Timber Lake Member consists of medium- to fine-grained sandstone,
Which is either unconsolidated or loosely cemented. This unit becomes
increasingly crossbedded toward the top. The Bullhead Member consists
of a sequence of intercalated sandstone and shale which is essentially
devoid of bivalves. The uppermost member, the Colgate, consists of
light colored greywacke sandstone.

Forty-two species of bivalves were identified from the Fox Hills
Formation in North Dakota and arranged in twenty-five genera. This
number included three hitherto undescribed species. Three other
species which are characteristic of the Cretaceous of the Eastern
Seaboard were identified for the first time from the Midcontinent.

Using ecological data derived by studying the ecology of recent
bivalves of the same genera as those collected in the Fox Hills
Formation and the sedimentologic data, it was concluded that the Fox
Hills Formation in North Dakota represents the littoral and shallow
subtidal sedimentation unit of the retreating Cretaceous epicontinental
seaway. Data from the bivalves indicated that, in general, water depth
decreased from about 80 fathoms to 0 fathoms from the base of the
formation to the top, an observation which is further strengthened by
sedimentologic evidence. These data in conjunction with those derived
from the presence of a volcanic ash bed occurring in several parts of
Emmons, Sioux, and Morton counties, which transcends the member
boundaries, indicate that the members were being deposited
penecontemporaneously across central North Dakota. At the time that
the strand line, now represented by the Fox Hills-Hell Creek boundary,
occupied the area of central Sioux County, the Pierre-Fox Hills
boundary would have occupied an area in central Emmons County



forty miles to the east. Deposition of the Timber Lake Member was
normal marine, whereas that in the area of Bullhead deposition was
apparently brackish, probably as a result of restriction caused by
development of barriers in the area of the upper Timber Lake Member.
The Colgate Member represents the strand line of the Fox Hills seaway.

INTRODUCTION

Purpose

This study is an attempt to unravel a portion of the history of the
Fox Hills Formation in North Dakota. This unit, deposited in the last
stages of marine inundation of the Midcontinent during the Cretaceous
Period, represents not only a long sequence of deposition in the area of
North Dakota, South Dakota, Montana, Wyoming, and Colorado, but
also affords some key to the development of the Rocky Mountains,
which were tectonicaﬁ,y active during this period and shed sediments to
the east, forming the Fox Hills Formation.

During the summers of 1962-64, I studied the Fox Hills
Formation throughout North Dakota, visiting virtually every known
outcrop of that unit in the state. The purpose of the study was to
describe the bivalve fauna of the Fox Hills Formation and to determine
as nearly as possible the paleoecological setting in which the Fox Hills
Formation was deposited. The study entailed carefully collecting all
fossils that could be found, piecing together the stratigraphic sequence,
identifying the fossils, and attempting to portray, as accurately as
possible, the geological setting at the time of deposition of the
formation. The conc%usions are, of necessity, restricted in that not all of
the fossil groups represented in the formation have been studied, and in
that the exposures of the Fox Hills in North Dakota, as first indicated
by Leonard (1906, p. 75), are in no way extensive, resulting in
considerable difficulty in piecing together a complete stratigraphic
section.
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Location and Physiography

The outcrops of the Fox Hills Formation in North Dakota are
widely scattered (Fig. 1). The most extensive area of Fox Hills exposure
is in the south-central portion of the state in Sioux, Morton, Emmons,
Burleigh, and Logan counties along the Missouri River. Two smaller
areas in which the formation is seen, somewhat less well exposed, are
the north-central portion of the state in Bottineau County and the
extreme southwestern part of the state in Bowman County. In the
latter two areas, however, exposures of the Fox Hills are extremely
limited, no fossils were found, and only limited work was done.

The areas of Fox Hills exposure lie within three different
physiographic regions of the Midcontinent. The portion surrounding
the Turtle Mountains occupies a small part of what has been called
(Fenneman, 1931; 1938) the Western Lake Section of the Central
Lowland Province. The area adjacent to the Missouri River as well as
the area of outcrop of Bowman County in the southwestern portion of
the state is in the physiographic region designated as the Missouri
Plateau Section of the Great Plains Province. The former area is in the
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glaciated portion of the Missouri Plateau; the latter in the nonglaciated
portion of the Missouri Plateau. The physiographic expression of these
various areas plays a rather fundamental ro%e in the study of the Fox
Hills Formation in that the majority of the area has been glaciated. The
result is a rather subdued topographic setting in which exposures of

bedrock are restricted. This cover is wide-spread enough that, in the
regions surrounding the Turtle Mountains and adjacent to the Missouri
River, exposures are found only along streams and highway ditches.
Generally speaking, the area is given to agricultural usage and exposures
of bedrock are limited to extremely small areas. The nonglaciated
portion of the Missouri Plateau affords somewhat better exposures.
However, the Fox Hills is considerably thinner and is apparently devoid
of fossil material in this area.

The areas in North Dakota in which the Fox Hills is exposed fall
into two distinct climatic zones. The areas east of the Missouri River
fall within the bounds of the interior subhumid lands (Trewartha, 1941,
p- 168) and are characterized by an average annual precipitation in
excess of 16 inches (Bavendick, 1941, p. 1053) and a tall grass prairie
flora (Wheeler and Wheeler, 1963, p. 67). The area west of the Missouri
River is characterized by semiarid climate (Thornthwaite, 1941, p.
178). Here, rainfall varies between 14 and 16 inches (Bavendick, 1941,
p. 1053) and the flora is characterized by mixed and short grasses
(Wheeler and Wheeler, 1963, p. 67).
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The accumulation of knowledge about the Fox Hills Formation in
North Dakota and closely related areas has been sporadic and, with the
exception of two periods nearly a century apart, extremely slow.
Apparently the first recorded mention of the beds that were later to be
called the Fox Hills Formation was that by Lewis and Clark on October
18, 1804. They noted (Thwaites, 1905, p. 198), . . . above the mouth
of the river Great numbers of Stone perfectly round with fine
Grit....” The stones to which they referred were large sandstone
concretions in the Timber Lake Member of the Fox Hills Formation.
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localities in south central North Dakota.

The river mentioned had earlier been named Le Boulet, or Cannonball,
by French trappers (Thwaites, 1905, p. 198) who had also noticed the
structures.

Observations similar to those by Lewis and Clark were made by
Alexander Philip Maximilian in 1833 (Thwaites, 1905, p. 338). Not
only did Maximilian observe the concretionary structures, but he also

FIGURE 1. Location map showing distribution of the Fox Hills Formation in North Dakota and collecti




noted the dip of the units to the northwest, into what is now called the
Williston Basin. The observations of Maximilian were, however,
apparently nothing more than minor points of interest, and it was left
for Edward Harris to make the first truly scientific observations.

Harris traveled up the Missouri River with John James Audubon in
1843 to study the birds and quadrupeds of the area. Although Harris
was an agronomist, he had a remarkable ability to observe natural
phenomena and made the first significant statements concerning the
stratigraphy and structure of the area through which he passed. Notable
among these are the following comments concerning the beds that were
later termed the Fox Hills:

About 40 miles below the Mandan Fort the shale and clay formation first noticed
below the great Bend disappears below the bed of the river, the Stratum which
overlies it I believe to be the brownish stone seen soon after leaving Fort Pierre, I
have had no opportunity whatever of examining this Rock and cannot speak of its
character. On passing the mouth of Cannon Ball river yesterday we noticed a
remarkable formation of this stratum of round masses of the rock in the divisions
of the strata many of them apparently perfectly spherical and from 18 inches to
30 inches in diameter, some are as perfect as cast balls and others appear to be
flattened or composed of two sections of a sphere, from a smaller arc up to a
hemisphere, joined together with mathematical nicety, and surrounded by a belt
of zone at the junction, which zone corresponds with the line of division of two
strata. (McDermott, 1951, p. 89-90.)

Unfortunately, although Harris was encouraged to publish his diary, he
took no action in that direction. The first complete publication of his
notes was not made until 1951 (McDermott, 1951, p. IX) and,
therefore, his observations were not publicly available until long after
other workers had completed far more extensive works.

Somewhat earlier than the work of Edward Harris, S. G. Morton
published a paper (1839) describing several new species of organisms
collected from the Cretaceous of the Midcontinent and at the same
time proposed a correlation of the Cretaceous units located in the
Midcontinent with those of the Eastern Seaboard. This work closely
followed what has been described (Merrill, 1924, p. 117) as the first use
of fossils for correlation in the United States. His earlier work,
published in 1828, was a study of the Tertiary sediments of the east
coast. In his work in 1839, Morton attempted to piece together the
record of the Cretaceous System as it was known in the country at that
time. He did so by dividing the Cretaceous into three divisions, the
“upper,” “medial,” and “lower.” The upper unit was presumed to be
the “Nummulite limestone” found in Alabama. It was characterized by
an absence of annomites but the presence of Nummulites and the
cephalopod Nautilus. The medial Cretaceous Morton thought to be
represented by deposits from Vincentown to Salem in New Jersey and
correlated with the White Chalk in England and France. The medial

Cretaceous was then characterized by the fossil Belemnites ambiguus.
The lower unit consisted of a ferruginous sand from Martha’s Vineyard
to South Carolina and then west across the Mississippi River into the
Midcontinent: This unit Morton correlated with deposits between the
“White Chalk” and the “oolite” in Europe. The lower unit was
characterized by an abundance of ammonites as well as the marine
reptile Mososaurus. Although Morton also named a number of new
species in this work, by far the most significant aspect of the study
involved the observation that the Cretaceous deposits along the eastern
seaboard were related, at least temporally, to those in the
Midcontinent. Morton did not present a stratigraphic section at this
time, but his work still stands as monumental in that he had, by this
time, fully demonstrated the use of fossils for correlation in the United
States.

Although several other explorers, trappers, and adventurers visited
North Dakota and South Dakota during this same period and made
significant contributions in the fields of paleobotany and vertebrate
paleontology, nothing more was done with the Fox Hills stratigraphy
and paleontology until 1853. In that year James Hall, State Geologist
of New York, instructed Dr. Fielding Bradford Meek and Dr. Frederick
Vandiveer Hayden to travel up the Missouri River to Fort Pierre and to
study and collect the Cretaceous and Tertiary fossils of that region.
Although the expedition was primarily designed for the collection of
vertebrate fossils (Meek, 1876, p. XXII), many invertebrates were also
collected along with detailed data concerning the stratigraphy of the
area. This trip, and subsequent trips by Hayden provided the nucleus of
stratigraphic and paleontologic data from which was constructed the
first comprehensive study of the Cretaceous and Tertiary of the
Midcontinent. Their material was originally published as a series of
taxonomic papers.

The first of these (Meek and Hayden, 1856) also contained the
first known stratigraphic section of the beds in North Dakota and
South Dakota (Fig. 2). Essentially the same section was given in 1857;
however, at this time the original estimates of thickness were somewhat
revised (Meek and Hayden, 1857, p. 63). These sections subdivided the
Cretaceous System in the Midcontinent into five units of which the Fox
Hills Formation, then referred to as Unit 5, was described as 100 to 150
feet of “grey and yellowish arenaceous clays containing great numbers
of marine Molluska with a few plants” (Meek and Hayden, 1857, p.
63). This section underwent still further modification and was
published in final form, for the first time, in 1861 (p. 419). At this time
the units, which had previously been given numerical designations, were
assigned names based on areas of typical exposure. The names Dakota,
Fort Benton, Niobrara, Fort Pierre, and Fox Hills, formed the
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FIGURE 2. Summary of stratigraphic sections of the Fox Hills Formations in North Dakota.

framework of the standard section of the Upper Cretaceous in the
Midcontinent.

Following this short burst of activity, Hayden served as a doctor
with the Union Army and Meek became involved in investigations for
several state geological surveys. Further work on the Cretaceous of
North Dakota was, therefore, not completed until 1876. In that year,
Meek completed a monographic tome dealing with the stratigraphy and
paleontology of the Cretaceous and Tertiary of the “upper Missouri
country.” This document, published under the auspices of Hayden’s
United States Geological Survey of the Territories, is a thorough, well
illustrated, relatively modern treatment of all Cretaceous and Paleogene
fossils known from the area to that date. It serves as a fitting tribute to
Meek who died in the same year. It is still considered a standard
paleontological reference for the area.

In the twenty years following the work of Meek and Hayden, little
was done concerning the study of the Fox Hills in North Dakota.
However, in 1879, Stevenson published a paper dealing with the Fox
Hills group in Colorado, thus extending it about as far south and west
as the unit had, to that point, been carried. The next work in North
Dakota was that of Todd (1896). Todd studied the glacial deposits
along the Coteau du Missouri and reported Fox Hills sandstone in
several localities in Kidder, Burleigh, and Emmons counties. He also
reported the presence of leaves collected from well cuttings in Kidder
County and oysters in a coarse brown sandstone in Emmons County
(1896, p. 56). Following the work of Todd, Babcock (1901) published
the First Biennial Report of the North Dakota Geological Survey. In
this report, Babcock discussed the occurrence of the Fox Hills
Formation in North Dakota and reported it not only from the area
adjacent to the Missouri but also mentioned that it could be found in
the Turtle Mountains and west of Rugby, North Dakota. He further
reported that it was useful as a building stone near the Turtle
Mountains and near Dickinson, North Dakota. Although the Fox Hills
Formation is known to have provided building stone in Emmons
County, no other reference to its use in the area of the Turtle
Mountains is known. Almost certainly, the material referred to near
Dickinson, North Dakota, comes, not from the Fox Hills Formation,
but from one of the overlying units, possibly the Tongue River

Formation of Paleocene age.

In 1902, Wilder presented the first known stratigraphic section of
the deposits in North Dakota. He referred to the Fox Hills “stage” of
the “upper Cretaceous series” and described it as being a sandstone. His
main reference to previous work is to that of Todd(1896); however, he
was skeptical of this identification and stated (Wilder, 1902, p. 42) that
“The reference of these elevated sandstones in Emmons, Burleigh, and



Kidder Counties to the Fox Hills may fairly be regarded as very
doubtful.” Leonard (1904) considered the Fox Hills Formation in
about the same vein as did Wilder in that he included in the formation
the beds adjacent to the Cannonball River in Sioux and Morton
counties, but considered the sandstones exposed on the eastern side of
the Missouri River as being Laramie in age. He further stated that in the
area of the Turtle Mountains the Fox Hills would be buried at some
depth, thereby indicating that the observations of Todd in 1896 were
incorrect. In a later study, Leonard (1906, p. 75) summarized the
knowledge of the Fox Hills Formation in North Dakota as being
extremely incomplete and stated that “on account of the lack of
exposures little is known of the character of the Fox Hills strata in this
state.” He did, however, indicate some knowledge of the geological
setting of the Fox Hills in this area by stating (1908, p. 234) that the
Fox Hills represented the last advance of a seaway into North Dakota.
He also indicated that the relationship between the Fox Hills
Formation and the overlying units is one of unconformity, having
noted an erosional surface at the top of the Fox Hills along Little
Beaver Creek. This, to Leonard, indicated that the overlying sediments
were “. . . much younger geologically than those beneath” (Leonard,
1908, p. 234).

The publication of the last-mentioned paper represents the close
of what might be considered the first stage in development of
knowledge concerning the stratigraphy of the Fox Hills Formation in
North Dakota. It had started essentially with the work of Meek and
Hayden and at that time reached the peak of its development. From
that time on, however, the unit had been restricted in lateral extent to
the point that very little Fox Hills was recognized in the state by 1910.

The next publication dealing with the Fox Hills in North Dakota
was that of Stanton (1910, p. 172-188) in which he discussed the
uppermost Cretaceous in North Dakota, South Dakota, and eastern
Wyoming. Numerous detailed stratigraphic sections were given,
although none was measured within the boundary of this state.
Included with the sections are rather long lists of fossil species collected
from the various localities and, for the first time, an indication that the
fossils in the Fox Hills Formation may be used for something other
than strictly stratigraphic study. In several places Stanton indicated that
the environment in which the organisms lived could be interpreted by
studying the sediments and the fossil remains. He suggested (p. 178),
for example, that the top portion of the Fox Hills sandstone contained
not only marine but, in many places, brackish water organisms,
including oysters, Anomia and Corbicula and that, therefore, the beds
represented a transition between the marine unit below and the
predominantly fresh-water unit overlying the formation. He also
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suggested that the change in character and thickness of the unit from
Colorado to North Dakota was a function of distance from source and
variation in topographic expression of the source.

Sometime later, Calvert (1912) published a paper dealing with the
economic implications of lignite deposits in eastern South Dakota, and,
in discussing the general stratigraphy of the area, mentioned the
occurrence of what he referred to as the “Colgate sandstone member of
the Lance Formation.” He continued by stating that this unit occupied
the stratigraphic position of the Fox Hills Formation, but that
information provided by plant fossil studies conducted by Knowlton
indicated the age to be Terti rather than Cretaceous. This
information coupled with the total absence of sandstone other than
that which could be attributed to the Colgate Member, indicated to
Calvert that the Fox Hills was definitely not present in Bowman
County. Although further work with the plant fossils in the Colgate
Member will be discussed below, suffice it to say here that the Colgate
Member is now referred to the upper portion of the Fox Hills
Formation and is considered Cretaceous in age.

Leonard (1911, 1912) summarized the fossils collected in the
areas of the Cannonball River and Long Lake Creek and published what
apLEarently was the first geologic map delimiting the extent of the Fox
Hills Formation in south-central North Dakota. It is evident from the
map that the earlier views mentioned by Leonard, regarding the extent
of the unit, had been somewhat modified in that the majority of
Emmons County in which sandstone is exposed at the surface is
mapped as Fox Hills. He did, however, seem to restrict the surface
exposure of the unit somewhat more than would be done today; he
showed the most eastern extent of the unit as about ten miles west of
Linton in central Emmons County. The unit is now known to extend as
far east as the western third of Logan County.

Shortly after Leonard’s map was published, Calvert, et al. (1914)
published a report on the geology of tﬁe Standing Rock and Cheyenne
River Indian Reservations in North Dakota and South Dakota. This
report included an extremely detailed geologic map of the area
portraying quite accurately the extent of the Fox Hills Formation.
They also concluded that the Fox Hills Formation represented a
shallow water unit which is gradational with the Pierre Formation
below and is not separated from the overlying units by any considerable
time span, thus concurring with the earlier work of Stanton. It might be
noted that Calvert, et al suggested two possible origins for the
numerous calcareous concretions present in the formation. They
suggested first that these accumulations represent natural colonies on
the shallow sea floor which were formed, rather than being widely and
evenly dispersed, as small groups or clusters of organisms which were
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later buried and preserved. Secondly, they suggested that it is possible
that these organisms represent accumulations that have been brought
together by wave or current action and rolled into something
resembling a mud ball. Although these concretions have been studied
since that time, apparently no universally acceptable origin has yet been
discovered and the two theories mentioned above seem to be as
reasonable as any that have subsequently been suggested. Following the
work of Calvert, nothing was published directly related to the Fox Hills
Formation in North Dakota until 1937; however, several papers were
published dealing with other areas of Fox Hills exposure which deserve
brief mention here,

Two of these papers (Stebinger, 1914; Bowen, 1915) dealt with
determining the latera}) extent and stratigraphic relationships within the
Montana Group, a term which had previously been coined by Eldridge
(1889, p. 93) and which included the Bearpaw Shale, Judith River
Formation, Claggett Formation, Eagle Sandstone in Montana, and
related units in adjacent areas. Stebinger (1914, p. 67) indicated for the
first time the temporal and lithologic continuity of three units: The
Horsethief Formation, Lennep Formation, and the Fox Hills
Formation, and indicated that they were the uppermost formations of
the Montana Group.

In 1916, Knowlton published a paper dealing with the flora of the
Fox Hills Formation. He dealt primarily with collections from South
Dakota and Colorado. The two most significant contributions of this
paper were that the flora indicated a distinct Upper Cretaceous age for
the unit, and that the ecology of the flora indicated a warm, temperate
climate, probably one near sea level (Knowlton, 1916, p. 87).

In 1929, Dobbin and Reeside resurrected a problem which had
plagued students of the Cretaceous for some time. They concerned
themselves with the contact between the Fox Hills Formation and the
overlying unit which they referred to as the Lance Formation. They
concft’lded that, contrary to the opinions held by several other workers
at that time, no evidence of unconformity exists between the Fox Hills
Formation and the overlying units, and that the variation in thickness
of the unit from Colorado to North Dakota was original and did not
represent an erosional interface. Theﬁ further demonstrated that the
ap’ﬁarent discordant bedding relationships between the beds of the Fox
Hills and overlying units represented either very minor erosional scour
features or cross-bedding or, in some cases, small local fault structures
which again did not represent a major erosional break. They also made
reference to the “Cannonball marine Member of the Lance Formation”
which had been named some time earlier (Lloyd, 1914, p. 248-249).
The apparent similarity of the fauna of the Cannonball and the Fox
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Hills further indicated to Dobbin and Reeside that no major temporal
break could have existed between the time of deposition of these two
units.

By this time the usage of the term “Fox Hills Formation” was well
established in the literature. The major problem that existed at this
time involved determination of the precise location of the upper and
the lower contacts of the unit. This problem arose for two reasons. The
contact between the Pierre Formation and the Fox Hills Formation had
long been recognized as transitional and deciding upon the precise
position for the contact was, therefore, virtually impossible. Most
workers apparently felt that the upper contact, although
unconformable in local areas, did not represent any particularly long
span of time. Lovering, et al. (1932, p. 702-703) attempted to define
the boundaries of the unit and proposed the following definition of the
contacts of the formation:

The base of the Fox Hills Formation shall be considered as the horizon below
which the section is predominantly gray marine clay shales and sandy shales of
Pierre age, and above which the section changes rapidly to a buff brown sandstone
containing numerous large gray to brown, hard, sandy concretions. This lower
concretionary member is commonly overlain by a series of light gray to brown
sandstones and sandy shales.

The top of the Fox Hills Formation shall be considered as the horizon above
which the section is composed predominantly of fresh, and brackish water
deposits accompanied by coals and lignitic shales, and below which it is
predominantly marine.

In a general sense, this definition is still usable today and represents the
consensus of opinion regarding the upper and lower contacts of the
unit,

Several other papers dealing with areas outside of North Dakota
are also significant. Bartram (1937) discussed the regional setting of the
Upper Cretaceous adjacent to the Rocky Mountain front, and in so
doing, mentioned the Fox Hills Formation as representing the
uppermost marine unit in this sequence. Although he did not discuss
the Fox Hills Formation in general, he did suggest (1937, p. 910) that
the term “Fox Hills” should be used in a somewhat more general sense,
and that local names, such as Horsethief, Milliken, Trinidad, and
Lennep should be dropped from the literature. Although this suggestion
seems to bear considerable merit, the preponderance of workers since
Bartram have chosen to avoid his suggestion. In the same year, Dane,
Pierce, and Reeside discussed (1937) the Upper Cretaceous rocks in
eastern Colorado and presented a series of faunal lists for the Fox Hills
Formation. The majority of the species listed from Colorado
correspond to those that have been noted in the type area of the Fox
Hills Formation in South Dakota; however, some of the species
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collected in Colorado, notably Baculites grandis, indicate that the unit
in Colorado is somewhat older than that in North Dakota. This species
is characteristic of the upper portion of the Pierre Formation in North
Dakota and South Dakota.

Following the period from about 1910 to 1940, very little was
done on the ?ormation in North Dakota. A new surge of activity was
then directed towards the study of the unit in this state. The first of
these papers (Laird and Mitchell, 1942) was a study of the geology of
southern Morton County and dealt, in part, with the stratigraphic
relationships of the Fox Hills Formation. This work was essentially a
continuation of the work by Calvert, et al. (1914) in Sioux County,
south of Morton County. Laird and Mitchell mapped the units exposed
in southern Morton County, described their stratigraphic relationships,
and discussed the structure of the unit. A similar study was conducted
by Fisher (1952) in Emmons County on the eastern side of the Missouri
River and adjacent to the areas of Sioux and Morton counties. Fisher
first applied the member terms, “Timber Lake” and “Trail City” to the
lower two members of the Fox Hills Formation. Morgan and Petsch
(1945) coined these terms for rocks in Dewey and Corson counties near
the type area of the Fox Hills Formation in South Dakota. The
mapping and stratigraphic information provided by Calvert et al., Laird
and Mitchell, and Fisher provides much of the basic regional
information upon which the present study is based.

Several other regional studies have been conducted in North
Dakota since the work of Fisher (1952) in which at least brief mention
of the Fox Hills Formation has been made. These papers include Rau,
et al. (1962), Clayton (1962), and Kume and Hansen (1965). These
studies cover Kidder, Logan, MclIntosh, and Burleigh counties in North
Dakota. In all of these areas, a small amount of Fox Hills was noted and
described and has since been restudied by the writer. Another work of
regional scope is that of Lemke (1960), in which the Souris River area
in north-central North Dakota was studied. He noted the presence of
the Fox Hills Formation in two areas in McHenry and Pierce counties.
The outcrop in McHenry County, northwest of Verendrye, is
particularly significant in that it shows the relationship between the
Fox Hills Formation and the next youngest overlying unit, the
Cannonball Formation. In this area the Hell Creek Formation is totally
absent or, if present, represents a very thin interval indicating that this
location is very near the point where Fox Hills and Cannonball
deposition was continuous.

~ The only other study concerning the Fox Hills Formation in
North Dakota in recent years is that of Manz (1962) who discussed the
pozzolanic properties of a volcanic ash deposit near Linton in Emmons
County, North Dakota. This ash deposit, which had first been noted by

14

Stanton (1917, p. 80-81) has since been recognized as having certain
economic as well as stratigraphic importance.

The work on the Fox Hills Formation in North Dakota in the past
fifteen years has been considerably enhanced by similar studies
conducted in the type area of the Fox Hills in north-central South
Dakota. Waage (1961; 1968) has completed a redefinition of the type
area of the Fox Hills Formation. This was prompted by a study of the
unit in the type area in which he found that the original, rather vague,
definition of the type Fox Hills was not adequate to thoroughly
describe the complex nature of the formation. He, therefore, re-defined
the type area to include portions of the Fox Hills Formation which
crop out in Dewey and Corson counties in north-central South Dakota.
In doing so, he has attempted to circumscribe an area in which most of
the lithologic variants are exposed. Three of the members, the Trail
City, Timber Lake, and Bullhead, are typically exposed in this area;
whereas, the uppermost member, the Colgate, which is typically
exposed in eastern Montana, occurs in this area as thin, discontinuous
lenticular bodies. This work has resulted (Waage, 1968, p. 117-138) in
creation of the Iron Lightning Member which includes both the Colgate
and Bullhead members of other workers. Waage (1964, p. 541-563) also
discussed the origin of the fossiliferous concretion zones which have
been noted in the Fox Hills Formation in many areas and concluded
that the concretion layers are a result of a series of mass mortalities
which occurred during the time of the Fox Hills deposition.

Although the studies that have been mentioned do not include all
papers which have discussed the Fox Hills Formation in North Dakota,
they do serve to point out that no work has been devoted strictly to the
Fox Hills Formation in North Dakota. Previous work has been one of
two types, either considering the Fox Hills in regional aspect and only
mentioning North Dakota occurrences in passing, or dealing with
somewhat limited occurrences of the Fox Hills in North Dakota.

STRATIGRAPHY

Definition of Formation

The Fox Hills Formation was named by Meek and Hayden (1862,
p. 419-427) as a unit which consisted of a sequence of silty sands and
sandstone and which represented the uppermost Cretaceous marine
deposits in the Midcontinent. They stated that the formation was most
typically exposed in the “Fox Hills,” which is the eastern end of the
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divide between the Cheyenne and Moreau rivers in Ziebach and Dewey
counties, north-central South Dakota. They further stated that the Fox
Hills Formation could be seen in the area of Long Lake (since presumed
to be general vicinity of Long Lake in Burleigh County, North Dakota)
and in the areas of Sage Creek, White River, Mussel Shell River, and
Milk River in Montana. The Fox Hills was also reported in the area of
the North Platte River in Colorado and along the western margin of the
Black Hills in Wyoming. On the basis of the enclosed fossils they
correlated the unit with the “second Green Sand” in the New Jersey
Cretaceous section (1862, p. 426). Prior to this time, the beds which
are now called the Fox Hills, were called (Meek and Hayden, 1856, p.
63) unit “number five” in the Cretaceous section.

Meek and Hayden were rather cautious in pointing out that the
contacts between the Fox Hills and the underlying Pierre Formation
and the overlying unit, which they referred to in a later publication
(Meek, 1876, p. XLVII) as the Judith River Group were gradational and
extremely difficult to place. In regard to the lower contact Meek and
Hayden (1862, p. 427) stated that

it [the Fox Hills Formation] is not separated by any strongly defined line of
demarcation from the formation below, the change from the fine clays of the
latter to the more sandy material above, being usually very gradual. Nor are these
two formations distinguished by any abrupt change in the organic remains, since
several of the fossils occurring in the upper beds of the Pierre Group pass up into
the Fox Hills beds, while at some localities we find a complete mingling in the
same bed of the forms usually found at these two horizons.

They further stated that, with equal justification, the contact between
the Pierre and the Fox Hills formations could be placed below the
fossiliferous unit which they placed at the top of the Pierre Formation.
They did not do this, however, on the grounds that the greatest
sedimentological changes occur within the fossiliferous horizon. This
contact has been the subject of considerable controversy since the
formation was named and it has now been established, by convention,
that the contact shall be picked, rather than at the horizon selected by
Meek and Hayden, below the lowest fossiliferous horizon.

The upper contact was also described as being conformable and
representing a more or less continuous sequence of deposition. In 1876,
Meek (p. XLVII), in discussing the overlying Judith River, stated that

at the typical locality [of the Judith River Group], it evidently rests upon
well-marked Cretaceous strata belonging to the horizon of the upper part of the
Fox Hills Group; and both have been upheaved together in such a manner as to
show conclusively that there is no discordance of stratification or, in other words,
that they are conformable.

16

This statement, however, leaves one with some question as to
whether Meek and Hayden ever truly recognized the upper contact.of
the Fox Hills Formation as it is presentlz defined. The contact which
they discussed is apparently the contact between the upper part of the
Claggett Formation and the lower Judith River Formation. In the area
of the Judith River, in Fergus County, Montana, the Fox Hills
Formation is not present; however, a relationship similar to that of the
contact of the Fox Hills Formation with the overlying Hell Creek in the
type area can be seen in the contact of the Claggett and Judith River
formations. Although Meek and Hayden make no I:eferer.lce to t}.le
upper contact of the Fox Hills Formation in the Missouri Valley in
North Dakota and South Dakota, it is almost certain that they must
have seen the contact in that area. That this contact is conformable,
and in many places gradational, has since been adequately
demonstrated by Thom and Dobbin (1924) and Dobbin and Reeside

1929).

( 'I)‘he formation has undergone some redefinition since it was
originally described. Both the upper and the lower contacts have been
modiﬁeg since the work of Meek and Hayden. The lower contact has,
in general, been moved down in the section and now generally is taken
to include a good bit of the transitional sequence between typical Pierre
lithology and typical Fox Hills lithology. Lovering, et al. (1932, p.
702-703) were perhaps the first to formalize this modification. They
described the lower contact of the unit in northeastern Colorado and
stated that

The base of the Fox Hills Formation shall be considered as the horizon below
which the section is predominantly gray, matine, clay shales and sandy shales of
Pierre age, and above which the section changes rapidly to a buff to b1:own
sandstone containing numerous large gray to brown, hard, sandy concretions.
(Lovering, et al., 1932, p. 702.)

This definition, as emphasized by Waage (1961, p. 229), was .originally
intended to apply onfy in northeastern Colorado and has since been
somewhat freely interpreted (Wilmarth, 1938, p. 767) as applying to
the entire area of outcrop of the Fox Hills Formation. Although this
definition cannot be used everywhere, it does not seem to be
significantly at odds with the definition used for the placement of the
lower boundary in either the type area of the Fox Hills Formation or in
the area of Fox Hills exposure in North Dakota. The total interval of
the Fox Hills Formation has been further increased at the upper
boundary by the addition of the beds of the Colgate Member (Calvert,
1912). These beds, which are primarily marginal marine 4ep051ts, were,
without question, included in the overlying “great lignite group” by
Meek and Hayden.
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Definition of Members

Careful study of the Fox Hills Formation in the past fifty years
has indicated that a number of members could be subdivided and
readily recognized within the Fox Hills Formation. To date, six
members have been named, of which five are recognizable within the

type area of the Fox Hills Formation and have been traced into North
Dakota.

Trail City Member

The lowermost member of the Fox Hills Formation has been
named the Trail City Member by Morgan and Petsch (1945, p. 13-14).
They described (p. 13) the member as . . . usually a sandy brown or
buft clay near its base, becoming more sandy in its upper parts near the
contact with the overlying Timber Lake Member.” They further stated
that the member is characterized by three to five zones of dense blue
limestone concretions. The lower contact of the member, and,
therefore, the lower contact of the formation, was picked above the
highest “bentonite” [jarosite] in the Pierre Formation and below the
first layer of fossiliferous concretions. This zone is within the
transitional zone between typical Pierre lithology and typical Fox Hills
lithology. The zone of transition varies in thickness from three to
twenty-five feet in the area of type occurrence of the Trail City
Member. Morgan and Petsch did state, however, that no lithologic
change could be seen within this zone, and used instead the uppermost
“bentonite” as the horizon upon which the Fox Hills-Pierre contact was
mapped. This contact has since been modified (Waage, 1961, p. 232)
and has been placed at the lowest occurrence of jarosite in the
sequence. This redefinition, then, provides a somewhat more tangible
basis upon which the lower contact of the unit can be identified.

More recent work dealing with the Trail City Member (Waage,
1961, 1968) indicates that the concretionary layers noted by Morgan
and Petsch can be traced over a considerable distance and consistently
identified by the enclosed fossil material. Waage has subdivided the
Trail City Member into several assembly zones and lithofacies. The
lowermost “unit” has been named the Lower nicolleti Assemblage
Zone. This layer, which occurs from one to eight feet above the
lowermost contact of the unit, is characterized by an abundance of the
cephalopod Scaphites (Hoploscaphites) nicolleti. The second layer, the
Limopsis-Gervillia Assemblage Zone, is exposed about ten to eighteen
feet above the lower nicolleti layer and is characterized by the bivalves
Limopsis striatopunctatus and Gervillia recta. About fifteen to twenty
feet above the Limopsis-Gervillia layer, the Protocardia-Oxytoma
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Assemblage Zone is exposed. This layer is characterized by an
abundance of the bivalves Protocardia subquadrata and Pteria
(Oxytoma) nebrascana.

The latter two assemblage zones are occasionally separated by an
accumulation of large concretions bearing Scaphites (Hoploscaphites)
nicolleti which have been designated (Waage, 1968, p. 67) the Upper
nicolleti Assemblage Zone. This unit is, however, distributed only over
the eastern portion of the type area and is, therefore, much less
extensive than the other zones.

These concretion layers are best developed near the eastern end of
the divide between the Grand and Moreau rivers in the type area. As the
layers are traced westward (Waage, 1961, p. 234) along the divide, the
faunal assemblage of each of the zones appears to change and the
characteristic fossils from which the zonal names were taken may be
totally absent. As will be discussed later, this same situation seems to
exist as the layers are traced northward into Sioux and Emmons
counties in North Dakota. It should be further emphasized that
although the names of the layers indicate an abundance of one or two
particular species of organisms, these organisms may not be present in
any one concretion or, indeed, may not be found over a considerable
extent of the zone in question.

The upper contact of the Trail City Member was stated by Waage
(1961, p. 234) to be represented by a change from sandy clay to sand.
This contact is, however, not at all distinct and is perhaps best defined
on the basis of a relatively widely distributed layer of gfauconitic sand
which occurs at the top ot the Trail City Member.

Timber Lake Member

The member directly overlying the Trail City Member has been
named (Morgan and Petsch, 1945, p. 15) the Timber Lake Member, and
is typified by exposures in the vicinity of Timber Lake in Dewey
County, South Dakota. The lower portion of the typical Timber Lake
Member consists of greenish-yellow, medium-grained, uncemented
quartz sandstone. This uncemented sandstone grades upward vertically
into a somewhat coarser grained, brownish sand which is characterized
in many places by thin layers of orange or brown, limonitic claystone
stringers. In many cases this upper zone is also well cemented and forms
large calcareously cemented layers, or ledges, which are generally
lenticular and change abruptly in thickness and stratigraphic position as
they are traced laterally.

The fauna also varies vertically in the unit. Near the base of the
member, the dominant species are Pteria linguaeformis, a bivalve, and
the large cephalopods Sphenodiscus lenticularis, and Discoscaphites
nebrascensis. A fourth species, the bivalve Cucullaea shumardi, is also
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