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ABSTRACT 

The Cretaceous/Tertiary (KIT) boundary in south-central North Dakota occurs near the 
lithostratigraphic contact between the Upper Cretaceous (Maastrichtian) Hell Creek and lower 
Paleocene (Danian) Ludlow Formations. These strata are of continental origin and are composed 
of alternating beds of poorly lithified sandstone, siltstone, claystone, and mudstone. The 
formations are distinguished in the field by color, bedding characteristics, and the presence of 
persistent lignite beds in the Ludlow Formation. The lithostratigraphic contact between the Hell 
Creek and Ludlow Formations has traditionally been placed at the base of the lowest persistent 
lignite above dinosaur-bone-bearing strata. However, during this study the contact was placed 
at the base of the lowest persistent lignite at only one-third of the study sites. Instead, the 
contact was often placed at the top of the highest occurrence of swelling claystone which often 
coincided with a break in slope and a color change. 

Sections were measured across the Hell Creek/Ludlow lithostratigraphic contact at 32 
localities, 76 samples were collected for palynologic analysis from 12 of the stratigraphic 
sections, and vertebrate fossils were collected above and below the contact. The KIT boundary 
was identified by abrupt changes in palynomorph assemblages, including the disappearance of 
species of Cretaceous pollen, suggesting an extinction event. The palynologic data indicate that 
the Cretaceous/Tertiary boundary generally occurs within 3 meters either side of the lithologic 
contact between the Hell Creek and Ludlow Formations in this area. Vertebrate fossils are rare, 
but when present support the placement of the KIT boundary as determined by palynological 
analysis. 
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INTRODUCTION 

The cause or causes of the mass extinction 
at the end of the Cretace.ous Period have long been 
of interest to geologists. In 1980, Walter and Luis 
Alvarez discovered an enrichment of platinum 
metals (primarily iridium) in marine rocks at the 
Cretaceous/Tertiary boundary in Italy, Denmark, 
and New Zealand (30, 60, and 120 times 
background, respectively). Alvarez et al. (1980) 
suggested that the only plausible explanation for the 
source of this iridium was extraterrestrial, that is 
from asteroids or comets. Based upon their 
findings, they theorized that an asteroid impact 
triggered the extinction of the dinosaurs and ]eft an 
iridium enrichment signature. The impact theory 
sparked a worldwide search for the remains of a 
Cretace.ous/Tertiary boundary fallout layer or, as it 
is often referred to, the boundary clay. As a resu]t, 
the last fifteen years have seen the unprecedented 
microstratigraphic examination of the thin geologic 
interval containing the Cretaceous/Tertiary boundary 
throughout the world. This work has involved 
detailed studies of the stratigraphy, paleontology, 
and ge.ochemistry of this interval. In addition to the 
iridium anomaly, the presence of shocked quartz and 
glass or altered-glass spheres in this interval at some 
localities has further supported the impact theory. 
Additional theories supporting or refuting the impact 
theory abound and the controversy over what caused 
the mass extinction at the end of the Cretaceous 
Period is as vital today as ever. 

In North Dakota, the Cretaceous/Tertiary 
boundary occurs near the lithostratigraphic contact 
between the Upper Cretace.ous (Maastrichtian) Hell 
Creek and lower Paleocene (Danian) Ludlow 
Formations. These strata are of continental origin 
and are composed of alternating beds of poorly 
lithified sandstone, siltstone, claystone, and 
mudstone (Figure 1). This lithostratigraphic contact 
is exposed at the surface in portions of Bowman and 
Slope Counties in the southwestern part of the state 
and in portions of Morton, Grant, Sioux, Emmons, 
and Burleigh Counties in south-central North 
Dakota. 

In the early l 980s, a field party consisting 
of Roger Colton, U.S. Geological Survey, Susan 
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Figure 1. A generalization of part of the 
stratigraphic column of south-central North Dakota. 
The legend for the lithologic and paleontologic 
symbols used in this report is in Appendix A. 

Vuke-Foster, Montana Bureau of Mines and 
Geology, and Ed Murphy examined the Hell 
Creek/Ludlow Formation contact at Pretty Butte in 
Slope County, North Dakota. The three picked 
different stratigraphic contacts, all within a 30- to 
40-foot (9-12 m) interval. This example illustrates 
how difficult it can be to pick this contact at some 
localities in North Dakota. For some mapping 
purposes, accuracy within 30 to 40 feet (9-12 m) is 
acceptable. However, the detailed microstratigraphy 
needed to precisely locate the Cretaceous/Tertiary 
boundary requires that both the lithostratigraphic 
contact and the systemic boundary interval be 
determined within inches or centimeters. 

Purpose 

This project was initiated with the following 
objectives: 1) to determine the lithostratigraphic 
contact between the Hell Creek (Upper Cretaceous) 
and Ludlow (lower Paleocene) Formations, 2) to 
determine the Cretaceous/Tertiary (Kin boundary 
based upon palynomorph assemblages, 3) to 
detemiine the relationship between the KIT 
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Figure 2. Location of the study area in south­
central North Dakota and the extent of the Hell 
Creek and Ludlow lithostratigraphic contact in North 
Dakota. 

boundary and the Hell Creek/Ludlow 
lithostratigraphic contact, 4) to determine the 
relationship between the KIT boundary and the 
occurrence of vertebrate and other fossils, and 5) to 
examine the KIT boundary interval for the presence 
of iridium and shocked minerals. 

Study Area 

The study area consists of 2,110 square 
miles (6,100 square km) in portions of Morton, 
Grant, Sioux, Burleigh, and Emmons Counties, 
North Dakota (Figure 2). The area consists 
primarily of rolling prairie, and outcrops are 
generally limited to the valleys and associated 
badland topography of the Cedar Creek, Cannonball, 
and Missouri Rivers (Figure 3). 

PREVIOUS WORK 

In 1854, the Hayden surveys explored the 
coal-bearing regions of the Rocky Mountains and the 
Great Plains, especially along the Yellowstone and 
Missouri River Valleys. Hayden (1861) termed the 
strata in this area the Great Lignite Group. Shortly 
thereafter, Meek and Hayden (1862) substituted the 
term "Fort Union Lignite Group" for the Great 
Lignite Group. They made this substitution even 
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though the type area of the Fort Union near the 
mouth of the Yellowstone River contains only the 
upper portion of the strata originally included in the 
Great Lignite Group. By the late 1860s or early 
1870s, scientists recognized that the Mesozoic/ 
Cenozoic boundary lies somewhere within the Great 
Lignite Group because dinosaur bones were present 
in rocks in the lower part of the group, indicating a 
Cretaceous age, and fossil plants were present in the 
upper portion that indicated a Tertiary age. As a 
result, geologists began separating the Fort Union 
strata into a lower dinosaur-bearing unit and an 
upper non-dinosaur-bearing unit. Marsh (1889) 
proposed the term "Ceratops beds" for the lower 
dinosaur-bearing strata of the Great Lignite Group. 
In 1903, Hatcher proposed replacing "Ceratops 
beds" with "Lance Creek beds", named for 
dinosaur-bearing strata exposed along Lance Creek, 
Converse County, Wyoming. Barnum Brown 
(1907) was first to propose Hell Creek as the name 
for strata along Hell Creek and East Hell Creek in 
Garfield County, Montana and later Brown (1914) 
demonstrated that the Lance and Hell Creek strata 
were equivalent. 

The evolution of stratigraphic nomenclature 
proceeded uneventfully until 1909, when F. H. 
Knowlton, a paleobotanist for the U.S. Geological 
Survey, grouped the dinosaur- and non-dinosaur­
bearing rocks together again into the Fort Union 
Formation. Knowlton' s actions resulted from his 
belief, shared by some of his colleagues, that the 
strata within the Fort Union (as then defined) could 
not be separated based on paleofloral content. The 
confusion brought about by Knowlton' s action was 
compounded by subsequent workers as a result of 
the lithologic similarity between the lower and upper 
Fort Union strata and the absence of an 
unconformity, which many thought should exist at 
the Cretaceous/Tertiary boundary. As a result of a 
series of errors made by workers in the field, the 
Cretaceous/Tertiary boundary was not universally 
accepted at its present position between the Hell 
Creek and Ludlow Formations until it was placed 
there by Roland Brown in 1938. 

The complex history of development of 
stratigraphic nomenclature surrounding the 
Cretaceous/Tertiary boundary and the difficulty in 
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Figure 3. Topographic setting of the study area. A, Most of the area consists of rolling prairie. B, Outcrops 
of the Hell Creek and Ludlow Formations are generally limited to badlands topography in the valleys of the 
Cedar Creek, Cannonball, and Missouri Rivers. 

defining the boundary in the Great Plains is 
discussed at length by Brown (1962) in his 
monograph concerning Paleocene floras of the 
Rocky Mountains and Great Plains. Frye (1969) 
and Moore (1976) present similar reviews for North 
Dakota. The following is a brief review of Hell 
Creek and/or Ludlow stratigraphic studies previously 
conducted in North Dakota. 

Most of the early work on the stratigraphy 
of Cretaceous and lower Tertiary rocks in North 
Dakota was by A.G. Leonard, former North Dakota 
State Geologist. Leonard (1908) initially grouped 
the rocks above the marine Cretaceous in 
southwestern North Dakota into one formation, the 
Fort Union Formation. He recognized lithologic 
differences within the Fort Union and divided the 
formation into three distinct members, a light­
colored (yellow and light brown) unit sandwiched 
between two somber-colored (gray, blue, and 
brown) units. The lower somber-colored unit 
includes the present-day Hell Creek and Ludlow 
Formations. Previously, part of the section exposed 
along the Little Missouri River had been referred to 
as the Laramie Formation (Wilder, 1902) but 
Leonard rejected that usage. Later, Leonard (1911) 
included his lower dark and somber-colored member 
in the "Lance Formation." 

Lloyd andHares (1915) proposed the name 
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"Ludlow lignitic memberlf for a member of the 
Lance Formation and designated a type section for 
the member near the town of Ludlow in 
northwestern South Dakota. They also noted that 
this member was in part laterally equivalent to their 
11 Cannonball marine member" north and east of the 
"Ludlow lignitic member" type locality. Hares 
(1928) extended this terminology to the Little 
Missouri River area of southwestern North Dakota 
by dividing the Lance Formation into an upper 
lignite-bearing "Ludlow member" underlain by 
Triceratops-bearing beds of the "Hell Creek 
member." Dorf (1940) determined that the flora of 
the upper part of the Lance, including the Ludlow, 
was Paleocene rather than Cretaceous in character 
and placed the Ludlow, CannonbaU and other 
equivalent upper Lance units in the Fort Union. He 
also raised the Fort Union to group rank with the 
Ludlow being the basal formation in the group. 
This usage was adopted by the North Dakota 
Geological Survey, but some workers prefer to 
consider the Ludlow to be the basal member of the 
Fort Union Formation (e.g., Belt et al., 1992). A 
detailed discussion of the stratigraphy and 
environments of deposition of the Ludlow was 
presented by Moore (1976). 

Thom and Dobbin (1924) introduced the 
term Hell Creek to North Dakota, in a cross-section, 
considering it to be the lower member of the Lance 



Formation. Hares (1928) reinforced the use of that 
terminology in southwestern North Dakota and also 
considered the Hell Creek to be the lower member 
of the Lance Formation. The Hell Creek was 
elevated to formation rank by Brown (1938) and has 
held that rank in North Dakota since. The 
occurrence of Cretaceous dinosaur fossils in the 
formation established its age early on. Frye (1967, 
1969) conducted a detailed study of the Hell Creek 
Formation and divided it into several formal 
members. 

Brown (1962) concluded that the lowest 
persistent coal bed above the highest dinosaur 
occurrence is a workable Cretaceous/Tertiary 
chronostratigraphic boundary in the Great Plains. 
This criterion was initially recognized by Calvert 
( 1912) working near Glendive, Montana. This same 
concept for establishing the KIT boundary had 
essentially been established in North Dakota by 
Hares (1928) in his study of the stratigraphy along 
the Little Missouri River when he divided the Lance 
into the underlying Triceratops-bearing beds of the 
"Hell Creek member" overlain by the lignite-bearing 
"Ludlow lignitic member." Laird and Mitchell 
(1942) placed the Hell Creek/Ludlow contact at the 
top of the highest bentonitic bed in southern Morton 
County. They also noted that the uppermost 
bentonitic beds were often overlain by a lignite or a 
carbonaceous horizon. These criteria were used by 
Frye (1969) to define the Hell Creek/Ludlow contact 
in the Little Missouri and Missouri River Valleys. 
Moore (1976) suggested that the Hell Creek and 
Ludlow Formations are not only separable by their 
floral and faunal differences, but also because the 
beds within the Ludlow Formation are generally 
more laterally persistent than those in the Hell Creek 
Formation and lignite beds are fewer, thinner and 
more discontinuous in the Hell Creek Formation. 
However, Moore also cautioned that individual 
lithologies of the two formations are "highly similar, 
if not identical." This similarity presents a 
particular problem in some areas of south-central 
North Dakota. 

Lindberg (1944) examined heavy minerals 
from the Fox Hills, Hell Creek, Ludlow, and 
Cannonball Formations in Morton and Sioux 
Counties. He identified heavy mineral zonations 
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within these strata, but no significant distinctions 
were discovered between the Hell Creek and Ludlow 
Formations. A marked change in heavy mineral 
content was, however, noted at the base of the 
Cannonball Formation. Farris (1984) found a 
difference in heavy mineral content between Fox 
Hills and Hell Creek strata in Bowman and Slope 
Counties of southwestern North Dakota. He warned 
that the differences in the heavy mineral content of 
these units may reflect diagenetic processes rather 
than subtle differences in source areas. 

Frye (1967) reported that sandstone in the 
Ludlow Formation almost invariably contain pelletal 
glauconite, at times in enough quantity to make 
greensand in Emmons County. Green-colored 
sandstone was not observed in the area of the 
present study. Frye also reported that an absence of 
dark-colored chert grains in thin sections appears to 
be a distinctive characteristic of Ludlow siltstone as 
compared with Hell Creek siltstone, but warned that 
sweeping conclusions should not be based on his 
examination of a few thin sections. 

Few detailed analyses of fossils from the 
Hell Creek and Ludlow Formations in North Dakota 
have been published. In contrast, the Cannonball 
invertebrate (e.g., Cvancara, 1966; Van Alstine, 
1974; Fenner, 1976; Silfer, 1990) and vertebrate 
(Hoganson and Cvancara, 1989, 1991; Cvancara and 
Hoganson, 1993) faunas are fairly well known and 
unequivocally indicate a Paleocene age for the 
formation. The Hell Creek vertebrate fauna in 
North Dakota is not well known (e.g., Frye, 1967; 
Sheehan et al. , 1991) but indicates a latest 
Cretaceous age. Differences between Hell Creek 
and Ludlow molluscan faunas have also been 
recognized (Hartman, 1984). Megafloral changes 
across the Cretaceous/Tertiary boundary in North 
Dakota have been studied by Johnson et al. (1989), 
Johnson and Hickey (1990), and Johnson and 
Nichols (1994) and indicate marked floral 
differences between the Hell Creek and Ludlow 
Formations. This flora] change is also noted in 
palynological records (Lerbekmo and Coulter, 1984; 
Johnson et al., 1989; Nichols, 1990; Nichols and 
Fleming, 1990). These studies indicate that when 
fossils are present, they are useful tools in helping 
to differentiate between the lithologically similar 



Hell Creek, Ludlow, and Cannonball Formations. 

Lerbekmo and Coulter (1984) placed the 
Cretaceous/Tertiary boundary 7.6 feet (2.3 m) above 
the base of the Ludlow Formation as picked by 
Laird and Mitchell (1942) at a site near Huff, North 
Dakota. Lerbekmo and Coulter based this 
placement on fifteen palynological samples and on 
paleomagnetic analyses. They found that 
palynomorph extinctions occurre<l near the middle of 
a reversed polarity zone which they interpreted to be 
29R. A similar palynomorph extinction occurred in 
this polarity zone at Red Deer, Alberta, and a 
foraminifera extinction occurred within this zone at 
the Gubbio section in Italy (Lerbekmo and Coulter, 
1984). 

In the southwestern comer of North Dakota, 
at Pyramid Butte, Johnson et al. (1987) determined 
that the Cretaceous/Tertiary boundary lies within a 

thin, carbonaceous mudstone overlying the basal 
coal of the Ludlow Formation, i.e., 35 inches (90 
cm) above the base of the Ludlow Formation. They 
based their placement of the boundary on megafloral 
changes, palynofloral disappearances, an iridium 
anomaly, and the presence of shocked mineral 
grains. An iridium anomaly of 0.72 parts per 
billion (ppb) was detected in the mudstone as 
compared to concentrations of 0.35 and 0.55 ppb 
found slightly above and below the mudstone, 
respectively. In contrast, background concentrations 
of 0.025 ppb were found in rocks 31.5 inches (80 
cm) either side of this mudstone. 

Nichols (1990) concluded that the 
Cretaceous/Tertiary chronostratigraphic boundary in 
western North America often does not coincide with 
lithostratigraphic formation contacts, and that it may 
occur below, within, or above the basal coal of the 
Fort Union Group ( or equivalent). He also 
suggested that palynology is a useful tool in 
establishing the position of the chronostratigraphic 
boundary within a section. 

FIELD METHODS 

Measured Sections 

Portions of three field seasons were spent 
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Figure 4. Location of measured geologic sections 
in south-central North Dakota. 

studying the Hell Creek/Ludlow stratigraphic 
interval in south-central North Dakota. Geologic 
sections were measured at 32 localities (Figure 4). 
Potential sections for study were chosen by 
comparing outcrops identified from aerial 
photographs with existing geologic maps (Clayton, 
1980; Carlson, 1982, 1983; Kume and Hansen, 
1965; Bluemle, 1984). Outcrops near the mapped 
contact were field checked and the most complete 
sections that included the contact were measured. 
Measured sections in the south-central portion of the 
state ranged in thickness from 60 to 275 feet (18.3 
to 83.8 m), with an average thickness of 143 feet 
(43 .6 m). A total of 4,560 feet (1,389.9 m) of 
section was measured in the study area. 

Rock Samples 

Samples of carbonaceous claystone, 
carbonaceous mudstone, and coal were collected 
from selected intervals at 12 of the 32 sections. 
Contiguous samples were obtained across a 6.7 foot 
(2 m) interval that included the KIT boundary at the 
Miller site (section no. 24). In all cases, individuaJ 
beds were excavate<l to a sufficient depth to ensure 
that an unweathered sample was obtained. Care was 

also taken to obtain clean, uncontaminated samples. 
In addition to these hand samples, 3-inch (7 .6 cm) 
Shelby tubes and 2-inch (5 .1 cm) split-spoon 



samplers were driven through the KIT boundary 
interval at several of the sites using an 8-pound 
sledge hammer. Both of these coring methods 
resulted in close to 100 % core recovery, although 
the driving of the samplers by this method severely 
fractured the samples. The split-spoon samples were 
much easier to recover and were transferred intact 
from the field using pre-cut, split sections of 2-inch 
(5 .1 cm) PVC pipe with capped ends. Samples for 
palynomorph and iridium analysis were placed in 
sealed plastic bags and transported to the U.S. 
Geological Survey Paleontology Laboratory in 
Denver, Colorado. One set each of Shelby and 
split-spoon core samples was transported to the 
Department of Geology and Geological Engineering 
at the University of North Dakota for shocke.d 
mineral analysis. A reference set of core samples is 
stored at the North Dakota Geological Survey 
warehouse in Bismarck. 

Fossil Prospecting 

Measured section and adjacent outcrop areas 
were searched for both faunal and floral megafossils. 
Vertebrate, invertebrate, and plant megafossils were 
sparse in the study area except at the Stumpf and 
Katus sites. Vertebrate fossils consisted of 
disarticulated, isolated skeletal elements and were 
found mostly as float on outcrop surfaces. No 
articulated skeletons were found. Invertebrate 
fossils were mostly steinkems. The stratigraphic 
position of the fossil occurrences were recorded as 
the sections were measure.d. The occurrence of leaf 
fossils were also noted but only if they were well 
enough preserved to be identifiable. 

LABORATORY METHODS 

Palynomorph Identification 

Samples of coal and carbonaceous beds were 
taken for palynologic analysis from 12 of the 32 
sections. The total number of samples processed for 
palynologic analysis was 76. Palynomorphs were 
recovered from all of the samples. 

Samples for palynologic analysis were 
processed using standard laboratory procedures for 
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coal and elastic rocks (Doher, 1980). Palynomorphs 
were separated from carbonaceous rock by treatment 
with hydrochloric and hydrofluoric acids. Organic 
residues were floated using heavy liquids and then 
treated with nitric acid. Palynomorph-bearing 
residues were stained and mounted for microscopic 
study. 

Shocked Mineral Analysis 

Sample treatment procedures in the search 
for mineralogic evidence of impact debris involved 
disaggregation and liberation of sand and coarse silt­
size grains from original mudstone or lignitic units 
recovered by coring. Because no discrete thin clay 
layers (boundary clay) were observed within cores, 
samples from the entire boundary intervals 
determined by palynological assessment were 
processed and analyzed. The one-inch-diameter (2.5 
cm) cores were separated into two-inch (5 .1 cm) 
vertical sections using cardboard wedges throughout 
the boundary intervals. Samples from the two-inch 
(5 .1 cm) sections were disaggregated and sieved one 
at a time to avoid laboratory error. Disaggregation 
was accomplished by soaking samples in water and 
magnetic stirring. Carbonaceous samples were 
soaked in bleach and/or hydrogen peroxide. An 
ultrasonic water bath was also use.d to promote the 
separation of aggregates and to further remove 
clays. After removing suspended clays by 
decantation, sand and coarse silt grains were 
collecte.d by wet sieving and stored in vials. Prior 
to microscopic examination, the surfaces of the 
grains were etched by soaking in a solution of 
hydrofluoric acid. 

Iridium Analysis 

Contiguous samples across a 39-inch (100 
cm) interval containing the Cretaceous/Tertiary 
boundary at the Miller site (measured section no. 
24) were sent to Los Alamos National Laboratory, 
Los Alamos, New Mexico. A total of 20 samples 
were analyzed for 45 separate elements, including 
iridium, under the direction of Moses Attrep, Jr. 

Megaf ossil Identification 

Preliminary identification was made of all 



megafossils in the field. Following cleaning, these 
fossils were identified by comparison to known 
specimens in collections in the North Dakota State 
Fossil Collection; Geology Museum, South Dakota 
School of Mines and Technology; and Royal Tyrrell 
Museum and by consultation with other 
paleontologists. Fossils recovered during this study 
are in the North Dakota State Fossil Collection 
housed in the North Dakota Heritage Center. 

STRATIGRAPHY 

Hell Creek Formation 

The He11 Creek Formation is an Upper 
Cretaceous (Maastrichtian) elastic wedge that 
extends from the Rocky Mountains to central North 
Dakota. This lithostratigraphic unit covers portions 
of central and eastern Montana, North and South 
Dakota, and northern Wyoming and is equivalent to 
the Frenchman Formation in Saskatchewan, Canada. 
The Hell Creek Formation consists primarily of 
alternating beds of poorly lithified sandstone, 
siltstone, claystone, and mudstone, and occasional 
lignite. It is characterized by somber bluish gray 
colors and numerous smectitic claystone beds. The 
Hell Creek is approximately 475 feet (145 m) thick 
in southwestern North Dakota and thins to less than 
200 feet (61 m) in south-central North Dakota 
(Carlson, 1979). Although primarily nonmarine, a 

thin brackish tongue, termed the Breien Member, is 
present in the lower part of the formation in south­
central North Dakota (Laird and Mitchell, 1942; 
Frye, 1967, 1969). The presence of dinosaur bones 
in the Hell Creek distinguishes it from the overlying 
non-dinosaur bearing rocks. 

Frye (1967, 1969) divided the Hell Creek 
Formation into eight members, one of which, the 
Breien Member, had originally been proposed by 
Laird and Mitchell (1942). He recognized five of 
these members in south-central North Dakota. 
Although two or three of the members are generally 
recognizable in the study area, whether they can be 
traced across the western half of the state has been 
questioned by other workers (C.G. Carlson, oral 
communication, 1994). During this study we noted 
the common occurrence of bentonite and mudstone 
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beds immediately beneath the Ludlow Formation in 
south-central North Dakota. These lithologies are 
characteristic of Frye's (1969) Pretty Butte Member, 
the uppermost member in the Hell Creek Formation. 
As noted by Frye (1967, 1969), this member varies 
considerably in thickness (from a few feet up to 40 
feet) across the five-county study area. Frye (1969) 
named the sand-rich unit beneath the Pretty Butte 
Member the Huff Member, with its type section 
located just south of the town of Huff in Morton 
County. Thick channel-sandstones can be found 
beneath the Pretty Butte Member throughout 
southeastern Morton, western Burleigh, and 
Emmons Counties. Channel sandstones are also 
prevalent at this stratigraphic position throughout 
much of Grant and Sioux Counties. Therefore, it is 
apparent that fluvial systems were dominant in 
south-central North Dakota near the end of Hell 
Creek deposition. The utility of Frye's lower 
members of the Hell Creek was not determined 
during this study. The prevalence of muds tones and 
bentonites underlain by channel sandstones is 
generally characteristic of the upper portion of the 
Hell Creek Formation throughout the study area. 

Ludlow Formation 

The Ludlow Formation is a lower Paleocene 
(Danian) lithostratigraphic unit that overlies the Hell 
Creek Formation throughout North Dakota. The 
type section for the Ludlow Formation is in 
northwestern South Dakota, near the town of 
Ludlow. The formation extends across western 
North and South Dakota and appears to be 
equivalent, at least in part, to the Tullock Member 
of the Fort Union Formation in eastern Montana. 
Alternating beds of poorly lithified sandstone, 
siltstone, claystone, mud.stone, and lignite 
characterize the Ludlow Formation. It is overlain in 
western North Dakota by the nonmarine Paleocene 
Slope Formation (formerly Moore's (1976) upper 
member of the Ludlow) and is overlain by or in 
some cases interbedded with the marine Paleocene 
Cannonball Formation in central North Dakota 
(Clayton et al., 1977; Cvancara, 1976). The 
Ludlow is the basal formation of the Fort Union 
Group, which consists of a maximum of 1800 feet 
(549 m) of elastic sediments (primarily nonmarine) 
in North Dakota that thin to the east. An exception 



within the Fort Union Group is the marine 
Cannonball Formation, which thins to the west. The 
Ludlow Formation reaches a maximum thickness in 
outcrop in North Dakota of 330 feet (100 m) at 
Pretty Butte, Slope County, and thins to only 7 .5 
feet (2.3 m) in outcrop in western Emmons County. 

The Hell Creek/Ludlow contact in the 
study area is generally exposed on or near the tops 
of ridges or buttes. As a result, the thickness of 
measurable Tertiary sedimentary rocks in this area 
is generally less than 50 feet (15 m). The top of the 
Ludlow Formation was seldom visible, either due to 
its absence or to vegetative cover. In the five 
sections where the upper contact was observable, the 
Ludlow Formation was found to vary from 7. 5 to 
114 feet (2.3 to 35 m) thick, with an average 
thickness of 45 feet (14 m). 

Marine fossils, including shark teeth, 
characteristic of the Cannonball Formation, were 
found in some of the covered intervals overlying the 
measurable Ludlow Formation. Their presence 
further suggests that the Ludlow Formation is very 
thin in the areas where the upper contact was not 
observed in outcrop (generally less than 40 feet [12 
m] thick). However, the presence of marine fossils 
in the soil horizons on the tops of some of these 
small buttes does not unequivocally indicate the 
presence of the Cannonball Formation, as they could 
be lag deposits eroded from Cannonball strata. 

Criteria for Differentiating the Contact 
Between the Hell Creek and Ludlow Formations 

The contact between the Hell Creek and 
Ludlow Formations in south-central North Dakota is 
exposed in the badlands topography associated with 
the Missouri and Cannonball Rivers and Cedar 
Creek. The best exposures are generally found 
along Cedar Creek in Grant County. In 
southwestern North Dakota, the contact between the 
Hell Creek and Ludlow Formations is well exposed 
along the eastern flank of the Cedar Creek anticline 
in the Little Missouri badlands both north and 
southeast of the town of Marmarth, Slope County. 

Walt Moore studied the Hell Creek/Ludlow 
contact in the Marmarth area in the l 970s while he 
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was a professor at the University of North Dakota. 
Recently Moore stated that his work led him to 
believe there is no substitute for field experience 
with these lithostratigraphic units because there is no 
single stratigraphic or sedimentological criterion that 
can be used to differentiate between these formations 
in every outcrop. He found, through extensive 
fieldwork, that he could pick the contact based on 
"gut feelings", which belied subtle lithologic 
changes that were difficult to list as criteria and 
harder yet to explain to others (W .L. Moore, oral 
communication, 1994). We concur with Moore that 
no one criterion exists, but that several stratigraphic 
criteria can be used in combination to identify the 
contact between the Hell Creek and Ludlow 
Formations. The following criteria that were used 
to identify the contact have varying degrees of 
importance depending upon the area considered: 

1) Lignite: The base of the Ludlow 
Formation is defined as the base of the lowest 
persistent lignite above dinosaur-bone-bearing strata 
(Brown, 1962). The basal contact of the Ludlow 
Formation is therefore, generally placed at the 
lowest laterally persistent coal bed (Figure 5 .1 A). 
Lloyd and Hares (1915) split the upper part of the 
Lance Formation (the lower part of their Lance is 
equivalent to the Hell Creek Formation) into the 
"Ludlow lignitic and Cannonball marine members." 
They stated that the presence of lignite in the 
"Ludlow lignitic member" was one of the chief 
criteria for differentiating it from both the 
underlying and overlying units. 

The upper part of the Hell Creek Formation 
contains numerous carbonaceous beds but does not 
commonly contain well-developed lignite beds. 
Where lignite is present within the Hell Creek, it is 
not laterally persistent and is often observed only as 
lenses within a single outcrop (Figure 5. lB). These 
lenses or pods are generally only a few inches 
(several centimeters) thick and a few feet (about a 
meter) wide. However, some may reach about 3 
feet ( one meter) in thickness (Stumpf site, section 
no. 32). 

Even though persistent lignite is considered 
to be the main lithologic criterion for differentiation 
of these units, the base of the Ludlow was placed at 



lignite in a minority of our measured sections 
because other criteria often dictated the contact be 
placed below the first persistent lignite. The base of 
the lowest persistent lignite was chosen as the base 
of the Ludlow Formation in only 11 (35 % ) of the 31 
stratigraphic sections measured in south-central 
North Dakota. 

2) Color Change: At several localities, a 
color change marks the contact between the drab 
grays of the Hell Creek Formation and the overlying 
yellows and browns of the Ludlow Formation 
(Figure 5.2A). In many areas, however, the color 
change across the contact is so subtle that it is not 
readily apparent (Figure 5.2B). 

The Hell Creek Formation consists of 
multicolored mudstone (generally shades of purple 
and gray), bluish gray claystone and thick, gray 
sandstone. In contrast, the Ludlow Formation 
generally consists of grayish brown mudstone and 
yellowish brown sandstone. The Cannonball 
Formation generally consists of yellow/brown to 
gray mudstone and yellow/brown to gray sandstone. 
Consequently, the color change across the contacts 
of these lithostratigraphic units varies from sharp to 
subtle. The color change can at times be deceiving. 
At several of the study sections, a visible color 
change occurred well into the Ludlow Formation. 

3) Swelling "Popcorn Weathered" 
Claystone: The top of the Hell Creek Fonnation is 
often placed at the top of the highest occurring 
swelling .. popcorn weathered II clay stone (Figure 
5.3A). These claystones have traditionally been 
referred to as bentonites, implying that they formed 
from the alteration of volcanic glass. We did not 
attempt to verify the origin of these swelling 
claystone beds, and therefore it is more appropriate 
to term them smectitic claystone. Claystone beds in 
the Ludlow Formation do not generally have the 
classic "popcorn weathered" surface texture found 
on most of the Hell Creek claystone beds (Figure 
5.3B). 

4) Change in Slope: The stratigraphic 
contact between the Hell Creek and Ludlow 
Formations often occurs at a break or change in 
slope (Figure 5.4A). Even though the lithologies of 
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the units are similar, the mudstones in the Ludlow 
are generally less indurated and therefore less 
resistant to erosion than those of the Hell Creek. As 
a result, the Hell Creek generally forms steeper 
slopes and the Ludlow gentler slopes. 

5) Barren vs. Vegetated Surfaces: The 
slopes of the Hell Creek Formation are generally 
barren of vegetation due to the difficulty plants 
encounter establishing roots in the smectitic 
claystone and mudstone. In contrast, the slopes of 
the overlying Ludlow Formation are generally well­
to- moderately vegetated (Figure 5 .4B). This 
difference in vegetative cover facilitates mapping of 
the contact between these formations from a 
distance, but makes measuring the stratigraphic 
sections above the contact very difficult. 

6) Observable Bedding: In areas of good 
outcrops, the general absence of distinguishable 
bedding in the Hell Creek Formation often contrasts 
sharply with the change to observable bedding or 
layering in the overlying Ludlow Formation. 
Claystone and mudstone units in the Hell Creek 
Formation generally have poorly defined bedding, 
while those in the Ludlow Formation often have 
distinct bedding planes that are observable due to 
slight color changes or iron staining in the layers. 

7) Piping: The greater induration of Hell 
Creek strata compared with Ludlow strata and the 
greater abundance of swelling claystones results in 
pronounced piping in the Hell Creek Formation. 
Piping is not prevalent in Ludlow strata. 

8) Carbonaceous Mucktone: Carbonaceous 
mudstone in the Hell Creek Formation in the study 
area is characteristically reddish brown in color, 
typically has a paper-like fabric, contains 
recognizable coniferous needles, and generally 
contains visible pieces (up to 0.25 inch [0.6 cm]) of 
amber. In contrast, carbonaceous mudstone in the 
Ludlow Formation is typically dark brown to dark 
grayish brown, contains a higher clay content, and 
is more likely to contain recognizable deciduous 
leaves. Amber may also be present in some of the 
mudstone beds within the Ludlow Formation, 
although it appears to be much less abundant than in 
the underlying Hell Creek Formation. This may 



A B 
1. The base of the Ludlow Formation may be placed at the base of the lowest persistent lignite. A, Lignite 
(arrow) at the base of the Ludlow Formation (west of section no. 5). The Hell Creek/Ludlow contact was 
placed at a lignite in only 35% of the study sections. B, Lignites (arrow) are rarely present in the Hell Creek 
Formation but are not persistent (section no. 20). The Hell Creek/Ludlow contact is present at the top of the 
roadcut. 

A B 
2. The base of the Ludlow Formation often coincides with a change in color from the drab grays of the Hell 
Creek Formation to the yellows and browns of the overlying Ludlow Formation. A, An obvious change in 
color marks the contact (arrow) at this locality (section no. 9). B, There is not always an obvious color 
change at the lithostratigraphic contact. At this section (no. 20), the contact (arrow) was placed at the base 
of the lowest persistent lignite. 

Figure S. Criteria that can be used to differentiate between the Hell Creek and Ludlow Formations in the 
field. 
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A B 
3. The top of the Hell Creek Formation often coincides with the top of the highest occurring swelling 
11 popcorn weathered" claystone. A, Typical "popcorn weathered 11 surface texture of a Hell Creek Formation 
claystone (section no. 9). B, Ludlow claystones and mudstones generally do not exhibit strongly defined 
"popcorn weathered" surfaces (section no. 22). 

A B 
4. The base of the Ludlow Formation is generally marked by a change in slope of the outcrop. This often 
coincides with an increase in vegetation on the Ludlow Formation. A, An obvious break in slope at the 
lithostratigraphic contact (arrow) between the Hell Creek and Ludlow Formations (east of section no. 9). B, 
Vegetation is absent from the surface of the Hell Creek Formation but is prevalent on the Ludlow Formation 
(section no. 25). Arrow points to contact. 
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Figure 6. Structural contour map on the Hell 
Creek/Ludlow contact in the study area. 

reflect either a decrease in abundance of conifers 
that produced this resin or a change in preservation 
potential. 

9) Channel Sandstone: The contact between 
the Hell Creek and Ludlow Formations is especially 
difficult to determine when it occurs between fluvial 
channel facies. Channel sandstones in both the Hell 
Creek and Ludlow Formations are generally 
moderately to poorly sorted and range in grain size 
from very fine to medium sand. The channel 
sandstones in the Hell Creek generally contain 1- to 
3-foot (0.3 to 0 .9 m) organic-rich foreset beds that 
are generally gray in color, while those in the 
Ludlow vary from gray to grayish brown and 
generally lack the organic-rich bedding. Frye 
( 1967) noted that Hell Creek channel sandstones 
tend to be gray in Grant and Sioux Counties but are 
both gray and brown in other parts of the state. 
This generalization does not always hold true, as 
golden-colored channel sandstone in the Hell Creek 
was found in Sioux County (T130N, R85W). 

Attitude of the Contact 

Laird and Mitchell (1942) traced the Hell 
Creek/Ludlow contact throughout southern Morton 
County. They determined that the contact occurred 
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at an elevation of 2000 feet (610 m) along the 
Grant/Morton County line and decreased in 
elevation to the north and east to 1800 feet (549 m) 
along the Missouri River. The contact between Hell 
Creek and Ludlow strata was found to range from a 
high of 2182 feet (665 m) at the Schaeffer site 
(section no. 20) in southwestern Sioux County to a 
low of 1682 feet (513 m) at the University of Mary 
site (section no. 23) in Burleigh County (Figure 6) 
during this study. The stratigraphic contact dips 
gently to the north-northeast with an average 
gradient of only 9 feet per mile (1. 7 m per 
kilometer). 

CRETACEOUS/TERTIARY BOUNDARY 

During the field determination of the 
lithostratigraphic contact between the Hell Creek and 
Ludlow Formations in south-central North Dakota 
no unusual layers suggesting a sudden change in 
sediment accumulation, i.e., a "boundary clay 
layer", were identified. Particular attention was 
paid to determining whether or not a boundary clay 
layer exists at the Cretaceous/Tertiary chrono­
stratigraphic boundary in North Dakota. No 
noticeable sudden changes in lithology were noted 
within the interval spanning the chronostratigrapbic 
boundary. In other areas, such as the Raton Basin 
in southern Colorado and northern New Mexico, the 
boundary clay layer is a thin kaolinitic claystone that 
is generally similar in appearance to a tonstein bed 
(Pollastro and Pillmore, 1987). The boundary clay 
is believed to have resulted from the alteration of 
glass that was ejected during a meteorite impact and 
spread across a large portion of the Earth. No such 
11 boundary clay layer" was observed in any of the 
measured stratigraphic sections in south•central 
North Dakota. 

The search for the chronostratigraphic 
boundary in south-central North Dakota required 
examination of both megafossils and microfossils. 
It was decided during the course of this study that if 
the KIT boundary interval could be narrowed to a 
meter or less at a study site through the use of 
palynomorphs, laboratory examination of sediment 
samples would be undertaken to search for 
sedimentological evidence of a boundary ••event." 



Palynomorphs 

In the study area, palynomorphs (fossil 
spores and pollen) are most often found preserved in 
lignites and carbonaceous mudstones and claystones. 
The Cretaceous/Tertiary boundary is identified by 
the disappearance of certain palynomorphs that are 
restricted to the Cretaceous. Palynomorphs from 
Upper Cretaceous and lower Tertiary rocks may be 
separated into four general categories: 1) 
palynomorphs that occur in both Cretaceous and 
Tertiary rocks, 2) palynomorphs that occur in both 
Cretaceous and Tertiary rocks, but differ 
significantly in abundance in rocks of these ages, 3) 
palynomorphs that occur only in Cretaceous rocks, 
and 4) palynomorphs that occur only in Tertiary 
rocks. Examples of the first three categories are 
illustrated in Figure 7. It is the disappearance of the 
third category of palynomorphs from the rock 
record, that marks the KIT boundary (Figure 7). At 
some localities, another characteristic feature is the 
abundance of fem spores within a 6-inch (15 cm) 
interval above the boundary. This has been referred 
to as the "fem spike. " 

The major limiting factor in using 
palynology to determine the Cretaceous/Tertiary 
boundary is that the fossil pollen and spores are 
generally preserved only in lignites or carbonaceous 
claystones and mudstones, reducing the number of 
available rocks that can be sampled. However, even 
with this constraint, we were able to define the 
stratigraphic interval within which the KIT boundary 
occurs to within 1 foot (0. 3 m) at eight of the twelve 
sections that were sampled. 

Megaf ossils 

Although megafossils were not commonly 
found during this study, either vertebrate, 
invertebrate, or plant fossils were recorded at 23 of 
the 32 measured section localities. Only two sites 
produced vertebrate fossils in meaningful numbers, 
the Katus site (section no. 9) and the Stumpf site 
(section no. 32) (Appendix C and D). Dinosaur 
remains were discovered at only 5 of the 32 
measured section localities. At one of these 
localities, Standing Rock Sioux Tribe site (section 
no. 28), the Ludlow Formation is absent, and the 
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highest stratigraphic occurrence of dinosaur remains 
were found 123 feet (37 m) below the contact 
between the Hell Creek Formation and Quaternary 
alluvium. The highest stratigraphic occurrences of 
dinosaur remains at the McGregor (section no. 10), 
Katus ( section no. 9), Campbell ( section no. 3), and 
Stumpf (section no. 32) sites were 49, 21, 80, and 
102 feet (15, 6.5, 24, and 31 m) below the contact 
between the Hell Creek and Ludlow Formations, 
respectively (Appendix C). The KIT boundary was 
palynologically defined, although imprecisely 
because of the sparsity of carbonaceous rocks near 
the boundary, at only two of these sites (Katus and 
Stumpf sites). Therefore, at the Katus site dinosaur 
remains occur within 33.5 feet (10 m) to 3.5 feet 
(1.1 m) of the KIT boundary and at the Stumpf site 
dinosaur remains occur within 102 feet (31 m) to 91 
feet (28 m) of the KIT boundary (Appendix C). 

Plant fossil fragments are generally common 
in Hell Creek and LudJow strata in the study area, 
but identifiable leaf fossils were noted in only 13 of 
the 32 measured sections (Appendix C). Six of 
these measured sections contained leaf fossils within 
10 feet (3 m) on either side of the contact between 
the Hell Creek and Ludlow Formations. No attempt 
was made to systematically collect or identify the 
leaf fossils. 

Search for Iridium Anomalies 

At least nine areas in western North 
America contain iridium anomalies associated with 
palynological changes at the Cretaceous/Tertiary 
boundary (Nichols and Fleming, 1990). The 
easternmost of these localities is Pyramid Butte, 
Slope County, North Dakota (Johnson et al., 1989). 
At Pyramid Butte, an iridium anomaly of 0.72 parts 
per billion (ppb) was identified in a mudstone 2.6 
feet (0.8 m) above the Hell Creek/Ludlow contact. 
Iridium concentrations of 0.35 and 0.55 ppb were 
detected slightly above and below the mudstone and 
background concentrations of 0.025 ppb were 
recorded in rocks 2.6 feet (0.8 m) either side of the 
anomaly. 

Lerbekmo and Coulter (1984) identified the 
Cretaceous/Tertiary boundary at a site near Huff, 
North Dakota (the Miller site, section no. 24 in this 
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Figure 7. Palynomorphs that occur in Hell Creek and/or Ludlow strata in south-central North Dakota. iA:!l Examples of palynomorphs 
that occur in both Cretaceous and Tertiary rocks. A. Ulmipollenir.es krempii, pollen of a plant related to modem elms. B. Pa:rulaniidites 
typicus, pollen of an extinct flowering plant with living relatives. C. Taxodiaceaepollenites hiatus, pollen of a plant related to modem bald 
cypress. D. Kunzipites circularis, pollen of an extinct flowering plant. E. Kunzi.piies lrispissatus, pollen of an extinct flowering plant. F. 
Triporopollenites sp ., pollen of an extinct flowering plant likely an ancestral member of the birch family. G. Dyadonapi1es ren·culazus, a 
ffSiamese twin" pair of pollen grains (or dyad) likely from a marsh plant. H. Arecipites sp., palm pollen. I. Piryosporites sp., pollen of a 
plant related to modern pines. J . Azolla crelacea, megaspore of an aquatic fern. !K:Q), Examples of palynomorpbs that occur in both 
Cretaceous and Tertiary rocks, but differ significantly in abundance in rocks of these ages; their abundance can be evidence of the age of the 
rocks in which they occur. For example, species illustrated in K-M occur primarily in the Upper Cretaceous and are rare in the lower Tertiary; 
species illustrated in N-Q are present in the Upper Cretaceous but usually are much more abundant in the lower Tertiary. K. Discoidites 
parviscriaU4s, pollen of an extinct flowering plant. L. Gunnera microreticulata, pollen of an extinct flowering plant. M. Wodehouseia spinaia, 
pollen of an extinct flowering plant. N. Syncolporires minimus, pollen of an extinct flowering plant. 0. Laevigalosporites sp., spore of a species 
of fern related to certain living ferns. P. Stereisporites sp., spore of a fossil species of sphagnum moss. Q. Cyathidizes diaphana, spore of a 
species of fern related to certain living ferns. .fB:Kl Examples of palynomorphs that are restricted to Cretaceous rocks . R. Liliacidites 
complexus, pollen of an extinct flowering plant. S, T, and U. Proteacidites sp., pollen of extinct flowering plants. V. Aquilapollenites 
quadrilobus, pollen of an extinct flowering plant. W. Aquilapollenius collaris, pollen of an extinct flowering plant. X. Aquilapollenites 
attenuatus, pollen of an extinct flowering plant. Magnification is 1 OOOx. 
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report) based on palynology and paleomagnetic 
stratigraphy. They apparently did not test for 
iridium. The Miller site was the only site analyzed 
for iridium during this study (Mosses Attrep, Jr., 
written communication, 1992). Background 
concentrations of .007 to .051 ppb were detected 1.4 
feet (0.4 m) below to 2.9 feet (0.9 m) above the KIT 
boundary at this site. Iridium concentrations were 
0.040 and 0.051 ppb, within background levels, at 
the systemic boundary. However, an iridium 
concentration of 0.122 ppb was detected in 
mudstone 2.5 feet (0.8 m) above the KIT boundary 
at this site. 

Shocked Minerals 

Even though no distinct boundary clay layer 
was detected, it is possible that shocked mineral 
grains might still be mixed within sediments 
composing the boundary interval as determined by 
palynological assessment. Relatively few sand-size 
grains were obtained during the sample 
disaggregation process and no shocked mineral 
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grains were found. The scarcity of grains may have 
been due to the sampling method, which produced 
relatively small core samples (1-3 inches, 2.5-7 .6 
cm) through the interval. A larger sample may be 
needed to increase the probability of recovering an 
adequate number of grains for analysis. 

RELATIONSIIlP BETWEEN THE 
LITHOSTRATIGRAPffiC CONTACT 

AND KIT BOUNDARY 

The palynomorph analysis of a dozen 
sections throughout south-central North Dakota 
enabled a detailed comparison of the relationship 
between the Hell Creek and Ludlow Formations and 
the chronostratigrapruc boundary in this area. 
Detailed descriptions of ten of these sections, 
beginning in the southwestern corner of the study 
area and proceeding to the northeast, are given in 
this chapter. Descriptions of measured sections not 
presented in the text are given in Appendix B. 



Section no. 9 
Landowner: Robert Kawa 

Location:Tl29N R87W sec. 10 (ew/sw/~) Sioux County 
Top of section: 2160 ful. 
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Covered. Fouil: Bivalvia (unidentified). 

UJDLOW FORMATION 
Claystooe; black: (fresh and weathered), carbonaceoWI. 

Mudatooe; brown to reddi.ah/brown(frcah), light brown (weathered) , aandy, caxbooaccow, iron oxide.mined. 

Saodatone; gray/brown(freah), gray (weathered), fine gra.inod, oraanic rich, clayey, poorly cemented. 

Clayatone; aray/dukbrown (fffiih), light gmy to reddith/hrown(weathc:rcd), silty, iron oxide stained layen, 
iron oxide concretiona. 

Mud.stone; gray/brown (frcah), gray to Jiaht brown (weathered), finea upward, iron oxide stained, aelcnite, 
root cull!. 

Sandstone; gn1y/brown (freehand weathered), very fine grained, well cemented, contains organic horizon, 
with plant fntgmcnta. 

Mudatooe; brown (fresh), gray (weathered), clayey, iron oxide concretion, at base. 

Claystonc; dm brown/black: (&eah and weathered), cubowiceoua, contains 8DlA11 ooocretioo.s. 

Sandatone; Jray/brown{frcah and weathered), very fine grained, clayey, contains plant fr1lgmenta and lignite •~-
Clayatone; brown/blaclc (frcah and weathered), catbonaceoua, lignite knscs, eelcnite. 

Sandstone; gray/brown (frcah), gmy (weathered), very fine arainod, organic laminae, organics common at 

hue. 

Mudatooe; black/brown (~h and weathered), undy, carbonaccoU1. paper ahale, intetbedded with aandstone 
lcnae.. 

Sandstone; brown/gray(frC3h). U,htJfllY!browo(wcatherod) , very fine to finearainod. poorly to moderately 
cemented, croea-bcddcd, iron oxide atained , cootaina laminated carbonaCC-0'118 kuaea from 1 to 3 feet (.3 to 
1 m) in thickncaa, fouilifcroll8 . 

HELL CREEK FORMATION 
Concretion zone; dark. brown/black (fresh and weatherod) . 

ClaystODe; gray (frcah and weathered), popcorn texture. 

Mudatooe; gmy/browo (frcah) , gray (weathered), clayey, plant fragmc:nta, root tcacca, d&rk gray clay1tone 
koaca, contain.I numerou, iron oxide coocrctiooa, carbonaceous at top. 

Clay1tone; gray /brown (fTcsh) , wldillh brown (weathered), ~UI, plant fragmcnlll and lignite lcneet1. 

Mud.atone; brown/aray (frcah and wcathewi), plant fntpents, contains iron ox.ide concretions and 
caroonaceous zone.a, oontains dinoaaur ~ fntgmenbJ . 

Clay1tonc; brown (frcah), dark brown (weathered), carbonaceous. 

Sandstone; olive 1111y (fresh), gny (weathered), fine grained, 1ilty. abundant plant fnlgmenlll. 

Claystone; gray (fresh), light to medium gmy (weathered), silty, blocky. contaioe black cubonaceoua lcnsea. 

Saod.stooe; yellow 1ray (frcah), gray (weathered), very fine gnlincd, ailty, contains iron oxide concretions, 
latettily diacontinuoua. 

Mud.tone; py/brown (fn:ah), aray (weathered), contains plant fra.gmcn11. 

Sandstone; aray (fTeah and weathered), fine grained, silty and clayey, laminated. jaroeite, concretions. 

Mudatone; an.y (fresh and weathered), contains ac:attered plant fm,menta, carl>onaccoua content incrca.&ca 
at top . 

Figure 8. Measure.cl geologic section no. 9 at the Katus site, Sioux County. Legend and vertical scale for 
all of the measured sections are in Appendix A. 
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A B 
Figure 9. Photographs of the Katus site (section no. 9). A, The section was measured at the prominent point 
(arrow) in the photo, view is to the southeast. B, Photograph of the measured section site. Base of the 
channel sandstone (arrow) marks the Hell Creek/Ludlow lithostratigraphic contact. 

Katus Site (section no. 9) 

The Katus geologic section (section no. 9) 
is located on the west-facing slope of a small hill on 
the south edge of Cedar Creek valley in section 10 
(T129N R87W), Sioux County (Figures 8 and 9). 
Approximately 46 feet (14 m) of Hell Creek and 55 
feet (17 m) of Ludlow strata are exposed at this 
locality (Figure 8). The Hell Creek/Ludlow contact 
at this site occurs at the base of a channel sandstone. 
The lithostratigraphic contact coincides with both a 
color change and the top of the highest occurring 
swelling "popcorn weathered" c1aystone. Where 
measured, the channel sandstone is dull gray and 
contains large, cross-bed foresets which have 
organic-rich lenses at their bases, characteristics 
often associated with He11 Creek sandstones. 
Laterally, the channel sandstone becomes golden 
brown in color, a characteristic of the Ludlow 
Formation. The Cretaceous/Tertiary boundary 
interval extends from 12.5 feet (3.8 m) below the 
lithostratigrapbic contact to 17.5 feet (5.3 m) above 
the contact (Plate 2) . The boundary interval is quite 
thick at this section because there were insufficient 
carbonaceous beds to allow further delineation. 

North of the Ludlow channel sandstone at 
this site, both Hell Creek and Ludlow strata appear 
to be dipping to the south whereas beds in these 
formations south of the channel appear to dip to the 
northeast. Immediately north of the measured 
section locality, the channel extends much deeper 
and is predominantly filled with claystone and 
siltstone. There is no evident truncation of Hell 
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Creek strata by the fluvial channel. 

A fragmentary, unidentifiable dinosaur bone 
was found on the outcrop surface 21 feet (6.5 m) 
below the contact between the Hell Creek and 
Ludlow Formations at the Katus site (Figure 8). 
Unidentifiable dinosaur remains were also observed 
immediately below the fine-grained portion of the 
Ludlow Formation channel fill, north of the 
measured section locality. Vertebrate fossils, 
including marine and freshwater fish, turtle, 
champsosaur, crocodile, alligator, dinosaur, and 
mammal and Teredo-bored petrified wood, were 
recovered throughout the Ludlow Formation channel 
deposits just above the contact between the Hell 
Creek and Ludlow Formations (Appendix C). 
Dinosaur remains found in these channel deposits 
consist of shed hadrosaur teeth and ossified tendon, 
both of which are durable and are interpreted to be 
reworked. Teeth of the shark, Carcharias taurus, 
and Teredo-bored petrified wood, found in the 
channel deposits are both characteristic of the 
marine Paleocene Cannonball Formation, and are 
a]so believed to be reworked. The fossil assemblage 
of this Ludlow channel is, therefore, interpreted to 
be a mix of Paleocene and reworked Cretaceous and 
marine Paleocene taxa. A similar situation, at the 
Hell Creek/Ludlow contact in Montana, sparked 
controversy over whether or not dinosaurs existed 
for a brief time during the Paleocene (Rigby et al. , 
1987; Eaton et al., 1989; and Lofgen et al., 1990). 
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Section no. 11 
Landowner:: Sid Brcm1cr 

QUATERNARY 
Loem. 

llJDLOW FORMATION 
MudAtone; hi&hlY weathered. 

location: T130N R86W ICC. 19 (ae/nc/nw), Grant County 
Top of aoction: 2140 ful 

Mudatone; ycllow/brown(freah), aray (weathered), sandy, iron owe stained. 

Sandstone; yellow /brown(frcah), a ray /brown(weatbered), fine 1rainod, poorlyaortod, contains concretiooaiy 
zonta, iron oxide stained. 

Mudatonc; 1ray/brown frem and weathered awfacce. iron oxide stained, plant fra,-mculB, iron oxide 
concretiona. 

ClayatoM; dad: brown (frcah), gray (wcatbct'ed), paper abale, carbonaceous, gradca into overlying mudstDnc. 

Claystone; reddish brown (fresh), lisht brown (weathered), silty, carbonaceous, plant fnlgmcntl, fiuile. 

Mudstone; gray/brown (fresh), lisht gray/brown (weathered), contains 2 inch (5.1 cm) carbonaceous clay 
layer, leaf foA&ila. 

Llgnne. 

Clayatooe; reddish brown (fresh), light brown (wcatherod), CllJ'DOIW:cous, oxidized. 

HEIL CREEIC FORMATION 
Mudatone; gray/brown to brown (fresh), gray/brown (weathered), clayey, contain, 5 inch (12.7 cm) 
carbooaccous clay lens near bue, amber, plant fragmentll. 

Mud.stone; gray/brown(fn:ah), light gray (weathered), 84Ddy, very fine grained, j&t08ite. 

Mudatone; brown (frcsh), dark gray (weathered), clayey, organic rich, popcorn texture, contains 3 foot (1 
m) thick organic rich horizons. 

Mudatooe; gray/brown (frah), gray (weathered), sandy, plant flllgmenlB, large roota. 

Figure 10. Measured geologic section no. 11 at the Brenner site, Grant County. 

A B 
Figure 11. Photographs of the Brenner site (section no. 11). A, South-facing exposures of a small ridge 
containing measured section no. 11. Arrow marks the stratigraphic contact between Hell Creek and Ludlow 
strata. B, Sample pit (arrow) excavated into coal and carbonaceous claystone at the base of the Ludlow 
Formation in section no. 11. 
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Figure 12. Relationship between the Hell Creek/Ludlow lithostratigraphic contact (0, not shown) and the 
Cretaceous/Tertiary boundary interval at the Brenner site (section no. 11). Measurements are distances above 
the contact. 

Brenner Site (section no. 11) 

The Brenner measured section (section no. 
11) is located on the southwest face of a small knoll 
or ridge in section 19 (T130N R86W), Grant County 
(Figures 10 and 11). The section contains 
approximately 40 feet (12 m) of Hell Creek strata 
overlain by 30 feet (9 m) of Ludlow strata (Figure 
10). The Hell Creek/Ludlow contact was placed at 
the base of a 4.5-foot (1.4 m) thick carbonaceous 
bed which consists of a 2-foot (0.6 m) thick 
carbonaceous c!aystone that grades into an overlying 
2.5-foot (0. 76 m) thick coal. The contact was not 
placed at the base of the coal because the contact 
between coal and underlying carbonaceous claystone 
was gradational. The lithostratigraphic contact at 
this site coincides with a slight break in slope and a 
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sharp color change from grays of the Hell Creek to 
yellow-browns of the Ludlow. Palynomorph data 
place the Cretaceous/Tertiary boundary within an 
11-inch (28 cm) interval of coal spanning the area 6 
to 17 inches (15-43 cm) above the base of the coal 
(Figure 12). The Cretaceous/Tertiary boundary 
therefore, occurs within an interval 2.5 to 3.4 feet 
(0.8 to 1.1 m) above the Hell Creek/Ludlow contact 
at this site. 

Identifiable leaf fossils are present near the 
base of the mudstone that overlies the coal at this 
section (Appendix C). No vertebrate or invertebrate 
fossils were observed at this site. 
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Section no. 2 Location: T132N R.86W acc. 29 (nc/nw/aw), Grant County 
l.Andowner: Lloyd and Dan Stewart Top of section: 2100 fasl. 

CANNONBALL FORMATION 
Sand; light gray brown (freah and weathered), ailty to clayey. 

Sandstone; light gray to buff (freah and weathered) • .fine grained. well sorted. poorly cemented. 

Sandstone; light gray (freah and weathered), interboddc:d. with thin clay lc:n&C:8. 

Mudstone; liBht llllY to)ig_ht yellow/gray (fre8h), liBht l~.Y to tan (weathered). iron oxide stained, the 
mudatooe contains int.erboddcd sand and clay lc:naea, heavily burrowed. 

WDLOW FORMATION 
Mud.stone; liBht gny to tan (weathered and fresh), sandy, moderately indura.ted, rooted (la.rae, 3 inch (7. 6 
cm) root cut8, contain! ligniteclaabl, iron oxideata.inod, containa 6-8 mch (15-20 cm) paloosol at top of unit. 

Clayatone; cl.uk gray (frcah) to liBht gray (weathered), silty, fiuilc at base, blocky at top, some plant 
fragments. 

Lignite. 

Clay11tone; light gray/brown (fre8h) to light gcay (weathered). silty. plant frs.gments, jaroaite staining. 

Lignite. 

Claystone; medium tll darlc brown (fresh) to light gray tll brown (weathered), ailty, c:arbonacoous, very 
carbonaceous lc:nsai 3 foet (1 m) from top of unit. 

Sandstone; ligbtyellow/or1Ulgc(fresh) to light gmy (weathered), clayey, poorly cemented. 

Claystone; red to gray (fr-cab and wcathe~). appeani tll have burned, white ct..y lens. 

Siltstone; light gray (frem and wCllthercd.). 

Claystone; ~ to gray (freah and weathered), appean to have burned in llI'CWI, containa white clay lenaea. 

Mud.stone; light gl'll.y to darlc brown (ftt.8h) kl light to mc:d.ium brown (weathered), silty claystone. very 
carbonaccoll8 at top. 

Sandstone; light to medium gray (freah). light gl'lly (weathered). silty, very fine. grainod, jll..£06itc. 

Lignite. 

Clay,tone; darlc brown to black (frcah and weathered). 

HE1L CREEK FORMATION 
Siltstone; gray to white (fresh and weathered), clayey, laminated, numcroU11 root trtcea. 

0.3 Mud.stone; gray (weathered and freah), ailty . 

1.4 

5 

40 

0.3 Mudstone; gray to da.rk. grey (wcadiered and fresh), silty . 

0.4 Claystone; darl:: to medium brown (frcah) 1:D J.isht gray (weathered), silty. carborutccous. popcorn texture. 

0 .3 Clayatone; darlc brown to black (frcah and weathe~). carbonaccoua . 

1.5 

12.2 

Clayatone; darlc to medium brown (fresh) to light gray (weathered), silty, ca.rbono.ceo11&. 

Sandstone; light gray to light gray/brown(fresh) to light gray (weathered), very fine grained, contains iron 
oxide concrctionary layers, modeni.tely to poorly cemented, 4 mch (10 cm) iron oxide concretiona.ry layer 
at ba.ee. 

Began measuring section on plateau, 10 feet (3 m) above the Cannonball River. 

Figure 13. Measured geologic section no. 2 at the Cannonball Stage Stop site, Grant County. 

A B 

Figure 14. Photographs of the Cannonball Stage Stop site (section no. 2). A, South-facing outcrops above 
the Cannonball River at section no. 2. Arrow points to lithostratigraphic contact between Hell Creek and 
Ludlow strata. B, Arrow points to pit excavated across the Hell Creek/Ludlow contact at section no. 2. 
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Figure 15. Relationship between the Hell Creek/Ludlow lithostratigraphic contact (at 0) and the 
Cretaceous/Tertiary boundary interval at Cannonball Stage Stop site (section no. 2). Measurements are 
distances above the contact. 

Cannonball Stage Stop Site (section no. 2) 

The Cannonball Stage Stop site (measured 
section no. 2) is located on a cut above the north 
bank of the Cannonball River in section 29 (Tl32N 
R86W), Grant County (Figures 13 and 14). The site 
is located 1/4 mile (1/2 kilometer) north of a rest 
area situated on the historic site of one of the rest 
stops of the Deadwood to Bismarck stagecoach. The 
outcrop contains strata of the Hell Creek, Ludlow, 
and Cannonball Formations. Approximately 50 feet 
(15 m) of Hell Creek and 62 feet (19 m) of Ludlow 
strata are exposed at this site (Figure 13). The Hell 
Creek/Ludlow contact was placed at the base of a 
thin carbonaceous mudstone that underlies the first 
continuous lignite. The contact was placed at the 
base of the carbonaceous mudstone rather than at the 
base of the overlying lignite because it also 
corresponded to a slight color change in the strata 
and a slight change in slope. The Cretaceous/ 
Tertiary boundary was determined by palynological 
analysis to fall within a 3-inch thick (8 cm) interval 
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in the top 2 inches (5 cm) of the underclay and the 
bottom 1 inch (2.5 cm) of coal (Figure 15). The 
Cretaceous/Tertiary boundary occurs within an 
interval 1.5 to 4.5 inches (3.8 to 11.4 cm) above the 
lithostratigraphic contact (Plate 2). No unique 
layers were observed within either the coal or 
underclay, but a white to gray, heavily rooted 
siltstone, believed to be kaolinitic, is present beneath 
the underclay at this site. Approximately 33 feet (10 
m) of Cannonball strata are exposed at the site. The 
contact between Ludlow and Cannonball strata was 
placed at a 6- to 8-inch (15-20 cm) thick paleosol 
underlain by a rooted mudstone and overlain by a 
burrowed mudstone. 

No vertebrate or invertebrate fossils were 
found at thls section. Marine cartilaginous fish 
fossils, characteristic of the Cannonball Formation, 
were found at land surface 1/4 mile (0.5 km) east of 
the measured section. 
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Section no. 1 
landowner : Curt Hepper 

QUATERNARY 

Location.: Tl31N R86W aec. 22 (llW 1/4), Gmnt County 
Top of section: 2160 ful. 

Loam and lag gmvela. Fouilll: Carclt.tuias UlUTMS (ahark), gutropod (marine). 

WDLOW FORMATION 

It;t:nec&'{r~%i~ ~ (weathered and frah), ailty to sandy, iron stained, iron oxide concwionary 

Coal. 

Mud.ltone; light to medium gray (freah), Of11118e (weathered), silty, silt 1aminae. hishly iron oxide lltaincd. 
Claystone; darlc gny to black (weathered and freah), eih laminae at. base, very cubonaceow. 

HEIL CREEK FORMATION 

Clayetone; medium to dArk. Jl1lY (freah and weathered), plant fragmcnta, popcorn texture. 

~~t gray to brown (fresh and weathered), very fine grained iron oxidenodulea, aelenitt cry8tJlls, 

Sandatonc; light gray (fresh) to light brown/gray (weathered), well cemented. 

Sandsto.ne; .iro\d tQ liRht yc_llow/Ull.Y (fresh), liaht1rray (w~1hered), fine to yery fine rrain~, poorlycementoi, 
iron oxxie lita.ined, funlainl da.n: brown to biacir concrebon zone, contams organic pods. 

Claystonc; light to medium brown (fn:ah), pink to brown (wea1hered), camoMCcous. 

Clayatonc; light to d.arlc gny (frcah and weathered). ailty, popcorn texture. 

Lignite to aubonacoous clayatone. 

Claystone; light gray (fresh and weathered), popcorn texture, silty. 

Claystonc; 1.iiht to mediUUl brown (freab and weathered), carbooaceous and lignitic. 

Clayetone; light 1ray/grc.cn to qht brown (.frcab and weathered), silty to sandy, popcorn texture. 

Sandstone; light yellow/gray (freah and weathered), very fine grained, 1ilty, poorly cemented . 

Clav~ne; interbedded with mlJd&one, light to medium .2rav to lli?ht brown (fresh aod weatherod), sandy 
iinct' suty, carbonaceous zooea, ll"()ll oxide concrebonary Zonl: at to'(>. 

Sandatone; light gray (freeb and weathered), clayey. poorly cemented.. 
Clayatone to siltstone; medium brown (fre.sh and weathered), sandy, carbonaceous, contains amber and plant 
fragments. 

Sihstooe; medium ifllY (frtab) 1o liRhtJ?ray (weatherecl.), clayey, popcorn texture, conbUDII organic or 
cai:bonaceous clay Icnk8, Jaro&tte i!l,i:l Irm601'te concrctrons. 
Claystone; light to darlc.Rray/brown (.frcah), light gflly/brown to purplish pink (weathered), clayey to sandy. 
popcorn texture, plant tre.gmmta. 

Siltstone; light gray (freah and weathered). 

Clayetone; medium to da.rk brown (fresh and weathered), carbonaccoU8, plant fragments, silty. 

Siltlltooe; light 1ray (fresh) to light aray and brown on weathered ewfacee, popcorn texture, clayey to sandy. 

Sand.atone; light gray (freah) to light gray/brown (weathered), fine grained, and poorly cemented. 

Clayatooe; light gray to brown (frwi and weathered), silty, popcorn texture. 

Siltatt>ne; medium brown (freab), to pwple/brown (weathered), clayey, plant fragmenlll, jaroaite staining . 

Sandstone; light to medium RIJlY (fn:ab), light~,,v~ J.isht gnay to white (weathered), poorly cemented, 
oriaruc lewd, concretions Ill bllse,- ima cr088•1JCUdcd. 

Clayatone; olive gray to light brown (~ and weathered), silty, popcorn texture. 

Claystone; darlc brown to black (fresh and weathered), Jianite lcnac8, carbonaccow. 

Claystone; dark to mod.imn brown (frcah aod weathered), popcorn texture, silty. 

SanciBtone: v~ry light 1ray to white (~hand weathered), fine gnunod, poorly cemented, organic horizons, 
CroM~bcdded. 

6. 8 2.1 Silt!ltonc;_light oliveJ gray (fresh and weathered), clayey, organic stringeni, popcorn swfacc, organic rich at 
top of UDJL 

Figure 16. Measured geologic section no. 1 at the Rattlesnake Butte site, Grant County. 

A B 

Figure 17. Photographs of the Rattlesnake Butte site (section no. 1). A, Southwest-facing slope at the top 
of Rattlesnake Butte. Arrow points to pit excavated across the Hell Creek/Ludlow contact. B, Close-up of 
pit containing the contact between the Hell Creek and Ludlow Formations at Rattlesnake Butte. 
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Figure 18. Relationship between the lithostratigraphic contact (at 0) and the Cretaceous/Tertiary boundary 
interval at the Rattlesnake Butte site (section no. 1). Measurements are distances above the lithostratigraphic 
contact. 

Rattlesnake Butte Site (section no. 1) 

Rattlesnake Butte (section no. 1) is a small 
10-acre butte situated on the west side of the 
badlands in the Cannonball River Valley in section 
22 (Tl31N R86W), Grant County (Figures 16 and 
17). Strata are well exposed along the steep sides of 
this butte but access is almost impossible except 
along the southwest and southeast sides. The butte 
contains approximately 160 feet (49 m) of Hell 
Creek strata with only 9 to 10 feet (2. 7 to 3 m) of 
Ludlow exposed at the top (Figure 16). The Hell 
Creek/Ludlow contact was difficult to pick at this 
site because of the presence of a 1.5-foot (0.5 m) 
lignite and an overlying 30-foot (9 .1 m) thick 
channel sandstone in the upper part of the Hell 
Creek Formation. It is often difficult to distinguish 
between Hell Creek and Ludlow sandstones in this 
area. Although the contact was not immediately 
recognized along the southwest side of the butte 

23 

where the section was measured, it was more 
obvious along the southeast side of the butte where 
there is a break in slope and a slight color change at 
the contact. The Hell Creek/Ludlow contact was 
placed at the base of a thin carbonaceous claystone 
that overlies the highest occurring swelling 
claystone. It was determined from palynological 
analysis that the interval containing the KIT 
boundary in this section ranges from 4 to 12 inches 
(10-31 cm) above the contact between the Hell 
Creek and Ludlow Formations (Figure 18, Plate 2). 

Marine fish and gastropod fossils were 
recovered from ant mounds in Quaternary alluvium 
at the top of the butte (Appendix C). They are 
interpreted to be lag from the Cannonball 
Formation. 
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Section no . 20 

umdowner: Rou Schaeffer 

WDLOW FORMATION 

Location:T129N R8SW acc. 5 (ne/nc/ne), Sioux County 
Top of section: 2220 ful. 

Sandstone; lll'llY (freah). ht.ck (wcathual), very fine grained. well cemented. 

Mudatone; darlc brown (.fn:ah). gnay/brown (weathered), sandy, iron oxide concretions, iron oxide staining 
with intcrbodded aandstone. 

Clayau>De; medium brown (fre8h and weathered), organic. 

Sandstone;ycllow/brownto gray(frCAh), gray(wcathered), very fine grained, clayey, concretions,iron oxide 
stained. 

Mudatone; brown (fre8h), light brown (weathered), carbonaceous, very darlc shale at base. 

Mudstone; gray to yellow/brown (fresh), yellow/brown (weathered), sandy, R&Ddy layert1, clay rich layeni 
contain leaf fossils, and iron oxide concretiona. 

lignite. 

HELL CREEX FORMATION 
Mud.stone; red/brown (fresh), light brown (weathered). sandy, catbonaceowi, plant fngmcntll. 

Mudstone; gray/brown (frc8h), gny (weathered), popcorn texture. 

IntcrbeddedSandstoneand Mudnonc; gray/brown(frcsh and weathered). Sandstone; fine grained, BCattcred 
organ.ice, iron oxide concretions . ---

Mudatone; medium brown (fresh), light brown (weathered). ctlbonaceow, plant fragments, amber. 

Claystone; darlc gny (fresh), light gn.y (weathered). 

Mudetonc; red/brown {frcah), mediUtn brown (weathered), CIU'bonliCeous, phmt fragmenlll, amber. 

Mudsmne; gray/brown (fresh and weathered), plant fragments, contain& two organic rich clay zones . 

Sandstone; gray (freah a»d weathered), fine grained, moden.tely indurated, root t:racea, plant fragmeolll. 

lignite; poor to moderate quality. 

Mudatooe; yellow/ gray (~h), gray (weathered), sandy, sand lenses, jiuosit.e, O"£"ganic cont.entvaril!S, popcorn 
tex:ture. 

Mudatone; brown/gray (frc:ah), dm gnly (weathered), organic fragment.e, popcom texture, top ia 
carbonaceous. 

Sandstone; yellow/brown (fresh), gn.y/whitc(weathered), fine 8rained, clay stringen, jaroaite, root traces, 
finl!S upward. 

Claystone; darlc gray to black (fresh), brown (weathered), carbonaceous. 

Mudatone; gray/brown(frcsh and weathered), aandy, trace of orga.n.ics, popcorn texture. 

Figure 19. Measured geologic section no. 20 at the Schaeffer site, Sioux County. 

A B 
Figure 20. Photographs of the Schaeffer site (section no. 20). A, South-facing slope containing measured 
section no. 20. Arrow points to the contact between Hell Creek and Ludlow strata. B, Pit (arrow) excavated 
across the contact between the Hell Creek and Ludlow Formations at section no. 20. 
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Figure 21. Relationship between the Hell Creek and Ludlow lithostratigraphic contact (at 0) and the 
Cretaceous/Tertiary boundary interval at the Schaeffer site (section no. 20). Measurements are distances 
above and below the lithostratigraphic contact. 

Schaeffer Site (section no. 20) 

The Schaeffer site (section no. 20) is located 
on the south-facing slope of a hill adjacent to U.S. 
Highway 31 in section 5 (Tl29N R85W), Sioux 
County (Figures 19 and 20). Approximately 60 feet 
(18 m) of Hell Creek and 39.5 feet (12 m) of 
Ludlow strata are exposed at this site (Figure 19). 
The Cannonball Formation is exposed in the uplands 
east of this locality. The Hell Creek/Ludlow contact 
was placed at the base of a 6-inch (15 cm) thick 
lignite that coincided with the top of the highest 
occurring swelling "popcorn weathered" mudstone 
and a break in slope (Figure 20B). There was no 
perceptible color change across the contact at this 
site. A 2.5-foot (0.8 m) thick coal, that grades 
laterally to a carbonaceous mud.stone, occurs in the 
upper portion of the Hell Creek Formation at this 
site. The contact was not placed at the base of this 
coal because of the presence of swelling "popcorn 
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weathered" mudstones above this bed. Palynomorph 
analysis of samples from this site determined that the 
Cretaceous/Tertiary boundary occurs within a 3.5-
inch (8. 9 cm) thick interval with a Cretaceous 
palynomorph assemblage present within the top 2 
inches (5 cm) of the mudstone below the coal and a 
Tertiary palynomorph assemblage present in the 
basal one inch (2.5 cm) of the coal. Therefore, the 
KIT boundary is within 1 to 2.5 inches (2.5-6.4 cm) 
of the contact between the Hell Creek and Ludlow 
Formations at this site (Figure 21, Plate 2). 

Identifiable leaf fossils were discovered near 
the base of the Ludlow Formation in the mudstone 
overlying the basal coal (Appendix C). No 
vertebrate or invertebrate fossils were found at this 
locality. 
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Section no. 18 
Landowner: Robert Kn.i.Bpcl 

WDLOW FORMATION 

Location: T130N R85W au. 23 (www/sw). Sioux County 
Top of accti.on: 2140 ful. 

Sandstone; ycllow/brown(frcsh and weathered), very fine t.o fine gnu.nod,~ upward, clayey, organic 
material along bodding planca. 

Mud.stone; gray /light brown (freah and weathered), sandy, sand lcnsee, iron oxide concrctiooa. 

Iisnite. 

HEU. CREEK FORMATION 
Claystone; modium brown (fraib and weathered), ca.rbonaceow, amber, plant fragments. 

Cla.y1tone; dad: brown to dm g.ray (freehand weathered), popcorn texture. 

Mudstone; gray/brown (fresh and weathered), popcorn texture. 

0.9 Sandatonc; gi:ay (frcah and weathered), very fine gnuned, clayey, conbun.8 leaf fouils, and root t:nlccs, 

jaroeite. 

0.6 

1.5 

0.5 

2.1 

0.8 

0.2 

1.2 

0.9 

3.4 

3.4 

Mudatotae; modium to darlc brown (freeb and weathcrod), organic rich, carbonaceous. 

Mud.tone; gray/brown (fresh and weathered), silty, popcorn texture. 

Mudlltone; rod/brown(fre.sh), brown (weathered), sandy, organic rich. 

Murut.one; gJ11.y/brown(frcah and wea.therod), tandy, i=it.e, fines upward. 

SllDCistone; gmy/brown (frc.sh and weathered), very fine grained, contains clay le:naee, ~ upward, 
oontains lignite laminae, jUO!lite, iron oxide staining. 

Cla.ystone; darlc: gray (fresh and weathered), carbonaceow,, fissile. 

Mud.st.one and interbodded claystone; brown to gray/brown (fresh and weathered), organic horizons in the 
mud.atone. 

Sandatone; gray (fresh and weatherod), very fme g~ed, poorly induratod, fines upward, iron ouic staining. 

Clayetone; dark brown (fresh), dark gray/brown (weathered.), silty, organic layeni, pl.Bnt fragmenm, popcorn 
texture. 

lntcrl>oddod aaodstone and mud.stone; SllDdstone; gray (fl'C8h and weathered), f"me grainod, jaroaitc spheJ'CII, 
iron oxide concretioos. Mudstone; gray (freab IUld weathered), pl.Bnt fngments and lignite leruies in IIOIIIC 

mudstone laycf11, root traces in aandstone. 

Figure 22. Measured geologic section no. 18 at the Knispel site, Sioux County. 

A B 
FigUre 23. Photographs of the Knispel site (section no. 18). A, East-facing slope of a small hill containing 
measured section no. 18. Arrow points to the Hell Creek/Ludlow contact. B, Pit excavated across the contact 
between the Hell Creek and Ludlow Formations at section no. 18. 
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Figure 24. Relationship between the Hell Creek/Ludlow lithostratigraphic contact (at 0) and the 
Cretaceous/Tertiary boundary interval at the Knispel site (section no. 18). Measurements are distances above 
and below the lithostratigraphic contact. 

Knispel Site (section no. 18) 

The Knispel site (section no. 18) is located 
on the southeast-facing slope of a small hill just 
north of a county road in section 23 (T 130N R85N), 
Sioux County (Figures 22 and 23). Approximately 
56 feet (17 m) of Hell Creek and 14.3 feet (4.3 m) 
of Ludlow strata are exposed at this site (Figure 22). 
The Hell Creek/Ludlow contact was placed at the 
base of a 2.5-foot (0.8 m) thick lignite at this site. 
This coal has burned to form clinker in the north 
side of this hill and elsewhere in this area. Several 
thin, light colored layers are present in the coal but 
were not identified as tonsteins. The contact 
between the Hell Creek and Ludlow Formations was 
placed at the base of the coal and not at the base of 
the underlying carbonaceous claystone because the 
general appearance of the claystone, including color 
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and presence of amber, is more characteristic of the 
Hell Creek Formation. A break in slope at this site 
coincided with the lithostratigraphic contact. The 
Cretaceous/Tertiary boundary occurs within a IO­
inch (25 .4 cm) thick interval that brackets the Hell 
Creek/Ludlow contact at this locality (Figure 24, 
Plate 2). This interval extends from 8 inches (20.3 
cm) below the top of the carbonaceous claystone that 
underlies the coal to 2 inches (5 .1 cm) above the 
base of the coal. 

Identifiable leaf fossils are present within a 
Hell Creek sandstone 7 feet (2.1 m) below the 
lithostratigraphic contact at this site (Appendix C). 
No vertebrate or invertebrate fossils were noted at 
this site. 
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Section no. 24 
I.aodowner: Bill Miller 

Covered. 

LUDLOW FORMATION 

Loc.tion: T136N R79W sec. 8 (ne/nw/~). Morton County 
Top of Section: 1900 ful. 

Interoodded Sandstone and Mud.atone; [organic rich layer at 7 feet 8 inchC8(2.4 m)], yellow/htown to gmy 
(freah and weathered), aandstone is fine grained, iron oxide stained, mudst.oneia iron oxide stained, iron oxide 
concr-c:tiona, organic laminae. 
Mudatone; black to brown (weathered and fresh), silty, sih Iensea at top, lignite lensea throughout, gradC8 
laten.lly into lignite, piADt fragments . 

HEI.L CREEK FORMATION 
Claystone; gni.y to brown 
(fresh and weathered), cvbonaceoua. 

Sandstone; gray (fresh and weathered), very fine grained, jaroaiu:. nodules , iron oxide staining. lam.iJlJle, 
organic rich. 

Claystone; black (fresh), light to medilDD gray (weathered), cvbonaceow, plant fragments . 

Mudatone; gray to red brown, contains selenite, popcomtexture, e-0ntains two organic rich lensea, the first 
ia 1 foot (0.3 m) above the base, the BCCOnd is 2 feet (0.6 m) above the. firet layer. 

Sandetone; gray/brown (frcah and weathered) , very f"me grained, mode:mtdy ioduni.ted, silty, jaroaite, fines 
upward, 

Iron oxide concretion zone. 

Mudetone; darx brown a1 base to Jmy/brown at top (fresh), medium gni.y (weathered) , sandy . popcorn 
texture, intcrbedded sa.orutone and mudstone, light gray to white S11DWtone to medium brown mud.atone, 
sandstone layers 1-2 feet (0.3-0.6 m) thick, mudstone 6 inches (15 cm) to 2 feet (0. 6 m) thick, sandstone 
ia very fine grained, silty . 

Mudatone; gray to darlc brown (fresh), light gray to medium gmy (we11.thercd), sandy in place.a, popcorn 
textllrc. 

Interbeddod aandatone aod mudetone; gray/brown to gray (fre8b) , 8nlY (weathered) . Sandstone, fine to 
modiumgrained,modc,:atetopoorlycemented, iron oridechips, contaio.smud.etonecwtll. Mudstone; aandy, 
pla.nt fragments. leaf foaeila . 

0 .9 Clayatone; olive green at hue to darlc brown 11.t top (freah) , medium gny (weathered). popcorn surface. 

3 

6.7 

23 

0.9 

2.0 

7.0 

Sandstone; medium brown (fn:ah), light gny (weathered) , very fine grained , no cemenl 

Mudstonc; gray /brown (fresh), light gray (weathered), sandy, popcorn, selenite cryltala 11.t surface. 

Sandstone; light gray (frcah and weathered) , very fme to fine grained , modet'lltcly indw-ated, concretion.ary 
zondl, croea-beddod, O£BaniC fo.rescta, clay rich horizons, fmes upward, manganese oxide concretions. 

Figure 25. Measured geologic section no. 24 at the Miller site, Morton County . 

A B 
Figure 26. Photographs of the Miller site (section no. 24). A, South-facing slopes of a small hill containing 
measured section no. 24. Arrow points to cut containing the Hell Creek/Ludlow contact. B, The head of the 
pick marks the contact between the Hell Creek and Ludlow Formations in west-facing roadcut at section 24. 
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Figure 27. Relationship between the HeII Creek/Ludlow Iithostratigraphic contact (at 0) and the 
Cretaceous/Tertiary boundary interval at the Miller site (section no. 24). Measurements are distances above 
and below the lithostratigraphic contact. 

Miller Site (section no. 24) 

The Miller site (section no. 24) is located on 
a small hill situated on the south edge of the 
Missouri River trench in section 8 (T136N R79W), 
Morton County (Figures 25 and 26). The lower 
portion of the section was measured at the southeast 
face of the hill and the upper portion of the section 
was measured at a road cut on the west side of the 
hill. Approximately 120 feet (37 m) of Hell Creek 
and 20 feet (6 m) of Ludlow strata are exposed at 
this site (Figure 25). The Hell Creek/Ludlow 
contact was placed at the base of a carbonaceous 
mudstone. This mudstone contains sand, silt, and 
lignite lenses. Both Laird and Mitchell (1942) and 
Lerbekmo and Coulter ( 1984) identified the upper 
portion of this carbonaceous mudstone as a lignite in 
their sections. Laterally, this mudstone grades into 
lignite. The underlying claystone is less carbon­
aceous and contains numerous root traces. The 
lithostratigraphic contact coincides with a break in 
slope and the top of the highest occurring swelling 
"popcorn weathered" claystone. 
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Thirty palynomorph samples were collected 
from this site. Twenty-five of these samples were 
obtained from 4- to-6 inch (10-15 cm) thick intervals 
at the base of the Ludlow Formation. The 
Cretaceous/Tertiary boundary occurs within a 4- to-
6 inch (10-15 cm) thick interval that straddles the 
contact between the Hell Creek and Ludlow 
Formations at this locality (Figure 27, Plate 2). 
Lerbekmo and Coulter (1984) placed the KIT 
boundary at this site approximately 10 inches (25 
cm) above the position that we chose. They further 
determined that the KIT boundary interval at this 
site occurred near the midpoint of polarity zone 
29R. Several of the samples we obtained for 
palynomorph analysis were sent to the Los Alamos 
Laboratory for iridium analyses, but an iridium 
anomaly was not detected. 

No vertebrate, invertebrate, or plant 
megafossils were recovered from this site. 
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Section no. 32 
landowner. John Stumpf 

LUDIDW FORMATION 

Location: T136N R79W aoc. 28 (nw/ae/,e), Morton County 
Top of aection: 1920 ful. 

Sandat.one; yellow/orange to buff (frcah and weathered), silty. very fine grained and poorly cemented. 

Carbonacooua Layer. 

SillBtone and Clayatone; interbedded, light gn.y to medium gray (freah and weathered), iron oxide 
ooncretionary layer, fracture fills, contains leaf foeaila. 

Claystone; d.ari[ to medium gray (fresh and weathered), interbedded with sih zonea, leaf foNile, iron oxide 
atained top 4 .inchea (10 cm), organic rich horizons, cbangea to dark gni.y/brown (fresh and weathered) at 
top of unit. 

Siltstone; gn1y /brown (fresh and weathered) , contain.a abundant leaf f0&11ils, containe jaroaite, and contains 
very fine saod and clayey zones. 

Clay-stone; darlc gray/brown (freeh and weathered), carbonaceous clay. 

Coal. 

HEIL CREEK FORMATION 
Sandstone and Clay&tone; light gray sand, darlc gray clayatone (weathered and fr-cab), layers ranse in 
thicknesa from 4 inches (10 cm) up to 2 feet (0.6 m), iron oxide stained, interbcddcd . 

Sandstone; gray to yellow/gray (weathered and fraih), -very fme to fine grained. quartz, moderately to poorly 
cemented, crou-bedded, contains carbonaceous zones, mudstonc lcnscs near base. 

Mudatone; light gray to gray (weathered and fraih), silty, popcorn texture, FeO concretions 2 feet (0.6 m) 
below top, contains sequoia conea. 

Sandstone; gray to gray/brown (weathered and fre&h), -very fine grained, FcO ataining, FeO concn:tioOIU)' 
layers . 

MU1Utone; gmy/brown to gray (weathered and freah), silty, carbonaceous at base and top, popcorn. texture, 
plant fragments . 

Mudstone; light gray to gray (weathered and frcah), silty, plant fragments, popcorn texture. 

Mudatone; brown (fresh), light gray/brown (weathered), cubooaceow, plant f1llgmenta. 

~~p 
4.5 Mudstone; gray to gray/brown (weathered and frah). intcrbcdded ailtatooe and claystonc, thin laminae, 

coanens upwards to sandstone lenses, cubonaceawi mudatone lenaca, FeO ttained, thin FeO coocretiona, 
plant fm,-mcnta, vertebJllie foaaila near base. 

2 0.6 Claystone; gray (weathered and fresh), fiuile. 

8 2.4 Mudetone; orange/brown (weathered and fresh), sandy, thin u.nd l~, FcO conCTC-tions, FeO atained, 
coarsens upward to sandatone. 

~ ... 1.9 

>3 

0 .3 Mudatonc; darlc brown (weathered and freah), carbonBcooU8, plant fragments to coal lcnaai. 

0.6 

>l 

Coal. 

Mudstone; dark:: brown (fresh) medium brown (we11.thered), ailty, carbonaceoll8, plant fmgments. 

Figure 28. Measured geologic section no. 32 at the Stumpf site, Morton County. 

A B 
Figure 29. Photographs of the Stumpf site (section no. 32). A, View to the north along the west edge of the 
Missouri River trench from section no. 32. B, East-facing slope containing measured section no. 32. Arrow 
points to the Hell Creek/Ludlow contact at the Stumpf site. 
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Figure 30. Aerial photograph of the west edge oftbe Missouri River trench containing the Stumpf site. View 
is to the west-northwest. Arrow points to section no. 32. 

Stumpf Site (section no. 32) 

The Stumpf site (section no. 32) is located 
in badlands terrain on the west edge of the Missouri 
River trench in section 28 (Tl36N R79W), Morton 
County, just a few miles south of the Miller site 
(section no. 24) (Figures 28-30). Approximately 
143 feet ( 44 m) of Hell Creek and 30 feet (9 m) of 
Ludlow strata are exposed at this site (Figure 28). 
The Hell Creek/Ludlow contact was placed at the 
base of a 15-inch (38 cm) thick coal. This contact 
coincides with a slight color change. It was 
determined by palynomorph analysis that the 
Cretaceous/Tertiary boundary falls within an 11-foot 
(3 .4 m) interval. Samples of the basal Ludlow coal 
contained a Tertiary palynomorph assemblage and 
samples from carbonaceous lenses within the 
underlying Hell Creek mudstone contained a 
Cretaceous palynomorph assemblage. There were 
no other carbonaceous beds within this interval to 
sample for additional palynomorphs. The temporal 
boundary is likely coincident with, or up to 11 feet 
(3 .4 m) below the contact between the Hell Creek 
and Ludlow Formations at this site (Plate 2). A 
two-foot (0.6 m) thick coal is present near the base 
of the exposed Hell Creek Formation. This coal 
appears to be of very good quality but, in the 
absence of outcrops, could not be traced laterally. 

The Stumpf site is by far the most prolific 
fossil producing site of the localities studied in 
south-central North Dakota. Hoganson et al. (1994) 
identified at least 34 taxa of vertebrates, 9 taxa of 
invertebrates and plant megafossils from the Hell 
Creek Formation at this site (Appendix C and D). 
There are four main fossil producing levels at the 
Stumpf site. Diverse assemblages of vertebrate 
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fossils have been recovered from fluvial deposits of 
the Hell Creek Formation at positions 102 feet (31 
m) and 136 feet (41 m) below the contact of the HeJl 
Creek and Ludlow Formations. These assemblages 
consist of several species of fish, amphibians, 
reptiles (including turtles, crocodiles, alligators, 
champosaurs, and several dinosaur tax.a), and 
mammals, including Meniscoessus robustus, all of 
which are typical of latest Cretaceous northern 
Western Interior of North America terrestrial faunas 
(Appendix C and D). 

The marine Breien Member of the Hell 
Creek Formation is exposed 140 feet (42 m) below 
the Hell Creek/Ludlow contact at the Stumpf site, 
just below the lowest dinosaur fossil-bearing bed. 
Marine vertebrate, invertebrate, and trace fossils 
were recovered from the Breien Member at this site 
(Appendix C and D). The relationship of the Breien 
fauna to the Hell Creek terrestrial fauna at this site, 
and to other Cretaceous and Paleocene marine 
faunas in south-central North Dakota, is being 
studied by Hoganson. 

Identifiable leaf fossils were noted at three 
levels in the interval 6 to 14 feet (1.8 to 4.3 m) 
above the contact between the Hell Creek and 
Ludlow Formations and at two levels, 102 feet (31 
m) and 136 feet (41 m) below the contact at the 
Stumpf site. Leaf fossils were not collected. 

In September, 1994 the Stumpf site was 
added to North Dakota's Registry of Natural Areas 
because it is one of North Dakota's most important 
paleontolo gical sites. 
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Section no. 23 

Landowner: University of Mary 

Covered. 

CANNONBALL FORMATION 

Location:T137N R80W sec. 3 (sw/ne/ne), Burleigh County 

Top of section: 1780 fasl. 

lnterbeddedsandstoneand mudstone; gray to gray/brown (fresh and weathered), vezy tine sand. 

Claystone; dark brown (fresh), light brown (weathered), carbonaceous. 

Sandstone; gray/brown (fresh and weathered), fine to medium grained, moderately cemented, 
concretions, organic laminae, cross-bedded, iron oxide concretions. Fossils: Carcharias taurus 
(shark), alligator. 

LUDLOW FORMATION 
Lignite. 

Mudstone; dark gray (fresh), light gray (weathered), sandy in places, numerous plant fragments, 
leaf fossils, carbonaceous zone at 6 feet ( 1. 8 m), iron oxide stained. 

Sandstone; gray (fresh and weathered), very fine grained, silty, poorly cemented, silt increases 
upward, jarosite. 

Mudstone; light to dark brown (fresh), light brown (weathered), carbonaceous, ambe:r, plant 
fragments. 

HELL CREEK FORMATION 
Claystone; dark to dark brown (fresh), medium gray (weathered), blocky to fissile, popcorn 
texture. 

Sandstone; gray (fresh and weathered), very fine grained, clayey, moderately consolidated, 
contains organic rich laminae and lenses, iron oxide concretions, popcorn texture on mudstone, 
contains clay. 

Figure 31. Measured geologic section no. 23 at the University of Mary site, Burleigh County. 

Figure 32. Aerial photograph of the east edge of the Missouri River trench. Arrow points to the University 
of Mary site (section no. 23). 
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Figure 33. Photographs of the University of Mary site (section no. 23). A, West-facing slope beneath the 
Assumption Priory containing measured section no. 23. B, The base of the Cannonball Formation was placed 
at the top of the thin ]ignite in this photo. 

University of Mary Site (section no. 23) 

The University of Mary site (section no. 23) 
occurs along the west-facing slope of a cut 
overlooking Apple Creek, just to the southwest of 
the Annunciation Priory in section 3 (T137N 
R80W), Burleigh County (Figures 31-33). 
Approximately 63 feet (19 m) of Hell Creek, 35 feet 
(11 m) of Ludlow, and 34.5 feet (10.5 m) of 
Cannonball strata are exposed at this locality (Figure 
31). The Hell Creek/Ludlow contact was placed at 
the base of a carbonaceous mudstone. This contact 
coincides with the top of the highest observable 
swelling 11 popcom weathered" claystone and with a 
break in slope. The palynologically defined 
Cretaceous/Tertiary boundary occurs in the basal 
5.5 feet (1.7 m) of the mudstone underlying the coal 
at this locality. Therefore, the KIT boundary occurs 
16.5 to 22.3 feet (5-6.8 m) above the Hell Creek/ 
Ludlow contact at this site (Plate 2). This section is 
one of the few sites where the contact between the 
Hell Creek and Ludlow Formations and the temporal 

33 

boundary did not closely coincide. It is possible that 
the Hell Creek/Ludlow contact was not picked 
correctly at this site and that the true 
Jithostratigraphic contact is 16 feet (4.9 m) 
stratigraphically higher, i.e., between the sandstone 
and overlying mud.stone. However, despite 
numerous visits to this site, no field evidence was 
found to justify changing the position of the contact. 
As previously noted, it is often difficult to 
differentiate between Hell Creek and Ludlow 
sandstones. The highest occurrence of swelling 
claystone and the break in slope were the 
determining factors in placing the contact below, 
rather than above, the sandstone at this locality. 

Marine fish fossils, characteristic of the 
Cannonball Formation, were recovered from the 
Cannonball Formation at this site (Appendix C). No 
fossils were found in the Hell Creek or Ludlow 
Formations. 
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Section no. 22 
Landowner: Ken Soyder 

CANNONBALL FORMATION 

Location: T136NR78W sec. 28 (ne/ne/se), Emmons County 
Top of section: 2000 fas!. 

Sandstone; gray/brown (fresh and weathered), very fine to fine grained, cross-bedded, poorly 
cemented, containa clay and organic rich lenses, and concretions. 

Mudstone; gray to gray/yellow/brown (fresh and weathered), interoedded sand lenses, very fine 
grained, iron oxide stained. 

LUDLOW FORMATION 
Mudstone; gray to dark brown (fresh), gray (weathered), two (1.5 foot (0.5 m) thick) 
carbonaceous zones, [one at 2 feet (0.6 m) and one at 5 feet (1.5 m)], numerous root lnlces. 

Lignite. 

HELL CREEK FORMATION 
0.3 Silt.stone; light gray (fresh and weathered), clayey, numerous root traces. 

11 

5.8 

2 

11 

28.5 

3.4 

1.8 

0.6 

3 .4 

8.7 

Mudstone; brown to black (fresh), light gray (weathered), carbonaceous, contains lignitized 
wood, clay content increases upward, leaf fossils. 

Claystone; gray to dark. gray (fresh and weathered), blocky. 

Mudstone; dark brown (fresh), light brown (weathered), carbonaceous, carbonized wood, amber . 

Mudstone; gray (fresh and weathered), sandy, iron oxide staining, jarosite, dark gray clay 
stringers . 

Sandstone; gray to gray/brown (fresh and weathered), very fine to fine grained, cross-bedded, 
moderate to poorly cemented log concretions, organic laminae, 2 foot (0.6 m) thick organic 
rich fore8el!I near the middle of the unit, interbedded with popcorn weathered mudstone in 
places, organic rich at the base, iron oxide concretions. 

Figure 34. Measured geologic section no. 22 at the Snyder site, Emmons County. 

A B 
Figure 35. Photographs of the Snyder site (section no. 22). A, West-facing slope of a ridge containing 
measured section no. 22. Arrow points to the contact between the Hell Creek and Ludlow Formations. B, 
Test pit excavated across the Hell Creek/Ludlow contact (arrow) at section no. 22. 
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Figure 36. Relationship between the Hell Creek/Ludlow lithostratigraphic contact ( at 0) and the 
Cretaceous/Tertiary boundary interval at the Snyder site (section no. 22). Measurements are distances above 
and below the lithostratigraphic contact. 

Snyder Site (section no. 22) 

The Snyder section (section no. 22) is 
located on a west-facing slope at the east edge of the 
Missouri River trench in section 28 (T136N R78W), 
Emmons County (Figures 34 and 35). This section 
is the easternmost locality that we tested for 
palynomorphs. Approximately 60 feet (18 m) of 
Hell Creek, 7 .5 feet (2.3 m) of Ludlow, and 39 feet 
(12 m) of Cannonball strata are exposed at this site 
(Figure 34). The Hell Creek/Ludlow contact was 

placed at the base of a 0.5-foot (0.2 m) thick lignite. 
The contact was placed 11.2 feet (3 .4 m) above a 
slight break in slope corresponding to the highest 
occurrence of well-exposed swelling claystones and 
a slight color change, because the intervening 
mudstone is more characteristic (e.g., contains 
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amber, reddish brown paper claystone, conifer 
needles, etc.) of typical Hell Creek strata. The 
Cretaceous/Tertiary boundary occurs within a 12-
incb (30 cm) thick interval of siltstone underlying 
the contact between the Hell Creek and Ludlow 
Formations (Figure 36, P]ate 2). 

Identifiable leaf fossils were observed in 
mudstone 10 feet (3 m) below the top of the Hell 
Creek Formation (Appendix C). Marine vertebrate 
(cartilaginous fish) fossils characteristic of the 
Cannonball Formation were recovered from the 
bas-al Cannonball sandstone. No vertebrate or 
invertebrate fossils were found in the Hell Creek or 
Ludlow Formations at this site. 



SUMMARY 

Stratigraphy 

The much accepted practice of placing the 
contact between the Hell Creek and Ludlow 
Formations at the base of "the lowest persistent bed 
of lignite.. established by Calvert (1912) and 
followed by subsequent workers is only one of 
several stratigraphic criteria that can be used to 
identify this contact in south-central North Dakota. 
During the course of this study, we placed this 
stratigraphic contact at the base of a lignite at only 
35 percent of the 31 sections. We determined that 
no single criterion is definitive in identifying the 
Hell Creek/Ludlow contact throughout south-central 
North Dakota. The following criteria - the 
stratigraphically lowest persistent lignite or 
carbonaceous mudstone, the stratigraphically highest 
swelling clay, change in slope, color change, and 
increase in observable bedding - were used in 
combination to successfully trace this stratigraphic 
contact in the study area. 

Paleontology 

Palynologic data indicate that the KIT 
boundary and the contact between the Hell Creek 
and Ludlow Formations are essentially coincident at 
many of the sites, but may be as much as 10 to 20 
feet (3-6 m) apart at some of the others. We 
succeeded in narrowing the stratigraphic interval 
containing the Cretaceous/Tertiary boundary to 
within a foot (0.3 m) at eight of the study sites 
(section nos. 1, 2, 11, 17, 18, 20, 22, and 24) 
(Table 1). This is consistent with the results of 
other studies that focused on the relationship 
between the Cretaceous/Tertiary boundary and the 
contact between the Hell Creek and Ludlow ( or 
Tullock) Formations in the upper Great Plains 
(Johnson et al., 1987; Nichols and Fleming, 1990; 
Swisher et al., 1993). In areas where the Hell 
Creek/Ludlow contact was difficult to identify (e.g., 
section nos. 5 and 23), the KIT boundary and 
contact may be closer than indicated. 

Vertebrate fossils were generally sparse at 
the measured section sites but, where present, 
support the placement of the KIT boundary as 
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determined by palynological analysis (Appendix C 
and D). Dinosaur remains were recovered at only 
5 of the 32 sites and no articulated dinosaur fossils 
were found. Dinosaur remains at four of these sites, 
section nos. 10, 9, 3, and 32, were found 45, 23, 
40, and 100 feet (14, 7, 12, and 31 m), respectively, 
below the base of the Ludlow Formation. The 
Cretaceous/Tertiary boundary was identified at two 
of these dinosaur fossil-bearing sites: Katus and 
Stumpf (nos. 9 and 3 2). Dinosaur fossils were 
found 6 to 36 feet (2-11 m) below the KIT boundary 
at the Katus site and 101 to 111 feet (31-34 m) 
below the KIT boundary at the Stumpf site. The 
KIT boundary interval thickness was great at both of 
these sites due to a lack of carbonaceous beds that 
could be sampled for palynomorphs. Identifiable 
leaf fossils were noted at 13 of the stratigraphic 
sections (Appendix C, Plate 1). Six of these 
sections contained identifiable leaf fossils within 10 
feet (3 m) on either side of the Hell Creek/Ludlow 
contact. Leaf fossils were not collected during this 
study. 

Boundary Clay, Shocked Minerals, and Iridium 

Field observations made at 32 sites in south­
central North Dakota indicate that an identifiable 
boundary clay layer is not present in this area. The 
work of Johnson et al. (1987, 1989) indicates that an 
identifiable boundary clay is also not present in 
southwestern North Dakota. In contrast, a KIT 
boundary clay layer is commonly recognized in the 
Raton Basin of New Mexico and Colorado (Pollastro 
and Pillmore, 1987), the Powder River Basin in 
Wyoming (Bohor et al., 1987; Nichols and Fleming, 
1990; Nichols et al., 1992), the western edge of the 
Williston Basin in Montana (Bohor et al. , 1984), and 
in the Canadian Provinces of Alberta and 
Saskatchewan (Nichols et al., 1986; Nichols, 1990; 
Sweet and Braman, 1992). The absence of a 
boundary clay layer in North Dakota makes it 
impossible to accurately identify the KIT boundary 
in the field without palynological analyses. 

Only the Miller site (section no. 24) was 
tested for iridium. The results of this test did not 
indicate an iridium anomaly at the palynologically 
determined KIT boundary although one was detected 
2.5 feet above (0.8 m) it. No shocked minerals 



Table 1. Relationship of the KIT boundary and the contact between the Hell Creek and Ludlow 
Formations at measured sections in the study area. 
MEASURED SECTION BOUNDARY UTIJOLOGY BOUNDARY INTERVAL RELA.TIONSHIP OF BOUNDARY TO CONTACT 

1 -- Rattlesnake Butte coal/underclay 8 inches (25 .4 cm) 4 - 12 inches (10.2 - 30.5 cm) above 

2 -- Cannonball Stage Stop coal/underclay 3 inches (7 .6 cm) 1.5 - 4.5 inches (3.8 - 11.4 cm) above 

5 -- Fleck mudstone/siltstone 9 feet (2.7 m) 2 - 11 feet (0 .6 -3 .4 m) above 

9 -- Katus sandstone/mudstone 30 feet (9, 1 m) 
11 - Brenner coal 11 inches (27.9 cm) 

12.5 feet (3 .8 m) above to 17.5 feet (5.3 m) below 
2.5 - 3 .4 feet (0.76 -1.04 m) above 

17 - Suinding Rock Sioux coal/mudstone l foot (0.3 m) 
18 -- Knispel coal/underclay 10 inches (25 .4 cm) 

9 inches (22.9 cm) above to 3 inches (1.6 cm) below 
2 inches (5 .1 cm) above to 8 inches (20.4 cm) below 
1 inch (2.5 cm) above to 2.5 inches (6.4 cm) below 
0 - 12 inches (0 - 30.5 cm) below 

20 -- Schaeffer coal/underclay 3 .5 inches (8.9 cm) 
22 - Snyder siltstone 1 foot (0.3 m) 
23 -- University of Mary mud stone 5 .5 feet (1 . 7 m) 16.5 to 22.3 feet (5 to 6.8 m) above 

24 - Miller mudstone 4-6 inches (10-15 cm) 3 inches (7 .6 cm) above to 3 inches (7 .6 cm) below 
0-11 feet (0-3 .4 m) below 32 -- Stumpf mudstone 11 feet (3 .35 m) 

were identified in the sediment cores obtained from 
the KIT boundary intervals at six of the study sites 
(section nos. l, 2, 11, 18, 20, and 24). Very few 
sand-size grains were extracted from the 
Cretaceous/Tertiary boundary interval in these 
cores. It is possible that the sampling procedure 
missed areas that contained ejecta grains because 
cores are only one inch (2.5 cm) in diameter. The 
absence of shocked grains may therefore, be the 
result of sampling bias that could be corrected by 
taking a larger sample of the boundary interval. 

Cretaceous/Tertiary Event 

We were able to identify the Cretaceous/ 
Tertiary boundary at several localities in south­
central North Dakota by application of palynological 
criteria that have been used in other parts of the 
western region of North America. Our results 
corroborate numerous other studies done throughout 
the Western Interior of North America, that a 
significant reduction or extinction of plant taxa, that 
had thrived during the Cretaceous, took place at this 
point in geologic time. The general sparsity of 
dinosaur remains observed in the Hell Creek 
Formation at the sites studied does not allow us to 
speculate on whether the demise of dinosaurs at the 
end of the Cretaceous was sudden or gradual. 

The absence of boundary clay, iridium 
anomalies, and shocked minerals at the KIT 
boundary sites does not necessarily provide evidence 
against the theory of extraterrestrial impact at the 
end of the Cretaceous. In the Western Interior of 
North America, shocked minerals and an iridium 
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anomaly generally occur in an exceedingly thin layer 
at the top of the KIT boundary clay (Izett, 1990). 
Without the boundary clay as a guide, it is 
extremely difficult to adequately sample for this 
layer. Therefore, our inability to find shocked 
minerals and an iridium anomaly or a visible 
boundary clay at the boundary should not necessarily 
be used as evidence against a major impact event. 
Johnson et al. (1989) interpreted the absence of a 
boundary clay at their Pyramid Butte site in 
southwestern North Dakota to be the result of a 
local unconformity. However, that is not a viable 
explanation for the absence of a boundary clay in at 
least six of our study sites where the KIT boundary 
occurs in a coal or between a coal and an underlying 
carbonaceous mudstone, where unconformities 
would not be expected and where one would expect 
impact ejecta to be preserved. Therefore, other 
explanations for the absence of a boundary clay must 
be considered. Although mixing of the ejecta glass 
with detrital material may have contributed to the 
absence of a recognizable boundary clay at some of 
the sites, it does not serve as an adequate 
explanation for all six of the previously mentioned 
sites, because mixing ( excluding bioturbation) is not 
generally common in swamp or lacustrine settings. 
If the impact theory is correct} the absence of a 
boundary clay in south-central North Dakota may 
indicate a greater distance from the impact site, 
compared to other sites in the Western Interior of 
North America. It is also possible that wind 
currents and precipitation caused an uneven 
distribution of ejecta over the Earth's surface 
resulting in selective deposition of boundary clay 
sediments. 
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APPENDIX A 
Explanation of Symbols Used on Stratigraphic Columns 

• Sandstone Q Quaternary Deposits . 

Lill Siltstone Tc Cannonball Formation (Paleocene) 
. 

g Mudstone c::J Paleocene Vertebrates 
Q Claystone Cretaceous Vertebrates 

• Lignite ~ Dinosaur 
[g Concretion ... Non-dinosaur 

• Covered Interval ~ Invertebrates 
Ll Volcanic Ash fJ Leaf Fossils 
~ \ Till 

Vertica I scale for all measured sections in text. 

Meters Feet 

20 

30 100 
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APPENDIXB 
Additional Measured Sections 

Sccti.on no. 3 
~r: Campbell Bro1hcn 

QUATERNARY 

I..oc:ation; T131N R86W acc. 35 (c nl/2), Gnmt Coun1¥ 
~ &eetion: 2145 ful. 

Loam; gray/brown (frcah and weathered) gravel at buc. 

UJDU)W FORMATION 

Sandstone; light yellow/green/gn.y(frcah), light gray to oran,e (weathered), fine to very fine grained, poorly 
lithified, limonite concrctione and apberca, organic lemcs, iron oxide stained, iron oxide concrctionary layer 
at 11 fcet(3.4m). 

Mud.ttone; light ,ray to light brown (frcah), light brown (weathered), silty clay, carbonaccowi, plant fnagmmlJI, 
111Dbcr. 

HEIL CREEK FORMATION 

Mudatonc; light gray to light brown(frcah), lisht gray (weathered), ailty clay to clayey silt. popcorn texture. 

Sandstone; yellow brown (frasb) to light gray (weathered), fine grained, clean. poorly cemented, weakly 
lithificd, contains orsanic leruea, concrctiQDIU}' zonca, finC8 upwaxd, croee--boddcd. 

Claystone; .lisht to medium brown (frcah), light 1ray (weathered), popcorn texture, very carbonacco1111 in 
the upper half, very darlc brown clayatone with lignite fras,mmll. containa iron oxide stained zooce, contama 
11mbcr. 

SIIDdatone; grcen/Jray (fresh) ta light gray (weathered), fine grained, very well lithified, well sorted. 
crou-heddcd, containa 1/2 to 2 foot (0.2-.6 m) lhiclc ~UI clay zonca with plant fragmenbl. 

Clayltonc; liah1 aray to li&ht brown (fr'CBh), liaht gn.y (weathered), silty, plant fragments, blocky. 

Clayatone; medium to darlc brown (frcah), light gray to blaclc. (weathered), silty, carbonaceous, contain& 
carbonized wood near the top, j.roaite. Foaaila: unidentified dinosaur booea found at ba&e of section. 
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Thickness 
Pt. M. 
10 3.0 

10 3.0 

8 2.4 
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17 S.2 

2 0.6 
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13 3.9 

7 2.1 

14 4.3 

2 0.6 

13 3.9 

4 1.2 

4 1.2 

2 0.6 

8.7 2.7 

Soctioo 00, .ol 
Landowner: Campbell Brothers 

QUATERNARY 
Covered interval. 

Loam. 

LUDLOW FORMATION 

Location:T130N R86W acc. 1 (Mlwnr.,), Grant County 
Top of aeci:ion: 2130 fiul 

Saod.atooe; ¾ht yellow/gray (freah), light gmy (weathered), fine grained, poorly cemented, crou--bedded, 
iron oxide stained, contains concretiot:111 at the top. F01Sils: lepi&osteid (gar) acale. 

Mumtone; light gmy/brown(freAh), ycllow/brown(weatherod), interbedded with silt and silty clay, iron oxide 
stained, fiasile, pyrite sphericulea, iron oxide coocretionuy layers. 

Sandstone; gray to brown (fresh), pwplc to brown (weathered), fine grained, contains numerous organic 
lenses. 

Mudstooe; light gny/brown (fresh), light gmy (weathered), interbedded sandstone, sih and clay, contains 
ca.rbooaccous clay bod in middle of unit. 

Claystonc; dad: brown (freah), light brown (weathered). carbonaccoua, conlllins plant fragments. 

Mudatone; clan.'.. gray/black: fresh and weathered 8\U'facea. 

Mudatooc; medium to darlc red/brown frcah and weathered irurfaca. 

HELL CREEK FORMATION 
C.laystone; medium to darlc: brown (freah). medium gray (weathered), carbonaceoua, contiiins plant fragments, 
popcorn texture, dark. brown to black fissile at the top. 

Sandstone; gray/brown (fresh), light gray (weathered), very fine to fme gnined, organic lenses, poorly 
cemented, clayey, conbline leaf fossils. 

Clayatone; dm brown (fresh), light brown (weathered), silty, 
iron oxide coocretiom at the base. 

Sandatone;darlc gnay to light 1111.y/onmge(frcah), lightgl1ly (weathered) , very fine tD f"me grained., silt/clily 
(organic rich) Btrin1crB. 

Mudatooe; liaht gray to medium brown (fn:ah), lisht gmy to dad:: gray/blac]c (weathered), silty clay to clay 
sih, oonbtins camonaccous horizooa, abundant plant fragmcnta, popcorn t.exture. 

Sllnlatooe; light yellow/gray (frcah), light gray (wc.thcred), iron oxide atainod, very fine kl fine grained. 

Mud&tooe; light to medium gray (freah), light gray (weathered), silty claystone, contains plant fragments. 

Organic horizon; carbonaccoua clay, J.isht to dad:: brown to red/brown (freah), black (weathered). 

Sandetonc; light gray to greco(frcah), lightyellow/gray(wcathcred), fine grained, poorlycancntal, contains 
organic lCDICII and concretionuy zonca, contama manganese oxide concretions, 1-2 foot ( 0 . 3-0. 6 m) -thick 
organic horiron at base. 

Claystone; light gray to darlr.:: brown (frcah), light to medium gray (weathered), silty, carl>ooaceoua in places, 
popcorn texture. 

Sandatone; light gray/brown (fresh). light gray (weathered), fine grained, poorly cemented, well sorted. 

Mudatone; light to medium gray/brown (fresh), light gray (weathered), clayey silt to silty cla.y, contains plant 
fragmcnta, carbonaccoua zones, popcom texture at top. 

Organic horizons. 

Saod&tone; light grcm/gnsy (fresh), J.isht gray (weathered), very fine to fine grained, croea-bcdded, poorly 
canc:nttd, iron oxide Blllining, finca upw1Ud to clayey !lllDdatone. conblins organic lcmea. 

Mudstone; darlc brown (fresh), light to medium gni.y (weathered.), carbonaceous. 

Clayatone; dad:: gray (frcah), .light to medium gniy (weathered). silty. popcorn texture. 

Organic horizon; dark brown (frcah), light blade (weathered), silty/granular, ja.rosite. 

Suwi8tooe; medium gray to brown (frcah), light gray (weathered), ailty, poorly oeme21tod, iron oxide lltaining. 
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Section no. 5 
Lmdowncr: Clare.nee Fleck 

Covered. 

LUDI.DW FORMATION 

Location: T134N R.82W aec. 11 (Klnw/ew), Morton County 
~:1990ful. 

Siltstone; light yellow/gray (frah aod weathered). 

Claystone; medium brown (frc8h and weathered), aubonacco1111, 

Siltatone; light to medium gray (fresh), light yellow/gray (weathered), iroo oxide stained, iron oxide chip,, 
coaneoa to sandstone at top. 

Claystonc; darlc. brown to black (fresh aod weathered), caroonaoeous, gl'lllh to lignite at the top of unit. 
coruaina plant fragments aod amber. 

Mudstonc; light to medium gray (frcah), light gmy/brown(wcathcred). selenite cryl!tllls, iron oxide stained, 
iron oxide chips and concrctiOD11, conlllins leaf fouill. 

Sandl!tone; light gray (fresh and weathered), very fme grained, conlllina .interbeddcd cari>onsceoUA clayBtonc 
at the top, contains jaroaite. 

Mudstone; medium brown (frcah), light gray (wcathcred), plant fralJilenbl, iroD oxide cb..ipe (the hue of the 
unit ii at the 2od tnajor break in alope) . 

Mudstonc; light gray/brown (fresh aod weathered), contairu silt zones, contains iron oxide concretions, 
cont.ins selenite and jaroaite. 

Claystone; medium to darlc. brown (fre8h and weathered), carbonaceous, black paper shale at the top. 

Mudatone; light to mcdium gray/brown (fresh and weathered), silty, laminated, contains 1 foot (0.3 m)-thick 
sih lem, contains 2 inch (5 cm) thick lignite stringer. 

HEIL CREEK FORMATION 
Mudatone; light to medium brown (fresh and wcathercd), carbonaceous, contains amber. 

Clayatone; gray/brown (frcah and wcathercd), silty, popcorn texture, contain.s plant fragments (the top of 
the unit ill the 1st major break in the slope). 

Sandstone; light gray (fresh aod weathered), very fine gnuned, conta.ins I foot (0.3 m)-thick carbonacoous 
clay bed in middle of the unit. contains numerous clay atone kn&ea . 

Claystone; modium brown/black (fresh), light brown (weathered), carbonaccow. 

Sandstone; light gray (frcah and wcathercd), very fine gruned, poorly cemented.. 

Mudstone; light to medium brown (frcah), light it"II.Y (weathered), sandy, contains numerous plant fragments, 
roota. 

Claystooc; dark. brown/black(freah aod weathered), conta.ina amber, carl>onaceoua. 

Saodatonc; gray/light brown (frah aod weathered). fmc to medium grained, c.rou-boddod, organic lamioa.e, 
fines upward. 
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Section no. 6 
undowncr. State 

CANNONBAI.L FORMATION 

Location: T134N R81W aec. 16 (ae/~Pi), Morton Counfy 
Top of section: 2000 ful. 

Mud.stone; gray/brown (fresh and weathered), contama very well cemented ll&Ddatone lcnsca which thicken 
upward, ah.ark tecdi in sandstone. 

LUDLOW FORMAnON 

Claystone; medium to ~brown (frcah and weathered), carl>onaceoU11. 

Clay1tone; lisht 1ray to brown (fresh and weathered), ailty, aome silt lensea, iron oxide chipll. 

Claystone; light gray to brown (fresh and weathered), carbonaceous, lignit.e lltrinaere, (ltakod). 

Clayatone; modium to~ brown/black (fresh and wcathcttd). 

Claystonc; modium gray (fu:ah and weathered), ailfy, popcorn texture. 

Mu&tone; light to medium gl'lly (frah and weathered), containa 1 to 2 foot (0.3-0.6 m)-thick: caroooaceous 
clay 1cnacs near center of 1he unit. 

Sandstone; light gl'lly/grec:n(frcah and weathered), very fine to fine grained, silfy, croea-bedded. 

Sandstone; light rcddiah/brown (fre.sh and weathered), very fine to fine grained, poorly cemented, iron oxide 
stained, silty. 

0.3 Claystone; black (frah and weathered), carbooaceoua to lignitic (atakcd). 
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2 

39 

34 

11 

2 

15 

3 
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0.6 

11.9 

10.4 

3.4 

0.6 

4.6 
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HEIL CREEK FORMATION 

Mudatone; light to medium brown (frcah and weathered). 

Sandstone; light gn.y (fresh and weathered), very fine grained, ailfy, poorly cemented, iron oxide ltained. 

Mudstone; ~ to medium brown (frcah), light gray/brown(wcathcrcd), contain.a eatbonaceow zones, 
contJtim 2 to 3 foot (0.6 0.9 m)-thick aandatonc lcn&Ca near top of unit, popcorn texrurc. 

Sandstone; light gray (frah and weathered), fine to medium grained, poorly sorted, poorly cemented, Cros&­

beddod (trough), organic rich lco.ece, micaccous. 

Sandstone; light gray (fl'Cllh and weathered), fine rrained, poorly cemented, contaim numerous clay lcmca 
at top of the lmit, contai:na iron oxide concretions at top of the unit. 

Clayatonc; modiwn brown (frab and weathered). 

Sandstone; light 81'1lY (fresh and weathered), fine grained, poorly cemented, IIOme clay lcnacs, clay content 
incrcaaea upward. 

Claystonc; medium to dark brown (fresh and weathered), cari:,onaccow, lignitic lcnaca, contains plant 
fragment!. 
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Section no . 7 
Landowner: Joe Keller 

QUATERNARY 

Location: T134N R83W ICC. 24 (tw/nw/nw), Morton County 
~ &ection: 1920 ful. 

Covered; m.oetJy sand and gravel (Pleistocene outwuh). 

LUDWW FORMATION 
Sandstone; yellowish to ffllldiah brown (freah), light gray/yellow (weathered), very fine grained, clayey, i.roo. 
oxide stained, foaailiferoua. 

0.03 Claystone; reddish brown to dark. gray (ftcah), light gray (weathered), carl>onaccoua. 

1. 8 SiltBtone; light gray to yellow/brown (frcah), liJht gI1ly (weathered), clayey. iron oxide concretionary layers, 
also contam.s clay rich laycn. 

0.5 Claystonc; .reddish brown (freah), li8bt py (weathered), carl>onaceous. 

HEIL CREEK FORMATION 
0.9 Claystone; mcdimn to dark gray (freah). light 1ray (weathered), blocky to fissile. 

4. 3 Mudatone; reddish brown to medium gray (fresh), light gray (wcatheted), contains plant fragments, iron oxide 
staining. 

0.9 Claystone; medium reddish/brown.(freah), medium gray (weathered), carbonaceous, oontains lignite lenaes. 

2.4 Mudstonc; light to mcdi\Dll gray/brown (fralh and weathered), contains 2 foot (0.6 m)-thick sand lens , plant 
fragments, jaroeitc. 

0.2 ClaystDne; dart: gn.y/black: (freah), light gray to medium gray (weathered), carbonaceoua, ahaley. 

3 .4 Sandstone; light gnay/brown(frcsh), light gray (weathered). fme to medium grained, poorly sorted, poorly 
to moderately cemented, containa organic rich lcnaea, fines upward. 

0.9 Clayatonc; d,uk guy-gray (freah), light to medium gray (wcalhcred), popcom texture. 

0 .6 Clayst.onc; light reddiab-brown/black:(freah and weathered), carbonaceoua. 

4.0 Mudstone; lightgray/brown(fuah), lightgny (wcathered),silty, 1 foot(0.3)-thiclc:carbonaceoualcns at base, 
unit fin~ upward. 

2 .4 Mudstone; gray/brown (fresh). light to medium any (weathered), containa prominent dart: gray layer. 

0.2 Clayatonc; U,bt to medium brown (nuh and weathered). carbonacwU1, contains lignite lenacs. 
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Section no. 8 
landowner: State 

Cover"'l. 

WDLOW FORMATION 

U>Cation: TI34N R83W ICG. 16 (wnw/n,), Morton County 
Top of Section: 1980 ful. 

Sandatone; yellow/brown (frcab), light grwy/brown (weathered), very fine to fine 1n.inod, clayey, 
poorly indU11lt.od, contaim organic rich lenses, cross-bedded, C011Cretiona, iron oxide concretiODa, 
intabcdded with claystone. 

HEIL CREEK. FORMATION 
Mudstone; filly to brown (fresh), gray to gray/brown (weathered), sandy, carbonaceous at top. 

Sandstone; light 1ray to gray (.frcah), light gray (weathered), clayey, iron oxide stained. 

Mudstone; d.ark11rayto gray (frcab), lightgray(weathered), contain& plantfragmcnts, dark organic rich zone11. 

Claystone; darlc gray (frceh), light llllY (weathered), carbonaceous. 

Mud.atone; 1111.y (fresh), light gray (weathered), plant fragmentB, popooro texture. 

Saodatonc; buff (freah), light gray (weathered), veiy fine 1nuned, poorly cemented, cross-bedded at top, 
contains organic lCDSC8, jaroen:e oodulea. 

Claystone; dark brown to black: (frcah), medium brown (weathered), cubonaccoua, lignite pods. 

Sandstone; gray/brown (frcah), light g111.y (weathered), veiy fine gnuned, silty , finca upwud, contains clay 
leo&ea. 
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Section no. 10 
Landowner. Jim McGregor 

LUDLOW FORMATION 

Location: T130N R88W IICC. 35 (nenwse), Grant County 
~ section: 2200 ful. 

Sandatnne; gray (freah), gray/yellow (weathered), eilty, very fine grained, poorly ccmcotod. 

Mud.stone; yellow/gray (fresh and weathered). iron oxide stained, iron oxide concretiODJI, plant frag;menta. 
iron oxide concretionaiy layer a1 the tnp. 

Clayatooe; gray/brown (mah), yellow/brown (weathered), blocky. phmt. fragments, cacbonaccous. 

CJayatooe; darlc brown (frc:ah), gn1y/brown (weatbeml), caroonaceoua, conmim 3 to 4th.in lignite beds. 

Lignite. 

Clsyatone; reddish brown (fresh), gray/brown (weathered), carl>onaceoua. 

Covered. 

lignite. 

HEIL CREEK FORMATION 
Clayatone; ~ brown to black (frcah), light g111y (weatherai), blocky, conta.i:na plant fragments. 

Mudstooc; gray/brown(frc:ah), gray (weathered), sandy. contaim amber, clay rich horizons,jaroeite. contains 
plant fragments. 

Mudstone; reddish brown(freah), light gBylhrown(weathercd), sandy horizons, iron ox:idestaincd, contams 
lignite fragments, plant fnlgments. amber, iron oxide concretions. 

Mudstooe; purple/brown(freah), purplc/g111y (weathered), clayey, iron oxide stained, plant fragmenlll . 

Mudstone;gBy/brown(freah),lightgray/brown(walthered),clayey,ironoxideconctetiona,plantfra.gmenta. 
selenite, popcorn textured. 

Mudstone; gray/brown (fresh), light gray/gray (weathered), ailty, plant fragments. 

Sandstone; yellow/brown (freah), gray (weathered), clayey, very fine grained, pope-om texture. 

Mudstone; olive gray/brown (freah), olive/gray (weathered), sandy 111 base, iron ox.ide concretions, plant 
fragments in landy lcnaea. 

Note: Numerous dinoaaur, turtle and crocodile bone fragments w= notal. in a clay rich mudatonc adjacent to the mudstone at the 
base of the measured section. 
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Thiclcneu 
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KHC --- 2 0.6 ---
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2 0.6 
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2 0.6 

0.3 
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6 1.8 
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3 0.9 

s 1.5 

10 3 .1 
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Sectioo no. 12 
Landowner: Duane Voight 

Covered. 

UJDI.DW FORMATION 

Location:Tl31N R85W aec. 20 (ne.eesw), Grant County 
Top of section: 2120 ful. 

Sandstone; gray/brown ( frc:ah and weathered), very fine gn.ined. moden.tely ccmen~, forma a lodge at top 
of the alope. 

Mudstonc; rcddiah/brown to orange (frcah), yellow/gny (weathered), sandy intervals, iron ouk stained, 
iron oxide concrctiona, plant fragmenta, sandy at top of the unit. 

Mudatonc; 1ray/brown (frcah), light g111y (weathered), contains a thin 4 inch (10 cm)-thick liguitc layer in 
the middle of the unit and a black, blocky carbonaceous clay at the top. 

Claystone; reddish brown (frcah), light brown (weathered), plant fragmenlll, upper 1 foot (0.3 m) contairu 
lignite. 

Sandstone; gny/brown(frcah), light g111y/brown(weatberro). very fine sraincd, m.icaccowi, mwl iron oxide 
ooocrctiooe, mica«.oua. 

Clayatonc; gray/brown (frcah), light brown (weathered), aandy lcnaea, iron oxide stained, fissile. 

Claystone; black (frcah), gray (weathered), silty, very organic rich, cari>onaccow, fissile. 

Clayttone; olivc/ftliy (frcab), ,-ray/brown(wcathcrcd), •illy, con.liUD8 plant fngmco.ta, blocky. 

Colluvium. 

Murutone; gray/brown to black (fresh and weathered), cootains th.in (lesa than 1 foot (0.3 m)-thick) lignite 
bods, carbonaceous claystone, contains plant fragments. 

Mudatonc; brown (freah), J.i&ht any/brown (weathered), plant fragments, contains 2 inch (S cm) tluclc white 
siltlltone. 

HEIL CREEK FORMATION 
Mud.tone; gray/brown (fresh), gray (weathered), blocky, plant fragment.II, amber, :itoo oxide concrctiorJ.11, 
popcom texture. 

Mud.tone; reddish brown (freali), sray /brown (weathered). carbonaccowi. plant fmgmcntll, lianite ltringeni, 
amber .bundent. 

S11.Ddst.one; gray /brown(frcah and weathered), fine grained, finai upward, clayey at top, organic rich horizooa, 
Jog concretions, iron oxide concrctiona. 

Mudatonc; gray /brown (freah and weathered), popcom tcxlw'e, plant fragmcots. 

Sandstone; gray/brown (frcah and weathered), fiDc tD medium snuncd, oi-pnic rich lcnaca, croea-bcddod. 

Mudstone; gray /brown (frc8h), gray /brown (wcalhcrod), plant fragmenu, roots, popcorn texture. 

Mudatone; gray/brown (frcah), gray (wcathe.rod), plant fragmcnlB, roots md stems. 

Mud.tone; darlc. brown to black (frcah and wee.the.red). carbonaceous, amber, plant fragments. 

Mud.stone; gray /brown (freah and weathered), popcom tcxlw'e, oontaina carbonaceous claystone. 

Sand.atone; gray/brown (frcah and weathered), fine to modium grained, variable clay cont.cnt throughout. 
organic lc:neet, contaim promincot concrctionary ledgca, crou-bodded, iron oxide concretions. 

Mud.tone; gray/brown (freah and weathered), SADdy, rootll, plant fragmcot&, iron oxide concrdiom. 

SllDIUtone; aray/brown (fresh), aray (weathered), clayey, very fine grained, poorly cemcutod. 

Mud.stone; g111y/brown (frcah and weathered), plant .fngmenta, rootB, popcorn texture. 

Sandstone; gray/brown(freah and weathered), clayey, very fiDc grained, ocpnic rich, plant fragmenlB. 

Mudstooe; rcdd.ieh brown (frah), 1raybrown to brown(weathcred), veryo£ga.oic rich, ledge former, 6 inchea 
(1.S cm) to l foot (0.3 m) of lignite at top of the unit. 

Mudstone; reddish brown to brown (frcah), gray /brown to dan:: gray (weathered), Bandy at base, fines upward, 
01"fanic rich at top. 

Sandatone; sray/brown(frcah and wealhcrcd), medium to coanc gt'lllcd., poorly aortod, orpnic rich lenaca, 
emu-bedded. 

Mudatooc; gray/brown (fre4h), li1ht 1ray (wcathen:d). iron oxide ataincd. 
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Section no. 13 
Landowner: Mcnil Tcn Broek 

Thicknc:se 

Location:Tl30N R8SW soc. 14 (nelnr/r.e), Grant County 
~section: 2140 ful 

Ft. M. WDLOW FORMATION 
15 4.6 Saod3tone; yellow to brown (freah and weathered), very fine to fine Jnuncd, poorly indun.tod, sand.stone 

concrctiom. 

8 

0.8 

2 

39 

5.8 

3 

2 

3 

3 

2 

13.8 

12 

8.8 

8.8 

4 

3 

7.8 

2.4 

0.2 

Sandstone; gny to brown (f-re.sh), yellow to brown (weathered), very fine grained, containl darlc gray clay 
lcaaca, iron oxide chipt,. 

lignite; highly weathered - lcona.tdite. 

0.3 Clayetone; gray to red/brown(frcah and weathered), carbonaceous. 

0.6 Lignite. 

0.3 Clayatone; aray to red/brown (frcah and weathered), catbonaccoua, contain, leaf fosaill. 

11.9 

1.8 

0.9 

0.6 

0.9 

0.9 

0.6 

4.2 

S&ndatone; aray to brown (frcah), gmy (weathered), very fine to fioc grained, poorly lithified, containa 
interbcddod darlc gny clay~ approximately 2 inches (S cm) thicl.:, and j&r011ite. 

Mudatooe; red to brown (frah), gray (weathered), NDdy, contama dark gray to black, paper shale layeni, 
coanicna upward. 

Claystone; dark gray to black (frah), brown (weathered), fisailc, carbonaocoua. 

HEIL CREEK FORMATION 
Sandatooe; brown (frcah), gny (wcaihered), very fine to fine grainod,jarotite, plant frasmenta, clayey, fines 
upwud, popcorn texture. 

Mudatone; brown (fresh), gray (weathered). plant fragmcnta, popcorn texture. 

Sandstone; light brown (fresh), gny (weathered), very fine grained, jaroeite, iron oxide concrctiooa. 

Mudatooe; da.rlc: brown (fresh), light brown (weathered), fissile, popcoro tcxrure. 

Mudstone; gray to medium brown (freah), sray (weathered), plant fragments, rootl, finca upwud, more 
cari>onaccoua near the top of the unit. 

0. 3 Mudstonc; brown to darlc brown (freah), brown (weathered), containa plant fraamcntl and ia carbonaceous. 

3.7 

2.7 

2.7 

1.2 

0.9 

Mudstone; gray to brown on (f-re.sh and weathered), sandy, plant fragmenta, popcorn texture. 

Sandetone; brown (f-re.sh), gray (weathered), very fine to fine gnuned, orpnic laycI'I, leaf f088ila, amber, 
coalified layere, croea-bedded, interbedded claystooe. 

Mudatone; brown (frcah), gray to brown (weathered), sandy, plant fragment.a, jaroaitc staining, popcorn 
texture, contaioa orsmic rich zon~. iron oxide conccctior111. 

Sandstone; gray to brown (frcih and weathered), fine lo coarse grained, poorly 10rtcd, contains large plant 
fra.gmcnta. 

Mudstonc; gnay to brown (fresh), 1ray (wcathcttd). sandy 1IOd contains iron oxide concreti.ona. 

0.3 SandlJtonc; gray (frcah and weathered), very fme gouned, poorly indurated, jaroeitc. 

2.4 Mudswne; brown ( frcab.), gray to brown (weathered), cazbonaGCOus, numeroua plant fragmema, aome lignite 
lCDICB, very carbonaceoua at the top of the unit. 
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Section no. 14 
Landowner: Warren Lund 

Covered . 

LUDLOW FORMATION 

Location.:T130N R81W IOC. 14 (sw/&e), Sioux County 
Top of scction: 2200 ful. 

Saodatonc; yellow to brown (freah and weathered), fine to medium ,rained, crosa-beddcd, organic lcnaca. 

Mud.tone; brown (fn:ab), qht brown (weathered), ca.tbooaccoua. 

0 .3 Smdatooe; any to yellow /brown (fresh), gray (weathered), very fine to fine 1ramed, poorly induratcd, iron 
oxide stained. 

9.5 

6.8 

15 

2 

5.8 

2 

2 

35 

9.3 

7 .8 

2.9 

2.1 

4.6 

0.6 

1.8 

0.6 

0.6 
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Covered. 

CJayatone; dark brown (freah), light brown (weathend), blocky, plant fr•gmenta. 

HELL CREEK FORMATION 
Mud.stone; orm,c/brownto modium brown (£re.ah), dark 1ray (weathered), cubonaceouaat bue, root traces, 
fiaaile, popcorn texture. 

Mudstonc; gray to brown (mah), any (weathered), eaody, contains plant fragments. 

MudlltODC; omnge to brown (fresh), dark gray (weathered), cubonaceolll, plant fnlgmcnta, popcorn texture. 

Mud.atone; brown (fresh), gray to brown (weathered), sandy, plant fragmenta, popcorn texture. 

Mudstonc; brown to black (fresh), dark gray to brown (weathered), carbonaceolll, plant fragments, thin lignite 
lcmca. 

Interbeddcd earautonc and mud.stone; gray to brown (frcah), gray to brown (weathered), medium grained, 
poorly sorted, organic ICDAC:1 in l&lllhtonc, croea-bcddod, mudatone contains plant ftagmc:nta . 

Mudstonc; medium brown to gni.y brown (fresh), mediwn gray (weathered), sandy in placea, plant frasmeota, 
root tra.cca, popoom texture, fissile. 

Sand.atone; gray to brown (freah), gray (weathered), fine rrainod, poorly sorted, cr088-beddcd, root tracca, 
fines upwud. 
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Section no. 15 
Landowner: V alcntinc Jochim 

Covered. 

WDWW FORMATION 

Location: T131N R81W ecc. 32 (,w/aw/ae), Sioux Cotmty 
Top of section: 2100 fasl. 

Sandstone; J.iabt grtt:n to brown (fresh), light gnly (weathered), fine to medium grained. poorly iDdU1111cd, 
glauconitic. 

Iron oxide concrctionary layer. 

Mudstone; medium brown (fresh), gray (weathered), aandy, iron oxide staining. 

Samatone; gray to ycllow/brown(fresh), gray to gnry/brown(weathcrod). iron oxide chipa, very fme to fme 
grained, ailty, croaa-bcddcd, iron oJUde concretions . 

HEIL CREEK FORMATION 
Moostonc; brown to black (fresh), dark gflly (weathered), carbonaceow, lignite fni.gments, plant fragmentB, 
amber. 

Sandstone; gmy to brown (fresh), gl'lly (weathered), fine to medium grained, organic horizon.e, plant 
fn.groent.11, croa-boddod. 

Mudstone; darl.: brown to brown (fresh), darl:: gray to gray/brown(weathered), sandy at the top. carbonaceous. 
blocky, 90llle fissile layen, contains plant fragments. 

Sandstone; gniy to brown on fresh and weathered aurfacca, fine grained, root trace.a, jarosit.c. 

Mudatone; gray to brown (freah), dark. gray to gray (weathered), interbedded carbonaceoua rich mudstonea 
and sandy mudstone4 foct (1. 2 m) in thickness, popcorn texture, mudstonca become caroonaccous near the 
tDp of the uniL 

Int.crbcddod sandstone and mudstonc; Sandstone; gray (fresh and weathered), fine grained, poorly sorted, 
croaa-beddod, containa organic rich lcnsca. Mudstone; gray /brown to brown (frcah), gray to buff (weathered), 
sandy, organic con.tent varies, thickness vu-ice from 1 inch to 4 feet (2. 5 cm tD 1. 2 m), popcorn texture, root 
trace.a, fluted aandetooc in the middle of the wuL 

Iron oxide concrction.ary layer. 
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Section no. 16 
undowner. Standing Rock Sioux Tnoc 

LUDLOW FORMATION 

~ T131N R.84W acc. 25 (nw/se/1e), Sioux County 
Top of acction: 2100 fuL 

Smd.ltone; yellow/brown (frcah and weathered), fine grained, iron oxide mined, iron oxide c<>ncretiona, 
clayey. 

Mudatonc; olive/ gray to brown (fr-cab), gray /brown (weathered), sandy, iron oxide concrctiona, interbcdded 
with darlc: gray Ol'JWC rich clay. 

Sandstone; gray/brown (frceh), brown (weathered), vccy fine 1raincd, clayey, iron oxide ttained. 

Lignite. 

Sil1Btone; Jl'llY (frcah and weathered), laminated with darli: gray clay and very fine sand laycn, iron oxide 
concretions. 

l..ipjtc; IUrl'OUDded by carbonaceous clayst.one. 

HEIL CREEK FORMATION 
S~; liahtgray (frcah aod weathered), very fine 1rained, silty, lammatai, conbline organic rich horizou, 
jaroaitc and iron oxide conctetions. 

Clayatooc; brown (fresh), light/cwk fntY (weathered), blocky, fisaile, popcorn t.exture. 

lnt.crbeddcd llllDdaone and mud.stone; Saod!rtone; gray (fr~ and weathered), clayey, very fine 1rained, plant 
frapicntB. Mud.stone; gray/brown (frcah), dad: gray (weathered), plant fngmc:ntl , popcorn texture. 

0.3 Mud.atone; brown (fresh), gnly (weathered), carbonacoo1111, plant fnigmcnta. 

20 6.1 Mud.stone; gray /brown( fre.sh), gray(wcathercd), sandy, ironoxideconCTCliooa( chips) interbeddcdsand lcnsa1, 
popcorn texture. 
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TL 
KHC 

Section no. 17 
Landowner: Standint Rock. Sioux Tnbe 

Tbicknca 

l..Dcation:T131N R83W soc. 17 (ne/nw/t,w), Sioux County 
~BCCtion: 2060 fut. 

Ft. M. UJDLOW FORMATION 
8.3 2.5 Clayetone; gny/brown(fre.sb and weathered), silty, iron o,ade 1tainod, iron oxide chips. 
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Clayi,tone; d.arlr. brown (&c.h), d.arlr. gray (weathered), carbonaceous, paper texture. 

Mudatonc; gny (frcah), rny/brown(wcathered), sandy, blocky, plant fragmenta, iron oxide stained. 

Clayirtonc; darlc.gray to black (freehand weathered), carbooaceoWl. 

Claystonc; medium brown (fresh and weathered), plant fragments, oontaina lignite. 
Mudstone; dad:: brown to black (weathered and flub), contains 6 inch (15 cm) coal at btie. 

HEI.L CREEK'. FORMATION 
Clayatone; light gnly to olive gray (fresh and weathered), silty, plant fnlgmaim, popcorn texture. 

Mudstx:me; darlc gray to hlaclc. (frcah and weathered), rod brown carbonaceowi cui.y at b.ae, contains aand 
and clay partin,a, fissile, foui.l wood. 

Mumtone; olive gny (freah and weathered), plant fragroc:rrt8, popcorn texture. 

0. 9 Muiatone; red brown (fresh), darlc brown (weathered), carbooacco\18, plant fragmcntB. 

0.6 Mudatonc; 1n.y to gnay/browD (frcah and weathered). popcom tc~. 

7.0 Sandstone; gray/brown (fu:ab and weathered), fine grained. crou-bcddcd, modenuely ind.UI'B.led, containA 
organic rich lcnsea, clay lenac.a, iron o,ode concretions, jaroeitc, and fines upwaro. 
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Thickness 
Pl. M. 
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Section no. 19 
L.ndowncr. Rou Schaeffer 

Covered. 

WDLOW FORMATION 

Location:Tl29N R85W acc. 6 (rwaw/nw), Sioux County 
Top of acction.: 2200 ful. 

SIDChtone; yellow/ 1ray (frcah), 1ray /brown (weatbettd), fine grained, clayey, iron oxide chips. 

Mud.tone; yellow/brown (freah and weathered), plant fragmenta, iron oxide ataining. 

0.3 Mud.tone; darlc brown (frcah and weathered), carbonaceous. 
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lnterbcddcd BaDdatone and mudatooe; yellow /brown to li1ht brown (freah and weathered), very fine gnuntd 
sand, iron oxide chips, plant fragmentll. 

CJayatone; dark gray, darlc brown to blade (freah aod wcaihcrcd), ptaper texture. 

HEI.L CREEK FORMATION 
Clayst.onc; dark. gBy/brown (freah and weathered), plant fragments, popcorn texture. 

Mudatone; yellow /brown to gray /brown (freah), gny /brown (weathered), camonACeous. amber, plant 
fragmcnta. 

Clay1tooe; dark. gray to dark brown (fresh aod weathered.), popcorn texture. 

C.layatone; duk. brown (freah and weathered), carbonaceous, some ligu.itc horizon&. 

Claystoo.e; darlc 1ny to darlc brown (fraih), dark brown to black (weathered), f111ile, popcorn texture. 

Mudetonc; 1ray/yellow to brown (fresh and weathered), sandy, plant fragm.Cllts, sand layers, jaroeite. 

Smd.itooe; 1ray/yellow to brown (frcah aod weathered), fine sruncd, poor to moderately mdU1111ed, oqanic 
laminae. iron oxide concrctiorui, jarosite, sntdea into mud.stone. 

Mudatonc; gray /brown ( frcah and weathcrcd), contains two carbonaceous clay layers, popcorn texture, plant 
fn.gmenlll. 

Sandstone; olive/gray (frceh), gray (weathered), fine grained, organics along bedding planes, root traces. 
some iron oxide staining, moderately lithified. 

Mud.atone; medium brown to dark brown (freah and weathered), carbonaceous, plant fragmeolB. 

Mudstone; 811l)'/brown (ft-cab and weathered), organic horizon.. 

Sandatone; olive/ 8l1l}'( frcah), gray (weathered), fine 1ruicd, poorly indurat.cd, croea-bcddod, orpn.ic.lammae, 
log concrctiona, iron oxide concrctioua, fines upward. 
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Section no. 21 l..ocation:TI36NR78W IIOC.12 (rw/ne/aw), F.mmona Co\Dlty 
Landowner:JobnBccgcr and Kai Homer Top of ICCtion: 1960 faal. 

QUATERNARY 
Drift. 

LUDLOW FORMATION 
Sanmtone; 1ray to yellow/brown (frcah and weathered), very fine to .fine &rained, croa-bcddod, oraanic 
laminae, iron oxide stained, iron oxide concretions, intcrbodded with gray to yellow/brown claystone near 
the top of the unit. 

Mudstooe; dark brown (fresh), light brown (weathered), carbooaceo118. 

HEU. CREEK FORMATION 
Sandatonc; light to medium rray (frcah and weathcrccl), fine sra.incd, claycy/ailty lc:ma, orranic laminae, 
concretion&, popcom texture on clay lc:mea, fines upwud. 
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Sectioo no. 25 
Landowner. SIII.Dding Rock Sioux Tnbe 

Covcffll. 

WDLOW FORMATION 

Location: T133N R82W acc. 23 (aeamw), Sioux County 
Top of scction:2000 ful 

Mudatone; ,-ray/brown to yellow/brown (weathered and frcah), ailty. 

Clayatone; gny to dad:: gray (weathered md fresh), C&J.'DOllllCeOua at top. 

Clay.tone; medium to darlc brown (weathered md fuah), cubooaceoua. 

Claystone; medium brown (weathered md fu.ah), elightly carbonaccowi. 

Saodstooe; yellow/brown (fresh) md gray (weathered), very fine grained, poorly ccmcatod. 

Mudstooe; yellow/brown to gray/brown(weathercd and ftt.ah), ailty, finely laminated in placea, very fine 
sand lcna . 

HElL CREEK FORMATION 
Claystone; Jt'llY to dark brown (weathered md frcah), carbonaceous 11.t top. 

Mudstonc; gray to dart. brown (weathered IIDd fresh), silty, finely laminated clayatone aod silt, clay zones, 
contain plant fragmenl!I. 

Sandato~; lnlY (weathered and frah), medium to fine grained, silty, cr088-bedded, poorly cemented, iron 
lltamod lenses, conta.ios thin mudstone lenses and orianic-rich lcnaca at hue. 

Claystooc; brown tD black (weathered and fresh), carbonaceous. 

Mudatooc; gray to brown (weathered and frcsh), 1ilty to tandy, contains intcrbcdded aaodstone lal8CII from 

6 incbe:a up to 3 feet thick (15 cm-0. 9 m) , cari,onaceowi, FcO concretion layers. plant fngmcnta . 

Clayatonc; brown to black (weathered md frcab), carl»onaceous, COOlllina amber. 

Mudstone; gny to tan (weathered and frcah), silty, conmina plant fragmentl. 

Saod.atDne; gray (weathered and frcab), fine grained, contains plant fragmcnbl, grad ca upwud into mud.stone. 

Mudatone; gny to brown (weathered and freah), aandy to clean claystonc. carl>ooaceoua at top md baac, 
selenite 11.t top . 

Mudaton.c; ll1ly/whitc (weathered and frc.h). sandy. 

Claystone; dad.'. brown to black (weathered and &cab.), carl>onaceoua. 

Clayatone; gray/brown (weathered and frcah), popcorn texture, smcctitic. 

Claystooe; brown (weathered md frcah), carbonaccoua. 

Mudstone; gny/brown (weathered and fresh), contains very fine eand lensca, brown claystone layers, iron 
stained. 

Mudstooc; brown to 1ray/brown (weathered and fresh), eilty to clean claystone, carbonaceous. 

Mudstone; gniy to 1ray brown (weathered md fresh), iron stained, brown clay layers, contains very fine 
aaodlenaca. 

0. 3 Iron,tonc Concretion. l.Ayer; contains clams, To redo- bored fouil wood. 

5 1.5 Mudstone; fRy/brown(weathered and fresh), sandy, iron stained, brown clay layers. 
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Section no. 26 
Landowner: Standing Rock Sioux Tn'be 

QUATERNARY 

LUDLOW FORMATION 

I..ocation: T130N R84W IJeC. 8 (nwncne), Sioux County 
~ aectioo.: 2120 fasl 

Sandatone; yellow /brown to 111lY (weathered and freab), very fine to fine gnuncd, poorly cemented, abundant 
leaf fouils. 

Claystone; 1reen to black (ftt.ah), gray (weathered), carbonaceowi at top, plant fragments . 

HEIL CREEK FORMATION 
Mudstone; pinlc/brown(frceh), 1n.y (weathered), carbonaceous,plantfragmcnta, Pc staining, popcorn texture. 

Mud.atone; light gny/brown (wcatbcrcd and fresh), silty, Fe swning, Fe concretion layer, popcorn texture. 

Ironatooe CoDCTCtion layer. 

Clayatone; light brown (fresh), gmy (weathered), fissile. 

Mudatone; light brown (ftt.ah), 11my (weathered), sandy to silty, iron concretion at bale, popcorn texture. 

Claystone; darlc brown to bla.ck (weathered aod fresh), silty, popcorn texture. 

Mudatone; fl1lY to brown (weathered and fn:eh), silty, popoom. 

Sandstone; gray /brown(wcathercdand freah), fine grained, poorlyeortcd, crou-bcddcd, contains carbonacooU.1 
mud.tone len&ea, moderately cemented. 
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Section no. 27 location: T131N R81W acc. 22 (BCaWnw), Sioux CoUllo/ 
Landowner. StandinJ Rock Sioux Tnbe Top of eection: 2190 ful 

ThicknC88 
Ft. M. WDLOW FORMATION 
13 3.9 Silt.tone; yellow/brown (wealhered and f:re8h), clayey. 

17 

3 

3 

45 

109 

13.S 

6 

2 

1.5 

3 

29 

7 

28 

2 

4 

5,2 Mud.atone; yellow/brown to brown (weathered and fresh). ailty, iron ataiJuns. 

0.9 Clayatone; gny to brown (wealhcnd md freah), e:atbonaccowi at top, iron layer neai- middle ofunil 

0.9 

13.7 

33.2 

HEI.L CREEK FORMATION 
Sandstone; yellow/gmy (freah), gmy (weathered), very fine 1n.intd, silty, poorly cemented, Fe staining. 

Mudatonc; gray/brown (weathered and frcah), silty to sandy, plant fragmc:ntB, popcorn texture, carbonaccoWI 
and iron con.cretiona at top. 

Smdatonc; yellow/brown(frcsb), gray (weathered), very fine to fme fl1Wled, poorly cemented, croes-bcddcd, 
containa orranic rich horirona llCllf' middle of unit. 

4.1 Mudatone; gmy to brown(wcathercdand fresh), sandy to silty, plantfnlgmcnll, popconlte,cwrc, carbonaceous 
at top, aandy at hue. 

1.8 

0.6 

0.5 

0.9 

8.8 

2 .1 

8.5 

0.6 

1.2 

Mudstonc; l.iiht brown to JTllY /brown. (weathered. and frah), ailty to clayey, cadxmaceoua, popcom texture . 

Sandatonc; gray (weathered and freah), very fine to fine framed, poorly cemented. 

Mudstonc; black to brown (wcathcmi and fresh), carbonaccoua. 

Sandstone; gray (weathered and frah), very fine grained, poorly cemented, IOID.C iron concretions, 
carboDllOCOus at top . 

Mud.atone; 1ray/brown (weathered ud £rah), •ilty to lalldy, popcorn texture, oontaina 5 thin cubooaoeoua 
zonea. 

Sandstone; gmy (weathered and ire.ah), very fine to fine grained, poorly cemented, spherical iron concrctiOOI. 

Mudlton.c; gni.yto brown (wealhcrcdand freah), aaody, containamcdiumgnined sand lcnaea, popcomtexlllre, 
iron stained, plant fragmcnte, COlltllma ie.f fossils . 

Clay11tonc; black to brown (weathered and frcab), carbonaceous, plant fragments. 

Mud.stone; gny to brown/gray (weathered and £rah), lllDdy, popcorn tcxtw"e, plant fragmcnl8. 
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Section no. 28 Location:Tl34NR81W IICC. 31 (11C8W11w), Sioux County 
Landowner. Standing Rode Sioux Tnbe TopofScction: 1920 f1111l 

QUATERNARY 
Alluvium; gray/brown (weathered and frcah), gnavcl at bue--fining upward, gnavel coosim of ironstone, 
silcrcte, i,ncoua rocks, fouil wood, top 10 feet (0.3 m) primarily ailt. 

HEIL CREEK FORMATION 
Sandstone; gnay/brown to gray (weathered and freah), fine grained, poorly cemented, some small iron 
concretions. 

Mudatonc; brown (fresh), sray/brown(weathcred), silty to clayey, plant fragmc:nbl. 

Sandstone; gray (weathered and freah), fine grained, poorly cemented, iron staining, croa-bcdded. 

MudBtone; gray to gnay/brown (weathered and fresh), sandy, popcom texture, Cllrl>onaceoua layen, plant 
fmgmc:ntB. 

Mudstone; gray/brown to dark brown, silty, popcorn texture, Cllrl>onaccoua to very carbona.ocous, plant 
fngmc:nts. 

Ironstone Concretion Layer. 

Saodatane; 8BY (weathered and fresh), fine to medium grained, cross-bedded, poorly cemented, carbonaceo\18-
-organic lenllCI. 

Mudstaoc; gray/brown (weathered and freah). silty, iron concretions, plant fragments. 

Mudatone; dad: brown to black, carbonacroll8, plant fragmentB, containa amber. 

Muda1Dne; gray/brown(weathercd aod fresh), silty, iron concretions, plant fragmenm. 

Mudatone; brown (weathered and frcah), carbonaceous. 

Mudstone; gray /brown to brown (weathered and freah). ailiy, popcomtexture, iron ooocrc:tions, carl>onaceoWI, 
plant fragments. 

Sandatone; gray to gray/brown (weathered and freah), fine gn.inc:d, poorly to modenltely cemented. 

Breicn Tuff; gray to dazzling white (weathered and freeh), silty to sandy, gray bentonitic claystone at top, 
plant fragmcntll. 
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Section no. 29 Location:T129N R81W sec. 16 (nwnmc), Sioux County 
Landowner. Standing Rock Sioux Tnbc Top of section: 2160 ful 

QUATERNARY 
Loam. 

UJDLOW FORMATION 
Saimtooe, light gray to gray /brown (wcalbeR,d and fteah), very fme grained, poorly ccmenu:d, contains iron 
C-Oneretioo.e near beac with wood molds, root casta, leaf foeails. 

2.4 Mudatone, light gray/brown (w~rcd). light to dark brown (fresh), contame clay beds, sihy horizona, 
organic-rich horizons, Fe 9taming, plant fni.gments. 
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11 

17 

11 

23 

3 

9 

3 

22 
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0.9 
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Sandstone, light gray /brown(weathe.red and fteah), vczy fine grained, ailty, poorly cemented, iron concretiona. 

Mudstone, gray/brown (weathered and freah), silty, slight popcorn te.xnuc, plant ftqmente, iron. staining, 
ailt laminae, iron concretions. 

HEU. CREEK FORMATION 
Sandstone, yellow/gray (weathered aod fresh), fine 1rained. 

Sandstone and Mudatone, interbeddod, eand.stoDe is yellow/gray (wca1hcn,d aod frcah), fine gnu.nod, iron 
concretions, iron stain.mg; mudstone is brown/gray (weathered aod fresh), popcorn texture, plant fragmaua, 
cuboDAceoUS. 

Mudstooe, gray/brown (weathered and fresh), aaody t.o silty, plant fra,mcnts, carbouaccou.a rich horizons, 
iron concretions near top. 

Sandstone, yellow/gnly (weathered and freah), very fine grained, silty, poorly cemented. 

Mud.stone, gray/brown (weathered and fresh), silty, popcorn texture, pl.ant fragments. 

Mudstone, brown (wcaihcccd and freah), ailly to clayey, carboDaccous. 

MudAwnc. gnty/brown (weathered and fresh), silty, carl>onaccoue, plant fragment. . 

Mud.atone, 1ray to gray/brown(weathcred and fresh), sendy, iron etaining, silty at hue. 

Mudatone, brown/black (wea.thert!d and £-rem), carbonaceous. 

Mudatone, a ray/brown (weathered aod fu:ab). ailty with sandy intervals, popcom texture, carbonaccoue rich 
laycra, plant fragmenll , iron staining. 

Mudatone, brown/black (weathered and fresh), carbooaceoua. 

Sandstone, gray (weathered and frcah), fine to medium grained. moderately to poorly cemented, contains 
oquuc rich laMICII, iron concretiooa, contains wood molda aod plant fra,meota. 

Mudatone, gray/brown (weathered and fresh). sandy, plant fragments, popcorn texture. 

0 .3 Mudatonc, brown (wca.thered and freab), silty, carl>onacco111. 

0.9 

0.2 

cu 

Mudstone, gray/brown (weathered and fu:ah), silty, plant ftqmmts, popcorn texture. 

Iroo Concretion Layer. 

Mudatone, gray/brown (weathered aod fresh), silty to sandy, plant frasmenta, carbo.naccoua zonca, iron 
staining, popcom tcxtllCC. 
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Section no. 30 
Lmdowner. Standing Rock Sioux Tn"be 

ThicknC811 

Location: T132N R83W aec. 20 (nwswae), Sioux County 
Top of IICCtion: 1970 ful 

Ba. M:. QUATERNARY 
15 4.6 Alluviwn; sand and gravel at base fining upward to brown silt and clay. 
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WDI.OW FORMATION 
Sandstone; grem/gmy (weathered and frcah), fine grained, poorly cemented, contama interbcdded mudstone 
(etpecially at hue) that is gray/bt'OWD (weathered and fresh), carbonaceous, with nwnerous leaf fouils at 
hue. 

Sandstone; orange/brown(weathercd and frcah), fine grained, poorly cementod, small spherical concretions, 
abundant selenite . 

Mudstone; gray/brown(weatheml and freah), silty, plant fraginenta. 

Siltstone; ,ray (weathered and frcah), thinly laminaloo, contains oqanic rich horizons, i.ron concretions. 

Mudatone; brown/black(wcatbcrcd and fn:sh), very eatbon11ccous, contains c01ll lenses and some amber. 

HEU. CREEK FORMATION 
Mudatonc; light g111y/brown (weathered and fresh), silty, popcorn texture. 

2.4 Sand.atone; g111y (weathered and freab), very fine to fine grained, modenttely cemented, mudatone lensea, 
ironatone concretions. 

1.2 Mudstone; gray to gray/brown(weathercd and fresh), silty, plant fragmezatl. 

0 .5 Mu&tone; brown to black: (weathered and freah), coal lenaes, very carboMceow, contains amber. 

0.6 Mud8tonc; gray/brown(wcathcrcd and fre.sh), silty. 

0.3 Siltatone; gray (weathered and frcah), iron ataincd, iron concretions, root casts, some tcle.n.ite. 

0.3 Coal 

3.4 Mudstone; gnly (weathered), gn.y/brown (frcah) ailty, popco111, contains 1C21LIC8 of aih. 

0. 9 Mucutone; gray (weathered), red brown to brown (fresh), carbon.aceoua, eilty. 

1.8 Mudatone; gny/brown (wcalbercd am frab), aandy, popco111 telttUrc. 

0.3 Clayatx>ne; hlaclc (weathered and fresh), very carbooaceoua. 

1.2 Mud.atone; any/brown (weathered aod frcah), ailty, popcorn texture. 

7.0 Sandstone, gray (weathered and frcah), very fine to fine gnuned, poorly to moderately cemented, conta.ina 
organic lenses. 
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Section no. 31 Location: T131N R82W 11ee. 14 (nwnw), Sioux County 
Landowner. Standing Rock Sioux Tn"be Top of acction: 2180 faal 

QUATERNARY 
LDam. 

WDLOW FORMATION 
Mucutone; litht brown to da..rk brown (weathCffif and fresh), aandy, sand lc:n&ea, iron stained, abundant 
seleAitc. 

Sandstone; light gmy (weathered and freah), fine grained, poorly c~cnted, iron atAiood, iron concrctiam, 
orguuc lC118C8 at buc. 

Coal. 

Clayetooe; brown ta darlc brown (weathered and frcah), vecy carbonaccoua. 

Coal. 

Muditone; gray/brown (weathered and frcah), contains .interbcdded sandstone and mudatone, !IIIDliatone is 
very fine to fine grained, p001"ly cemcntod, iron stained, mud.stone ia ailty. organic rich, contains plant 
fragmenlB . 

Clayatonc; black to darlc gray/brown (w~thcrcd and fresh) contains ooal lcnaca, carbonaccoua. 

Mudatooe; aray/brown (wcethcrcd and fresh), contains intetboddcd sandstone and mudstone, aandatonc ia 
very fine to fme grained, poorly cemented, iron etai:ned, mudatone ia silty, organic rich, contains plant 
mgments. 

Coal and carbonaceous claystonc.. 

HEU. CREEK FORMATION 
Siltstone; gray (weathered and fresh), contains clay laminae, rooted, plant fragments. 

0.3 Sandstone; gray/brown (weathered md freah), very fine grained, poorly c~. 
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Mudstonc; gny to brow:n (weathered and frcah), ailty, faint layer-ins, iron atainod, iron concrctiona, popoom 
texture, plant fra,tncnlB. 

Mudstonc; oran,e/brown (weathered and fresh), silty, carbonacCOU1, plant fragmentB, contains amber. 

Muditone; lit.ht brown (frcah), gray /brown (weathered), silty, plant fragmentB, popcorn texture. 

Mucutone .interbcddcd with sandstone; AaDdatonc ia gray/brown (weathered and frc:ah), very fine to fine 
grained, poorly cemmted, iron stained, rooted, mudstone ia ITilY brown to brown (weathered and frcah), 
ailty. carbonaceous in placee. 

Saodatone; 1ray/brown(wcathCffif and frcab), very fine to fine grained, modcntelyto poorly ccmcotcd, crou­
bodded, oonta.ina numeroua organic rich lenae11, thin FcO layen. 

Mudatonc; light gray to tan (fn:ah), light gny/brow:n (weathered), ailty, popcorn texture, f'aint layering, 
ironstone laycn . 

Sandstone; gray/grccn(wcatbcred and fresh), fine grained, poorly cemented, clay 1cnac8, iron oxide staining . 

Mud.atone; darlc brown (ftt.ah), light t.o dad:: brown (wcatb.Cffif), contain.a clay k:nsea, popcorn texture, 
carbonaceoua, plant fragments. 

Mudatone; lt'llY to daik brown (frcab), light gray /brown (weathered). 1i1ty, contains lcmcs of uodatone and 
claylltone,root.cd,plantfragmcn~. 

SandatDnc; gn.y/whitc (frcab), lrtf (wealhercd), fine trained, finca upward, moderately ccmcotcd, rooted, 
plant fragmcnta. 

Mudatone; intcd,edded wwtoneand mudatone, aand.ltone ia gray (weathcTcd and freah), very fine to fine 
arained, moderately CCZDCnted, iron •tamed, root tfacea, and kaffoeail,, mudatoneia daik gmy (frcab) aray 
(weathered), aihy, plant fragmcnta. 

M~; brown to black (frcah), gray/brown (wealbcrcd), ailty to eandy, ca.rbonACeOWI, plant fra&mmt1r, 
coal lCMt"a, amber. 

Sandltone; gray (wwhen:d and freah). fine ,mined, moderately to poorly cemented, croes-bedded, contama 
organic lcmel, i.ronatoDe con,lomcratcat beee of channel which includai quartz pcbblct up to 4 .incbca (10 
cm) in 1ize. 
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Section# 

Feet above(+) or 

TAXA below(-) Hell 

Creek/ Ludlow contact 

Formation 

PLANTS 

Family Taxodiaceae 

Sequoia dako1ensis 

Family Cercidiphyllaceae 

Cercidiphyllum sp. 
Seed fossils indet. 

Leaf fossils indet. 
Teredo-bored petrified wood 

INVERTEBRA TF.S 
Class Bivalvia 

Family Mytilidae 

Modiolu.s cf. M. galpinianus 
Family Inoceramidae 

?InoceramMs sp. 
Family Ostreidae 

Crassortrea sp. 
Family Uoionidae 

Unionidae gen. indet. 

Family Sphaeriida.e 

Sphaeri aun sp. 
Bivalvia indet. 

Class Gastropoda. 

Family Viviparidae 

Campeloma acroierion 

Campeloma sp. 
Lioplacodes sp. 

Family Physidae 

Physa sp. 

Gastropoda indet. 
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°' °' 

Section# 

Feet above(+) or 

TAXA below(-) Hell 
Creek/ Ludlow contact 

Formation 

VERTEBRA TES 
Class Chondrichthyes 

Subclass Elasmobranchii 

Order Hybodontiformes 
Family Hybodontidae 

Lissodus selachos 

Order Lunniformes 
Family Odonta.spidae 

Carcharias 1aurus 

Carchari as sp. 
Family Mitsukurhinidae 

1Scapanorhnychus sp. 

Order Rajiformes 

Family Pristidae 

lschyrhiza avonicola 

Family inceriae sedis 

Myledaphus biparritus 

Subclass Holocephali 

Order Chima.eriformes 
Family Edaphodontidae 

Ischyod11s sp. 

Elasmodus sp .. 
Chimaeriformes indet . 

Class Osteichthyes 
Order Lepisosteiformes 

Family Lepisosteidae 
upisosteus sp. 

Order Amiiformes 
Family Amiidae 

1 3 

DO 
0 - 00 

+ ' 

~ 8 r:: u 8 
~ ~ 

Cl :x: 

... ... 

4 s 6 1 9 10 

00 V'l 0 - 0 ...... N - ...... 0\ N ...... ~ ...... - 0 N 'V 

+ ' + + + ' ' + 

8 ~ ~ 1 .0 
~ ... ~ t: ~ ~ u u 0 u 0 0 0 0 :a :a t: =o :a 0 8 1i "ii ::, ::, ::I ::, 

...J ::c ...J ..J ...J ::c = 

X * 
X 

X X X 

MEASURED SECTIONS 

11 13 18 20 22 23 24 25 26 27 28 29 30 31 32 

r- '° N r- 00 
'V 

V'l ...... N 0 DO 0 0\ r- ~ ~ DO ...... N IC) 0 v v DO - ~ Cf') 

'° 
00 'V 00 N N N \l) 0 (""I 'V 

+ + - + N - - - ..... - -+ ' ' ' + + ' + + ' ' ' ' + ' ' I 

. 
~ .i.:: .i.:: ~ ~ ~ 1 "8 8 8 8 8 

..; 
.0 

8 8 8 .0 ~ 8 ~ 
~ ~ u u ~ u i:: ~ ... ... ~ u ... ... ~ ~ u ~ ... lot 

0 0 0 0 0 u u 0 u u 0 0 0 u u ~ 

~ :a :a ~ =a =a =a =o "O 
G) 

"ii a) a) ti "ii al ~ a) =5 a) u "i) 
j ::I :, ::, ::, j ::, j ... 

..J ::c ::c ...J ::c ,-l :x: ::c ...J ::c = ::c ...J = ::r: ::c CQ 

X 

X 

* * X 

X 

X 

X X X X 

X 
X 
X 

X X X 



0\ 
-...J 

Section# 

Feet above(+) or 
TAXA below(-) Hell 

Creek/ Ludlow contact 

Formation 

Class Osteichthyes cont'd 

Kindleia jragosa 
Order Elopiformes 

Family Albulidae 
Coriops amnicolus 

Order Aulopiformes 

Family Enchodontidae 
Enchodus sp. 

Osteichthyes indet. 

Class Amphibia 
Order Caudata 
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APPENDIX D. Representative fossils from the Hell Creek and Ludlow Formations. 

A, Lissodus selachos, dorsal fin spine, Hell Creek Fm., Stumpf site (Sec. no. 32)(102 ft./31 m below Hell 
Creek/Ludlow contact), ND 93-77.5, width 72.2 mm. 

B,C, Ischyrhiza avonicola, anterior and dorsal views of rostral tooth, Hell Creek Fm., (Sec. no. 28)(183 ft./56 
m below Hell Creek/Ludlow contact), ND 95-14.1, height 4.9 mm. 

D, Tyrannosauridae indet., lingual view of tooth, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 ft./41 m 
below Hell Creek/Ludlow contact), ND 93-1.1, height 52.3 mm. 

E,F, Paronychodon sp., labial and lingual views of tooth, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 
ft./41 m below Hell Creek/Ludlow contact), ND 93-1.2, height 14.2 mm. 

G,H, Myledaphus bipartitus, basal and lingual views of tooth, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 
ft./41 m below Hell Creek/ Ludlow contact), ND 93-1.3, height 5.2 mm. 

I, Coriops amnicolus, ventral view of dental plate, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 ft./41 m 
below Hell Creek/Ludlow contact), ND 93-1.4, width 7 .9 mm. 

J ,K, Meniscoessus robustus, occlusal and labial views of Mi, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 
ft./41 m below Hell Creek/Ludlow contact), ND 93-1.5, width 9.3 mm. 

L, Saurornitholestes sp., lingual view of tooth, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 ft./41 m below 
Hell Creek/Ludlow contact), ND 93-1.6, height 7 .2 mm. 

M, Hadrosauridae indet., crown view of tooth, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 ft./41 m below 
Hell Creek/Ludlow contact), ND 93-1.7, height 19.0 mm. 

N, Ceratopsidae indet., posterior view of vertebra, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 ft./41 m 
below Hell Creek/Ludlow contact), ND 93-1.8, height 518.0 mm. 

0, P, Dromaeosaurus sp., posterior and lingual view of premaxillary tooth, Hel 1 Creek Fm., Stumpf site (Sec. 
no. 32)(136 ft./41 m below Hell Creek/Ludlow contact), ND 93-1.9, height 16.5 mm. 
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APPENDIX D (continued). Representative fossils from the Hell Creek and Ludlow Formations. 

Q, Lioplacodes sp., Ludlow Fm., Keller site (Sec. no. 7)(11 ft./3.4 m above the Hell Creek/Ludlow contact), 
ND 95-16.1, height 18.3 mm. 

R, Leidyosuchus cf. L. sternbergi, anterior part of left maxilla, Ludlow Fm., Katus site (Sec. no. 9)(about 
5 ft./1.5 m above Hell Creek/Ludlow contact), ND 93-94.1, width 150.2 mm. 

S, lschyodus sp., occlusal view of right palatine, Breien Mbr., Hell Creek Fm., Stumpf site (Sec. no. 32)(140 
ft./42 m below Hell Creek/Ludlow contact), ND 95-15.1, height 15.7 mm. 

T ,U, Scapherpeton rectum, left lateral and posterior view of dorsal vertebra, Hell Creek Fm., Stumpf site 
(Sec. no. 32)(136 ft./41 m below Hell Creek/Ludlow contact), ND 93-63.1, width of T 9.4 mm. 

V,W, Brachychampsa cf. B. mnntana, occlusal and medial views of tooth, Hell Creek Fm., Stumpf site (Sec. 
no. 32)(136 ft./41 m below Hell Creek/Ludlow contact), ND 93-1.10, width 6.2 mm. 

X,Y, Carcharias sp., lingual and labial views of lateral tooth, Breien Mbr., Hell Creek Fm., Stumpf site (Sec. 
no. 32)(140 ft./42 m below Hell Creek/Ludlow contact), ND 95-15.2, height 12.1 mm. 

Z, Lepisosteus sp., scale, Ludlow Fm., Katus site (Sec. no. 9)(about 5 ft./1.5 m above Hell Creek/Ludlow 
contact), ND 93-94.2, width 5.7 mm. 

AA, Champsosaurus sp., dorsal view of vertebra, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 ft./41 m 
below Hell Creek/Ludlow contact), ND 93-1.11, width 30.4 mm. 

BB, Compsemys victa, carapace fragment, Hell Creek Fm., Stumpf site (Sec. no. 32)(136 ft./41 m below Hell 
Creek/Ludlow contact), ND 93-1.12, height 14.6 mm. 

CC,DD, Seed indet., dorsal and lateral views, Hell Creek Fm., Stumpf site (Sec. no. 32)(102 ft./31 m below 
Hell Creek/Ludlow contact), ND 93-77.6. width 7.8 mm. 

EE, Sequoia dakotensis, lateral view of cone, Hell Creek Fm., Stumpf site (Sec. no. 32)(102 ft./31 m below 
Hell Creek/Ludlow contact), ND 93-77.7, height 19.1 mm. 

72 



APPENDIX D (continued) 
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