University of North Dakota

LND UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects
1984

Bivalve associations of the Cannonball Formation (Paleocene,
Danian) of North Dakota

Rosanne M. Lindholm
University of North Dakota

How does access to this work benefit you? Let us know!

Follow this and additional works at: https://commons.und.edu/theses

b Part of the Geology Commons

Recommended Citation

Lindholm, Rosanne M., "Bivalve associations of the Cannonball Formation (Paleocene, Danian) of North
Dakota" (1984). Theses and Dissertations. 175.

https://commons.und.edu/theses/175

This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND
Scholarly Commons. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator
of UND Scholarly Commons. For more information, please contact und.commons@library.und.edu.


https://commons.und.edu/
https://commons.und.edu/theses
https://commons.und.edu/etds
https://und.libwizard.com/f/commons-benefits?rft.title=https://commons.und.edu/theses/175
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F175&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/156?utm_source=commons.und.edu%2Ftheses%2F175&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses/175?utm_source=commons.und.edu%2Ftheses%2F175&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:und.commons@library.und.edu

BIVALVE ASSOCIATICNS OF THE CANNONBALL FORMATION

(PALEOCENE, DANIAN) OF HORTH DAKGTA

T g

by
i Rosanne M. Lindholm
Bachelor of Science

University of Horth Dakota

e e on e s 15 e s

A Thesis
: Submitted to the Graduate Facully
§ of the
University of North Dekota
in partial fulfillment of the reguirements
for the degree of

Master of Science

Grand Forks, North Dakota

May
1984




E This thesis submitted by Hosanne M. Lindholm in partial
fulfillment of the requirements for the Degree of Master of

Seience from the University of North Daketa is hereby approved

by the Faculty Advisory Committee under whom the work has

been done.

{Chairperson)

| PR
i ¢ Aj%iéiz,zz;gg;wuhzf”

This thesis meets the standards for appearance and conforns
to the style and format requirements of the Graduate Schoaol of
the University of North Dakota, and is hereby approved.

T o 5=

Dean of the Graduate School




[ T T ——

Permission
Title Bivalve Associations of the Cannonball Formation
EPalaoceaez Danian) of Horth Dakotae
Deparitment _ fJeology ~

Degree _ Magter of 3cience

In presenting this thesis in partial fulfillment
of the reguirements for a graduate degree from the
University of North Dakota, I agree that the Library of
this University shall make it freely available for
scholarly purposes and may be grented by the professor
who supervised my thesis work or, in his absence, by the
Chairman of the Department or the Dean of the Graduate
School. It is understood that any copying or publication
or other use of this thesls or pari thereci for financial
gain shall not be allowed without my written permission.
It is also understocd that due rececgnition shall be
given to me and to the University of North Daketa in any
acholarly use which may be made of any material in my
thesis.

Signature T o oli el
Date F e




TABLE OF CONTENTS

LIST OF ILLISTRATIONS. + 4 + =« & 0 & o « o« x = + s = + =
LIST OF TABLES . 4 + 4 + 4« o = 4 o s o 4 o s v v s s s s
ACKNOWLEDGMENTS. + « v v v« v a4 s o o a e e e s e s o s
ABSTRACT 4 4 v v 4 v v o w s o o e e e e e e e e e e
INTRODUCTION « v ¢ v 4 s m v e e o m e e e e e e e e e

Genaral

Purpoge of Study

Previoug Work
Stratizravhy
Paleontolopy and Age

Structural Setting

Regional Stratigraphy

METHODS OF STUDY & ¢ 4 & v v v s v v v v v o v o e e vy

Fossil Localities
Fieldwork
Field Area
Foasil Sampling
Grain Size Analysis
Organic Carbon Analysis
Cluster Analysis
Bivalve Counts
Bivalve Measurements and Morphological Characters

RESUL?S L = - - " a . + ® = - - s * 4 L] * 0+ % o« - . LI 4 -

Lithology
General
Mudstone
Sandstone

Carmmonball Bivalve 3pecies

Bivalve Asscciations
Gensral
Ostrea«Corbula-Corbicula Assoeiation
Orassostrea-Corbicula~Corbula Association
Isogneomon Association '
Glycymeris~Arctica Assoeiation

iv

. vii

ix

xi

16

. 26




Crassatelia-Nucula Associstion
Modified Crassatella-Nucula Association
Ophiomorpha-Crab-Driftwood-Shark Teeth Association

PALEOECOLOGY. « . & &« v 4 o v v v s s a e v a s v o v« = & o Bl

e
General
Funciional Merphcology and Paleoecology of Dominant Cannonbail
Bivalves
General

Deposit Feederg
Nucula planomarginata
Sugpension Feeders
Glycymeris subimbricata
Arctica ovata
Isognopon Lioydi
Crassostres glabra and Qstrea sp.
Crasgabella - Dosiniopsis - Caegstocorbula
Corbuls - Corbicula

PALEQENVIRONMENTS OF THE CANNONBALL FORMATION BASED ON
BIVALVE ASSOCTATIONS. . v & v v o v 4 e 4 s u s o + 2 o « « » 178

Degtres~Corbula-Corbicula Association
Crasgostrea-~forbicula~Corbula Associatlon
Taognomon Association

Glyeymeris-Arctica Association

Crassatella-Nucula Association

Modified Crassatells-Nucula Association
Ophiomorpha-Crab~Drifiweod-Shark Teeth Association

DIGCUSSION. © o ¢ v o v v o ¢ o & w o s » & ¢ = 2+ » s+ + =« « - 102

Stratigraphic Relationships of Lithologic Units and
Bivalve Associations

Lower Unit

Lower-Middle Unit

Upper-Middle Unit

Upper Unit
fnvironments of Depesition

Source of the Cannonball Sea

Paleostrandlines

Water Depths

Depesitional Models for the Cannonball Formation
Depesitional History of the Cannonball Formation

PROBLEMS DESERVING FURTHER STUDY. . v v 4 o « w4 v o v = » » « 127

SUMMARY AND CONCLUSIONS . & v 4 ¢ v s & s o v s o o » o o » 2+ 129




APPTNDICES
APPENDIX I. Cannonball Fossil Jceurrence Localities . . 135

APPENDIX 1IT. Summary of Cannonball Fossil Localities
Exanined for this Study « . . . . . . « .. L&7

AFPENDIX IT1. Macrofossil Counts from Fossil Localities
Examined for this Study . . . . . . . . . . 156

APPFNDIE IV. Locslities of Measured Sections used in
Fim, 16 & v v e v s e e e e e e e e e e s . 159

APPENDTIX V. Systematic Paleontology: A Review. . . . . 162

REFERENCES CITED . . 4 & 4 4 4 4 o v v s = o o = v » o o « o « = 174

g

¥l




LIST OF ILLUSTRATICONS

Figure

1.

2!

b4

9.

10.

11.

Generalized stratigraphiec column for Upper Cretaceous
and Paleocene atrata in North Dakoba. . . . . « . « . .

Geologie map of scouthwestern North Dakota showing
Cannonball and adjacent formations {after Eluemle,
1983), and showing the fossil localities used in

this study. « © « « & 4 v v s v e s s e s e s e e e e s

Sand-gilt-clay ratios for Cannonbsll samples with
interpreted bivalve associations found in sach. . . . .

Photograph of Cannonball outerop in the type arsa

(T. 132 N,, R, 87 W.) showing the major Cannonball
lithotypes; sandstone {A) and mudstone (B). A
sandstone concretion (C) and what appear %o be
sandstone dikes and sills (D} ars also present. . . .

Distribytion of mean grain size of Cannonball rocks

in North Dakota, based on 44 randomly selected samples
from Morton, Grant, and Oliver Counties, North Dakota,
reported by Fenner (1974) . . . . . . .

Mean grain size versus percent organic carbon for
Cannonball samples with interpreted bivalive associa-
tions found in each . . « + ¢ v 4 s 4 v 4 e s v

f~mode dendrogram based on 20 bivalve snecies,
gastropeds, arabs, driftwood, shark teeth, and
Opniomorpha from 97 leoecalities. . . . . . 5 « « « 4+ .

G-mnde dendrogram bassed con 20 bivalve species,
gastropods, erabs, driftwood, shark teeth, and

Ophiomorpha from 97 localities. . . . . + . « . . . . .

Q-mode dendrograrn based on 20 bivalve species,
gastropods, crabs, teredinid-bored driftwood,

shark teeth, and Ophiomorpha from 50 localitiss

with known Lithology. - - = + « v ¢ ¢« ¢ ¢ ¢ 4o« « o

An oyster pod in the upper Camnonball tongue in

southwestern North Dakota (locality 96) . . . . . . . .

Discontinuous oyster beds in the upper Camnnonball
tongue in southwestern North Dakota (locality 96} . . .

12

18

28

30

33

37

44

46

48

52

5%




Figure

2.

13,

lz{-g

15.

16.

17.

18.

19.
20,
2L,
22,

23.

Zhe

25,

Poorly-preserved specimens of Isognemon lloydi
concentrated primarily in two zones in guddy sandstone,
and showing the underlying thinly-tedded sandstone
and mudstone {locality 65}, . v v v v v & « « + « + « o

Pieces of the hinge belonging t¢ Isognomon lloydl . . .

Exterior view of bivalves comprising the
Ostrea-Corbula~Corbicula association. + » « « » « « «

Jdnterior view of bivalves comprising ithe

Crasgostrea-Corbicula-Corbula association + « v « + . .

Crosp-section of the Cannonball Formation across Grant
and Morton Counties, southwest-central North Dakota

showing correlation and distribution of the lithologie
unite and the bivalve 8SsocigationS. + « « « o 5 » + &

Glvevmeris-~-irctica Associaticon. o v ¢ « v ¢« 4 o s + «

In situ aporrhaid gastropods and a natlcid gastropod
in muddy sandstone containing the {rasgsatelia-
Nucula association. . + « &4 « 4w o v« 4 v 5 « v v oa .

Craggatella«Nuculas Association. . + + « » « = % o + « &

Ophiomorpha in well-sorted Cannonball sandetone . . . .
Specimens of Cannonball erabs . &« & 4 & ¢ ¢ ¢ v o v . .
Cannonbali driftwood bored by teredinid bivalves. . . .

Swall-scale cross-bedding in muddy sandstone in the
lower Cannonball unit o . . & ¢ 4 4 0 v 4 4 4 4 e 0 4

Photomicrograph of micrite coneretion from Cannonball
mudstone showing bioturbation and a caleisphere . . . .

Generalized distribution and correlation of Cannonbkall
faunal associations with major transgressions and
regressions during Cannonball time. . . . . . . . . . .

viii

55
55

77

77

83
&8

91
93
98
98
101

105

117

122




Table

LIST QF TARLES

Abbreviated historical summary of the Upper Cretaceocus

and lower Tertiary stratigraphic section pomenclature used
in Wyoming, ¥Montana, Soutn Dakota, and North Dakota. . . . 4

Descriptive terms used to describe measured bivalve
morphological characters (from Stanley, 1970, p. 116). . . 64

Morphological characteristics of Cannonball bivalves . . . 65

Autecology of Cannonball bivalves. . + « » « v + « « « « « Bb

ix




ACKNOWLEDGMENTS

I would like to express my gratitude te Dr. Alan M. Cvancara
for acting as chairman of my thesis committee, for providing guidance
in and out of the field, and for his patience ithroughout this project.
I would also like to thank the other members of my thesis committee:
Dr. ¥. D, Holland, Jr., who provided a great deal of help in editing
the manuscript, and Ur. Richard D. LeFever, whose knowledge and
assistance in the world of computeré and ¢luster analyses were
invaluable,

I also wish to thank Edward C. Murphy, North Dakota Geological
Survey, who provided ftransportatiqn initc 8 nearly inacecesaible
field area.

Special thanks are due to %y feliow graduate students at the
University of Horth Dakota: in particular, Charises L. LoBue for
being my sounding beard and for providing constant support; Brian
P. Walliek for his enthusiasm and willingness toc share his thoughts
about Paleocene geology; and Sitephen C. Thompson whose geologic insight
and friendship were always appreciated.

I would like to acknowledge the Department of Geology, University
of ¥orth Dakota, for providing the facilities and funding for this
project. Partial field support was provided by the Beta Zela Chapter
of Sigma Gamma Epsilon and is gratefully acknowledged.

Fiﬁallj. I would like to thank my parents for their love and

endless encouragement.




ABSTRACT

The Cannenball Formation {Psleocene, Danian) is best exposed in
southwest-central North Dakota. Hers, two major lithotypes, mudstone
and sandstone, occur, In this area, the Cannonball can be informally
subdivided inte four lithelogic units: Zlower {primarily thinly-bedded
sandstone and mudstone}, lower-middle {sandstone}, upper-middle {mudstone},
and upper (sandstone)., The Cannonball is alsc exposed in southwestern
North Dakota where it occurs as two mudstone tongues {upper and lower).

During July and August, 1982, thirteen Gannonbali outorops were
studied, Bivalves, along with other macrofossils, were collected guanti-
tatively in an attempt teo determine fossil species dominance. Rock
samples were also collected and analyzed for textural characteristics
and organic ca%bcn copntent. In additien, R-mode and {-mode cluster
analyses were done using the repcrtedkoccurrences of X0 bivalve species,
along with other macrofossils, from 97 localities in North Dakota.

Five hivalve asgociations are defined: Ogtrea~Corbula-~forbicula,

Craggsoshrea~Corbicula~Corbula, Igognomon, (Olveyvmeris-~Archica, and

Cragsatella-Nuculg associations. One sub-assocciation, the modified

{rassatella-Nucuyla association, and a biotic assocciation of Cphicmorpha-

Crab-Driftwcod-Shark Teeth, are also defined. These associations aid
in the interpfetatiou of the relationships of Cannonball lithelegic
unite and depositional énvironments.

The Ostrea-Corbula-Gorbicula association {lower tongue) and the

Crasscstrea-Corbicula~-Corbula association {upper tongue) contain

: low-diversity faunas that are characterisgtic of brackish-water

environments asscciated with lagoons.
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The Lsognomon asscociation, found in the lower Cannonball unit,
pccurs in muddy sandstone rich in organic material. The abundance of
isogmomon, a large, thick-shelled, suspension-feeding bivalve, along with
the lack of other macréfassils, suggests an environment where conditions
were prohibitive to most organisms. A shallow-water environment
assoclated with a tidal flat is proposed.

The Glycymeris-Arctica association, found in well-sorted sandstone

in the lower-middle unit, is dominated by suspension-feeding bivalves.
The presence of Qlycyweris, a bivalve well adapted to high-energy condi-
tions, indicates & nearshore, wave-agitated beach environment. The
Ophicmorpha~Crab-Driftwood-Shark Teeth asscciation also occurs in
well-sorted sandstone but is not restricted to any Cannonball unit. The
association of these nearshore inhabitants suggests a beach environment
where depcsition teok place in the vicinity of the strandline.

The Crassatella-Hucula association occurs in the lower-middle

unit in wuddy sandstone. This association has high diversity and both
deposit-Teeding and suspension-feeding bivalves are present suggesting

a stable, subtidal environment. The modified Cragsatella-Nuculsa associa-

tion contains bivalves similar 1o the veriitable Crassatella-Kucula

association but lacks the high diversity. The modified assocciation
peours in variable lithology and is not restricted to any Cannonball
lithologic unit. It alsec represents a subtidal environment; however,
condifions were probably not corducive to high-diversity communities.
Two major transgressions and regressions cceurred during Cannonball
time, Based on the proposed associations, it seems likely that deposi-
tion af the brackish-water tongues in soubthwestern North Dakota is
correlative with two major transgressive events in southwest-central

North Dakota,.
xii
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INTRODUCTION

General

The Cannonball Formation (Paleocene, Danian) is a marine unit of
variable lithology in the Williston Basin in western North Dakota and
northweatern South Dakota. The Cannonball probably occurs throughout
the western half of the state but crops out primarily in southwest-central
North Dakota and is best exposed in the drainage of the Missourl River
and along three western tributaries, the Heart and Cannonball Rivers and
Cedar Creek, particularly in Grant and Morton Counties. Almost every-
where else, it 1s concealed by younger bedrock or glacial drift. The
notable exception to this occurs in southwestern North Dakota in the
Little Missouri Valley. Here, two distinct units occur, both
brackish-water tongues of the Cannonball Formation. These tongues
" are separated by approximately 100 feet (30 m) of nonmarine sedimentary
" rocks of the Slope Formation.

The Cannonball is composed primarily of mudstone and sandstone,
However, many Canncnball sediments fall somewhere in the continuum
between these two lithologies. Although the Cannonball lacks coal, it
interfingers with the Ludlow and Slope Formations, Cannonball continental
equivalents, both of which contain abundant lignite.

The marine fauna of the Cannonball has relatively low diversity
(when compared to others, such as the fauna of the Cretageous Fox Hills

Formation), and fossils are not particularly common or abundant at the

majority of Cannonball exposures. Previously, no paleoecological study
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of Cannonball macrofossils has been attempted. This investigation,
though noting all chgerved macrofossil relationships, deals primarily

with the paleoecology of one group, the bivalves,

Purpose of Study

The primary purpose of this thesis is to define the bivaive
éssociatioas of the Cannonball Formation in North Dakota. Secondary
purposes include: 1)} to determine the trophic structure of these
agscciations using functional morphology ito resonstruct the niche of
individual bivalve svecies; 2} to correlate these associations with
different lithotypes of the Cannonball Formation; 3) to determine any
organic carbon gradients among the Cannonball lithotypes in which these
associations occur: and 4) using sedimentary characters and the above,

to interpret the depositicnal environments of the Cannonball Sea.

Previous Work

Stratigraphy

The history of the stratigraphic nomenclature for the rocks that
are today designated as the Cannonball Formation (summarized in Table 1)
is couplex and goes back to the time of the earliest geologic expeditions
in North Dakota. The first konown record of Cannonball rocks was that of
Meek and Hayden (1856a), who incorporated the Cannonbell strata with
the Upper Cretaceous Fox Hills strata {then defined as "Formation
No. 5™),

In laﬁer years, confusion resulied because of the associaztion of
the Cannonball with the Fort Union and Lance Pormations. The tern
"Port Union" was initially used to designate coal-bearing strata in

. the country around Fort Union at the mouth of the Yellowstone River.




Table 1. Abbreviated historical summary of the Upper Cretacsous
and lower Tertiary stratigraphic section nomenclature
used in Wyoming, Montana, South Dakota, and North

Dakota.




Meek and] Hatcher, Leonard, Lloyd, Lloyd & Thom & Dorf, Brown, Clayton
Hayden, 1903 1908 1914 Hares, Dobhin, 1940 1948 et &8l.,
1856, 1915 1924 1977
1867 Southwest Grant Co.,|Harding Co,| Ment., No. | Wyoming, Scuthwest | Western
Po. Dak., | Wyoming No, Dak, No. Dak. |So. Dak. & Se. Dek. | Ho. Dak, No. Dak. No, Dak.
Upper
— =
oy =
Fortl Fort ‘fé% &
Union Union g’l‘ongue g:}‘f Tongue Bullion
m . 5 River Tl River Creek
oy | . m|  Mbr. sl Mor. Frm.
El o o T [
> pper pper o
& 5 & Cannon- & Ludlow Slope
@ o o £l Middle ball Mbr. |8 i
o = E j‘g = . o S AT &
4 2 '
o & =} & £3] 1br] D& ‘
B 2 - B = ¢Cannon Z &‘i ball
s | . AN MR EI E .
= !
2 Bl Lower iy 64 Hbr A R L e Fm,
£ - = HEE LRt N
MMMMM 7 B I gla 4
& £ o bl ) 1%
Fox Hills E o - & =
_ ol ©
Fm. @ g g “gll . Hell Hell
(Unjt 53| banee B A § gie lance Cresk Creek
@ ’ Oreek Lower w4 Lowser - T m. m, Fm.
el Fm.
&
&
&
W Fox Hills Fox Hills | Fox Hills |Fox Hills §¥Fox Hills | Fox Hills ] Fox Hills |Fox Hills
& Fam. - Fm. Fm. Fm. Fm. FPm. Fm. Fu.




5
The "Fort Union" was later extended to cover areas in North laxota,
eastern Montana, Wyoming, and South Dakota.

The term "Lance beds" was introduced by Hatcher {1303} to include
the beds above the Uretacecus Fox Hills Formation and below the Fort
Union in Converse County, Wyoming. This nomenclature was later extended
into Montana, (olorado, South Dakota, and Horth Dakota,

In 1914, Lloyd (p. 249) formally defined the "Cannonball marine
member” as the upper 250 to 300 feet (76 to 91 m) of the lance Formation
and designated as the Cannonball type area the bluffs of the Carnonball
River in Tps. 132 and 133 N., R.88 ¥W. (Lloyd and Hares, 1915, p. 533,
added R. 87 W. to the type area). This designation was a result of
Lloyd's study along the Cannonball River and its tributaries in
southwest~central Neorth Dakeota and was in some contradietion teo Leonard
{1908} who assigned all the strata in southwestern North Dakota above
the Fox Hills Formation and below the White River Formation to the
Fort Union. Leonard (1908, p. 49) also included in the Fort Union
strata containing beds of fossil oyster shells that he discovered
5 miles (8 km) southwest of the Yule Post Office (no longer in existence],
or, approximataly 15 miles {24 km) north-northeast of Marmarth, Slope
County, North Dakota.

In 1915, Lloyd and Hares {p. 528) named and defined the "Ludlow
lignitic member™ of the Lance Formaltion. In the same paper, they
discussed {p. 540) the oyster beds near Yule as representing a western
extension of the Cannonball,

A contrary view was expressed by Thom and Dobbin in 1924. They

said (p. 497) that the upper part of the "Cannonball marine member of

the Lance™ was eguivalent to the "Lebo shale member of the Fort Union
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formation” in Montana. In addition, the upper Ludiow was said to be
equivalent to the "Leko shale® and the lower Ludlow to the "Tullock
member of the Lance formation.™ .Farther, they suggested that the lower
member of the Lance Formation in North Dakota was eguivalent to the
"Hell Creek beds" of Brown (1907) in Montana.

Dorf {1940) utilized Tertiary plants in the Ludlow Formation as
evidence that the Ludlow, and therefore the Cannonball, were similar to
the Fort Union and were of Palesocene age. Howsver, he stated that the
lower member of the lLance (Hell Creek} was of Cretaceocus age. Thus,
the Lance Formation included‘only Hell Creek strata, and the Ludlow
beds were elevated to formational status of which the Cannonball beds
constituted a member. Both were placed in the Fort Union Group. The
Cannonball was raised to formational status by Fox and Ross {1942}
who supported a Paleocens age based on foraminiferal evidence.

Brown (1948, p. 1271) reported a second brackish-water tongue of
the Cannonball containing the bivalve Corbula. He first discovered
the tongus in 1%31 but did not publish this find until 1948. He
stated later (1962, p. 10) that the Corbula tongue oceurs aporoximately
150 feet {46 m) below the oyster tongue of Leonard (1908).

The stratigraphy of the Cannonball has been discussed to varying
degrees by many workers. Meny have reported their discovery of new
Cannonball ocuterops thereby extending ths limits of the formaticn.

Some of the more notable authors include HMall {1958), Lemke {1960},
Cvancara (1965, 1976), Pipiringos et al. {19%5), and Monnens {198C}.

A detailed discussion on the stratigraphic history of the Cannonball

Formation is given by Cvancara (1965).




Paleontology and Age

Early workers such as Meek and Hayden {1856a, 1857) confused the
marine strata of the Cannonball Formation, and thus its age, with
those of the Cretaceocus Fox Hills Formation. The confusion was settled
when the Cannonball was defined and named by Lloyd (1914) and placed as
a member of the Lance Formation. The Lance Formation, at that time,
was considered to be an equivalent of the Fort Union. Based primarily
on floral evidence presented by Knowlton (1911), both the Lance and
the Fort Union were assigned an Eocene age. This probably influenced
Lloyd (1914, p. 248) who, with some hesitation, assigned the "marine
member of the Lance Formation" a Tertiary age.

A prominent early study of the Cannonball fauna was published hy
Stanton (1920). He listed and described 2 species of foraminiferids,

63 molluses (31 bivalves, 31 gastropods, 1 scaphopod), and 2 species of
sharks, Using these molluscs, Stanton coneluded that the "Cannonball
member of the Lance formation" was of Cretaceous age even though the
Cannonball lacked ammonites and other distinctively Mesozoic groups.
-Because 30 percent of the Cannonball molluscs were also known from the
Fex Hills Formation, in addition to the apparent lack of marine Tertiary
rocks in the Western Interior, he was convinced that a Late Cretacecus
age was more accurate for the entire Lance Formation.

A Cretaceous age was generally accepted until Dorf (1940) re-examined
the Lance and Fort Union floras and concluded that the Ludlow, the
continental equivalent of the Cannonball, contains a Paleocene flora.
Thus, the Capnonball must also be considered of Paleocene age.

At approximately the same time, Fox and Ross (1940) examined in

detail the Cannonball foraminiferids and identified 64 species.
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Of these species, 38 were also reported to occur in the Midway (Paleocene)
of the Texas Culf Coast further supporting a Paleocene age for the
Cannonball. Swain (1949, p. 174) concurred with Fox and Ross when he
reported cstracode species in the Canncnball common to the Midway of
Texas.

Brown (1948) reported his discovery of a Cannonball brackish-water
tongue exposed in the Little Missouri Valley containing the bivalve
Corbula. He stated (1962, p. 10) that the Corbula tongue occcurs 150
fest (46 m) below the Cannonball tongue described by Lecnard (1908,

. 48) containing beda of the oyster Jstresa subbrigonalis Evans

and Shumard.

Cvancara (1965, 1966} described and illustrated 30 species of
Cannonball bivalves. In his comprehensive stratigraphic study, Cvancars
(1965, p. 104) voncluded that more similarity exists between Cannonball
bivalve specles and the Paleocene species from the London and Paris
Baging than with those from the Midway Group of Texas. Based on this,
he proposed a Thanetian (middlé Paleocene) age for the Cannonball.

Cvancara {1966, 1970a) also reported teredinid bivalves from
the Cannonball. He described (1970a) teredinid pallets that established
the Paleccens sxistence of the extant genus Holtotersdo.

In 1969, Fox and Olsson reported 7 species of planktic foramini-
ferids, Though planktic foraminiferids are rare in the Cannonball, their
agsgenblage belongs teo a zone indiecative of the Danilan Stage of the
Paleocene. The more common benthic foraminiferids were analyzed by
Fenner (1974} who identified 26 species. In 1976, Fenner further

identified 50 species of benthic foraminiferids and 4 species of

planktic foraminiferids from 60 water test wells in western North Daketa.
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Van &lstine (1974) examined the fauna from the Cannonball
brackish-water tongues in Slope and Golden Valley Counties, scuth-
western Norih Dakoita. The biota of the nonmarine Ludlow (now the
Slope Formation), which interfingers with the Cannonball in this area,
was also analyzed. ¥r, Edward 5. Beli, Professor of Geclogy, Amberst
College, Amherst, Massachusetts, reported (1983, personal communication)

the sasternmost occurrence of the bivalve Corbula (Bicorbula)

subtrigonalis in the lower Cannonball tongue in the 8W 1/4 Sec. 36,

T. 135 N., R. 105 W,
Additional invertebrate and vertebrate forms reported from the
Cannonball inelude corals (Vaughan, 1920; Wilson, 1957), crabs (Helland

and Cvancara, 1958), the nautiloid cephalopod Hercoglossa ulrichi

(Feldmann, 1972), lobsters (Feldmann and Holland, 1971), ithe fossil

burrow Ophismorpha (=Halvmenites) (Cvancara, 1965; Van Alstins, 1974;

Monnens, 19803 Goodrum, 1982), sharks (Stanton, 1920; Leriche, 1942;
Pipiringos et al., 1965), and skates, rays, turtles, and crocodiles or
alligatoré {Cvancara, 1965; Pipiringos et al., 1965},

Sloan (1970) concluded that the Cannonball was in the Puercan and
Torrejonian (early to middle Paleotene) stages based on mammalian
repains in the overlying Tongue River Formwation. This was contradictsd
by Holtzman {1978) whe #ls0 examined fossil mammals from the base of
the Tongue River Formation that indicated, to him, & middle-late
Paleocene {middle Tiffanian) age for this unit. By association, he
concluded that the uppermost part of the Cannonball is alsc late
Faleocene in age.

Studies of the Cannonball flora have provided additional svidence

to support a Paleocene age. The macroflora has been studied by 3rown
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{1962} and Stanley (1965). The microflora consists of spores, pollen,
éianl&g@iléteﬁ, and hystrichosphaerids and has been described by
Stanley (1965) and Robertsen (1975). Cvancara {(1970b} reported 2

species of Cannonball driftwoed, commonly bored by teredinid bivalves,

Structural Setting

The Cretaceous and Tertiary rocks in North Dakotaz are structurally
{ infiuenced by the ¥Williston 3asin. This intracratonic basin covers
51,600 square miles (133,644 sq km) of North Dakota as well as parts of
Jouth Dakota, Montana, HManitoba, and Saskatchewsn and has a thickness
of up to 15,000 feet (4,570 m} of Phanerozoic sedimentary rocks
(Carlson and Anderson, 1965). Other structures superimposed upon the
hasin eonsist of anticlines, lineaments, and highs {Cerhard et al., 1982),

The Cretaceous and Tertiary rocks in North Dakota generally dip
toward the centér of the bagin, located about 40 miles {64 kn) southeast
of Williston (Carlson, 1982, p. 4). Dips are most commonly gentle,
less than 1 degree; however, minor structures may locally change the
amount and direction of dip. A4 more detailed discussion of loeal

structure is given by Cvancara {1976, p. 12-13).

Regional Stratigraphy
The stratigraphy of the early Tertiary in North Dakota is complex
and nomenclature has been revised in recent years, Controversy has 5
revolved sround the Ludleow, Cannonball, and Tongue River Formations,
and problems with correlation of the Ludlow and Tongue River belween o
North Dakota, South Dakota, ard Montana has resulted in the introduction

(Clayton et al., 1977} of two new formation names in North Dakota, the

Slope Formation and the Bullion Creek Formation (Fig. 1). 11!

:{ jj'i:
Tl
i
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Fig. 1. Generalized stratigraphic column for Upper Cretaceous
and Paleocene strata in North Dakota.
(UT = upper Camnonball tongue, LT = lower Cannonball tongue;
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The lignitic¢ Ludlow Formation formerly included strata between
the Camnonball and Hell Creek Formations in northwestern South Dakota
and scuthwestern North Dakota. However, with the introduction of
the Blope Formation, the Ludlow is restristed to this interval of
gtrata enly in ceniral North Dakota, and to strata beiween the Hell
Creek and the T Cross lignite in western North Dakota, where Clayton
et al. (1977) considered the Cannonball to be absent. Thus, the
nommarine 3lope Formation, consisting of altsrnating beds of
peorly-consolidated claystone, siltstone, sandstone, and iignite,
includes strata that were previcusly considered the upper part of the
Ludlow Formation in western Norih Dakota, in addition to part of the
Tongue River Formation in central North Dakota. By definition, the
top of the Slope Formation is marked by a widespread, white siliceous
zone (Rhame Bed) interpreted as a paleosol (Moore, 1976; Wehrfritz,
1978; Monnens, 1980C).

The Slope Formation is unconformably overlain by the Bullion Creck
Formation., This unit alsoc consists of alternating beds of
poarly-consolidated claystone, siltstone, sandsbtone, and lignite,
and includes sedimentary rocks beneath the Sentinel Butte Formation
but above the Rhame Bed. It is equivalent to those strata previously
consldered to belong to either part or all of the Tongpue River Formation
in central aﬁé western Horth Dakota.

The Slope Formation, with its type section along the Little
Missouri River in Slope County, overlies the Cannonball Formation in

central Neorth Dakota and the Ludlow in western North Dakota, where

the top of the T Cross lignite is considered to be the contact between
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the Ludlow and Slope Formsitions. Because both tongues of the Cannonball
occur above this- bed, they are, by definition {(Clayton et al., 1977),
brackish-water lithofacies of the Slope Formation. It is fthe author!s
opinion that the brackish eorigin of these deposits iz the result of a
connection with more normal msrine Cannonball sediments in central North
Dakota and, therefore, the two tongues containing brackish faunas in
wgstern North Bakola are stratigraphic equivalents of part of the
Cannonball in neorthwest-central North Dakota, Thus, for the purpcse of
this study, the Cannonball Formation is considered to interfinger with
both the Ludlow and Slope Formwations, the Cannonbsll continental egquivalents,

The Cannonball, along with the Ludlow, Slope, Bullion Creek,
and Sentinel Butte Formations comprise the Fort Union Group. This
stratigrapbic clasgifilcation is used by the North Dakota (Ceologieal
Survey; howevér, the United States Geclogical Survey uses the Fort inion
as a formation rather than a'group.

The Fort Union Group is underlain by the Hell Creek Formation,
conaisting of, in many places, poorly-consvlidated sandstone, siltstone,
bentonitic shale, and minor lignite deposiited in a fiuvial-deltaic
environment. Helow the Hell Creek are the sandstones and shales of
the Fox Hills Formation, representing nearshore marine conditions;
that overlies the Pierre Shale, consisting of shales and mudstones with
minor sandstone, deposited in a more offshore marine environment., The
Pierre-Hell Creek sequence is mostly of Late Cretaceous age although
the top of the Hell Creek may be Paleoccene in age (Archibald, 1982),

Overlying the Fort inion Group are the shales and sandstones of

the continental Golden Valley Formation of Paleocene and Focene age

{Hickey, 1972, 1977).
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These Upper Cretaceous and lower Tertiary rocks generally crop
cut in southwestern and scuthern North Dakota. The rocks of the
Cannontall Feormation are found primarily in scouthwest-central North
Dakota, most commonly in the drainage of the Missouri River and

especially itz western tributaries, the Heart River, the Cannonball

River, and Cedar Creek.




METHOILS OF STUDY

Fossil Localities

Cannonball foseils oceur primarily at scattered outcrops in southwest-
central North Dakota and in southwestern (Slope County) North Dakota. These
fossils have been collected and described over the past years by nmany
workers. Cvancara (1965, Appendix C) compiled a list of recorded
gpecles occurrences, 97 of which are used in this study. The localities
of these 97 reported occcurrences have been numbered in a roughly
geographie succession from northeast Lo southwest ag shown in Fig. 2.
fenerally, one nuamber represents one lecality; however, in two cases,
two different numbers were used to represent the same geographic
locality (15, 16 and 21, 22). The reason for assigning two successive
numbers to one outerop ise that different fossils were reported to
veour in two distinet units; for example, a fossiliflerous mudstone
and a fossiliferous sandstone are both present. Thus, each lithology

was considered a discretse occurrence and assigned a number.

Fieldwork
The fieldwork for this investigation was accomplished during
July and August, 1982, The purpose of the fisldwork was twofold.
First, in order to determine any fossil species dominance, gquantitative
eollecting of fossils wes necessary, and sscond, in order ito determine
any ¢orrelation between Fossil occurrence and lithology, samples of
the matrix enclosing the fossils were collected. Rock colors were

recorded in accordance with Goddard et al. (1948).

16
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Ceclogic map of southwesiern North Dakota showing
Cannonbzll and adjacent formations (after Bluemle,
1983), and showing the fossil localities used in
this study. The localities marked by the diamond
symbol are those sampled by the author. Locality
and sample desecriptions are given in Appendix I and
II. Although all fossil collecting localities are
known Cannonball outcrops, Bluemle (1983) did not
extend the Cannonball bedrock limits to include all

af then.
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Field Areca

Of the 97 reported fossil occcurrences, 13 localities {(shown on
Fig. 2 by the diamond symbol) were examined by the author. These
localitlies were chosen based on their reported relatively diverse
and dense fossils and are found primerily in Grant and Morton Counties,
southwest-central North Daketa, In additicn, two localities in Zlope
l} Gounty, scuthwestern North Dakota, were investigated where the Cannon-
ball tongues are exposed.

Both fossils and their enclosing matrix were collected at these
] 13 loealities and brought back to the University of Horth Dakota for
study. Fossll samples were assigned University of North Dakota accession
numbers. In addition to the fossils cellected by the author, some of
{5 the same locelitles had been resampled by Dr. Alan Cvancars several
years earlier. "His collected fossils were alsso used in this study and
are distinguished from the author's sauples by having different
accesgion numbsrs {A@pendix II}.

Rock samples were nolt assigned accession numbers and are thus

referred to by theil corresponding locality number.

Fossil Sampling

An attempt was made fo coliect fossil samples in a guantitative
manner. However, because the Cannonball outerops vary considerably in
% fossil concentration, degree of lithification, and quality of fossil
preservation, several methods were employed. These included:

1) Extracting specimens from a given volume of rock. The

poorly-congelidated rocks were disaggregated by scaking in water and

Teeslls recovered by sieving throush a screen. This method was triad




'-u? :

S S

20
and abandoned primarily because at most outerops the fossil
concentration, sven in large volumes of sediment, was toe low Lo
make this method feasible.

2) Line intercept transect method. This nmethod involved counting
all spzeimens along a given line of expesure. Once again, the low con-
centration of fossils pade this method impractical at many outerops.
However, it was found applica®le at locality 65 where the bivalve
Isognomon occurs. Because of shell detericration, extraction was not
possible and this method was ewployed i determine the abundance of
this taxon.

3) Quadra® method. Fossils present in a one square neter area were
counted and identified. The application of this method was regquired at
the upper Cannonball tongue cutcrop, locality 96, where pods and dise
continuous beds. of poorly preserved oyster shells oceur.

4} Because of the relatively low concentration of fossils at
the majority of Cannonball outerops, the method most commonly used
involved colleoting visible fossils from the surface of a measured
area of outerop. The areal dimensions veried for each outerop and
were dependent upon foseil distribution and concentration along with
outerop geometry. The collected area (given for each locality in

Appendix II) did not necessarily correspond ta the total outerop area.

Grain Size Analysis
Texturzl parameters were delhernined for all collected reck samples.
This was accomplished by first dispersing the rock and then asieving.
Dispersal proved to be a problem for some samples; however, a method
using hydrogen peroxide (larver,1971, p. 58) that destroys organic

matter was generally effective.
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After dispersal and drying, the samples were wet-sjeved with a
4wmphi (62 um) screen to separate the silt and ¢lay from the sand fraction.
The silt and clay were then pipstied according to the method of larver
(1971, p. 79-87). The dried sand was sieved using a Ro-Tap at intervals

of 1 phi.

Organic Carbon Analysis

411 rock samples were analyzed for organiec carbon. A variety of
analytical techniques can be used to determine total organic matter
and each method presents unique sources of error. The Cannonball rock
sapples were analyzed for organic ca@bon content using the hydrogen .
peroxiéa technique of Jackson {1958, p. 222-225}. Basically, this
technique destroys the organic matter in a sample by oxidatioen. An
estimate of the original abundance is obtained by comparing the initial
and final weighﬁ of the sample. Organic matter analysis via oxidation
with H292 is simple, fast, and xaquire§ pinimal equipment. However, only
the most readlily oxidized compounds are destroyed and the coxidation of
the organic matter is rarely complete., In addition, uncertainties of
diagenesis make absoluﬁe values of organic "fosgil" carbon difficult
to interpret. However, the relative differences in organic carbon

between samples are probably real.

Cluster Analysis
Cluster analysis is an efficient way of displaying complex
relationships among many objects., The purpose of cluster analysis is

to define the degree of similarity between units defined by, in this

case, binary (presence-absence} data.
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Two modes of data analyses werse u;ed, R-mode and G-mode. R-mode
anglysie iz used to express the similarity relations betwsen pairs of
characters (in this case, pairs of taxa). @-mode expresses similarity
relations between examples (in this case, fossil localities).

There are 30 known species-of bivalves from the Cannonball
(Cvancara, 1965; Van Alstine, 1974). Of these, less than 10 are
found in abundance over a wide geographical area. Others are found in
abundance locally, and still others are found only rarely. A record
of species occurrence has been documented by Cvancara (1965, Appendix C)
for 115 loeslities and by Van Alstine (1974, ap;;endix III) for four
localities. ‘

Because some bivalves are found rarsly, certazin species were not
included. If a species was present at less than four localities, and
occurred in small numbers, it was excluded. As a result of such
exclusion, the following species (repo;ted by Cvancara, 1965, 1966)

were eliminated: Nucula sp., Nuculana thomi, Crenella cedrensis,

Crenella stantoni, Arcuatula gchallerensis, Adula sp., Phenacomya harssi,

Corbicula evtheriformis, and Iaternula? subgracilis.

Bivalves such as Crassostrea glabra and Iscogpomon llovdl wesre

used even though they were found at less than four localliles because,
where present, they occur in high concentration and are considsred
environmentally significant, Further, any locality with less than two
bivalve specles or fossil types was considered insignificant and was
eliminated from the analyses.

In the final tally, 20 species of bivalves from 97 localities

constituted the data. Gastropods, crabs, shark teeth, Cphiomorphs,
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driftwood, and corals were also included to determine any reiaticgships
these macrofossils may have with the associations and distribution of
the bivalves,

The first step in cluster analysis iz to calculatée a matrix of
all zombinations of gimilarities between'objects. In Q-made analysis,
the gimilariiy in the type of bivalves and macrofossils between
collecting localities is compared, and a sémilaéiiy coefficient is
caleulated for each possible pair of loecalities. The similarity
coefficient used for this study is callsd the Dice Siﬁilarity Coefficient

{Cheatham and Hazel, 196%) and is:

20

Nl + N2

¥ 100

where £ is the total number of fossil types common te both loealities,
Nl the number of fossil types found at lecality one, and , the number
found at locality two. Two different Q-mode analyses were performed for
this study. One used 97 localities, and the other, 50 localities.

The second analysis was done because only 50 of the selected 97
localities have known lithology, and correlation of rock type with
fossil asgociations 1s of interest.

In R-mode analysis, the same similariiy cocefficient is used.
However, the variables have different meaning. In this casze, C
represents the number of samples sommon to two bivalves or macro-
fessils, Nl the number of sampleg in which fogsil one oeccurs, and §2
the number of samples in which fossil two occurs. As before, &

similarity coefficient is calculated for all possibly pairs of taxa.

After the matrix is complete, the next step in clustering

involves searching the matrix and combining into one group the two
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objects with the highest mutual similarity. Then, the similarity
measure petween the group and the other cbjects are ecalculated as the
average belween each member of the group and each remaining object,
This process is repeated until all objects belong to one large group.
This preocedure, called the urweighted pair group methed, is one of
several commonly used clustering techniques, The results of clustering
are graphically displayed by & dendrogranm which shows the relation-
ships between the object and the similarity measure. In these analyses,

the similaritiss become greater as the measure approaches 100.

Bivalve Counts
The fossils colleeted from the 13 outcrops chosen for this study
were cleaned, identified, and counted. The number of bivalve individuals
was estimated by counting hinges. Fragments were noted, especially
when large numbers were present, but not included in the counts.
Gastropods were also counted but only if the last whorl was present.

411 other fragments were merely noted.

Bivalve Measurements and Morphological Characters

In order to determine the niche and life habits of Cannonball
tivalves, a series of measurements was made on all obtainable specimens.
" These consisted of specimens collected primarily for this study along
with those already present in the University of North Dakota collsction.
In addition, Cannonball fossils belonging to the University of Michigan
were obtained on loan, HMsasurements were made in accordance with the
method outlined by Stanley (1970, p. 19). Theée included shell height,

shell length, and shell width. TFor each bivalve species, the values of

these measures f{row each specimen were averaged and used to calculate
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bivalve obesity and bivalve elongation. The ratio of shell height/width

determines the degree of obesity and the shell length/height ratio

the degree of elongation. Other morphological characters were also
examined, ineluding the presence of pedal and siphonal gapes, pallial
sinue, and marginal dentieulation in addition to ligament and wvalve
type {equivalved or inequivalved).

Becauge most of the Cannonball bivalve genera are extant, research
on the 1ife habitz of these modern-day representatives wes a valuable
interpretative aid. Thie information, along with the above measurements
and morphological characters, was used to interpret feeding type

(deposit-feeding or suspension-feeding) and mode of life {epifaunal

or infaunal).




RESULTS

Lithology
General

At the thickest exposure of the Cannonball Formation, along
the Heart River in northeastern Morton County (locality 21), the
Cannonball is approximately 300 feet (91 m) thick (Cvancara, 1965,

P- 34). In the subsurface, a maximum thickness of 395 feet (120 m)
was reported by Fox and Olsson (1969) from a well core at Garrison
Dam, and a thickness of 385 feet (117 m) by Cvancara (1976) in North
Dakota State Water Commission Well 2527 in southeastern Hettinger
County. The Cannonball thins westward to two tongues that have a
combined thickness of approximately 50 feet (15 m) in Slope and Golden
Valley Counties, North Dakota. Thinning of the formation also occurs
to the south (Cvancara, 1976, Pl. 4).

The litheolegy of the Cannonball is variable. The textural diversity
of rocks collected for this study is shown in Fig. 3; however, there
are two major lithotypes, mudstone and sandstone (Figz. 4}. The term
"stone', usually used to designate an indurated sediment, may be some-
what misleading. Cannonball rocks, like most of the Tertiary section
in North Dakota, are predominantly poorly-consolidated, although
well-lithified beds also occur. The nearly unconsolidated character
of these rocks makes them almost tantamount to sediments, and to refer

to them as such is tempting, and probably not totally incerrect.
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Fig. 3. Sand-silt-clay ratios for Cannonball samples with
interpreted ‘bivalve association found in each.
Numbers correspond to lLocalities shown in Fig. 2.
A complete locality and sampling description is
given in Appendix II.
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Photograph of Cannonball outerop in the type area
(North side of Cannonball River, T132N-R88&W-1l%,
southern Grant County, North Dakota) showing the
major Cannonball lithotypes: sandstone (4) and
mudstone (B). A sandstone concretion (C)} and what
appear to be sandstone dikes and sills (D) are also
present, {Photograph taken by Dr. A. M. Cvancara)
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However, because the Cannonball deposits have undergone scme lithifica-
tion (desiccation, compaction, and cementation), and for the sake of
consistency, the term "stone" will be utilized throughout.

The mean grain slze distribution of the Cannonball is bimodal
as reflected in Fig. 5. Based on 44 samples randomly chosen by Fenner
(1974), the mean grain size ranges from fine sand to clay (2 phi to
10 phi). Of the total distribution, 34 percent is betwsen 3 and 4 phi
(reflecting the fine-grained sandstone) and 53 percent of the total
distribution is between 6 and 9 phi {(reflecting the silt and clay of
mudstone). Thig distribution reflects the observable dominance of
mudstone over sandstone in Nerth Dakota,

At many places, the Cannonball alternates vertically from sandstone
to mudstone (Fig. 4} and the contact between the two is most commonly
( gradational. Fenner (1974, p. 16) reported that the thickness of the
sandstone averages about 23 feet (7 m) and the mudstone, 40 feet (12 m}.
Although mudstone is generally more abundant throughout Horth Dakota,
the Cannonball in South Dakota is primarily sandstone, and has a reported
{Goodrum, 1982, p. 38) maxinum thickness of 135 feet (41 m)., Cvancara
(1976, Pl. 4) also indicated a higher percentage of the sandstone
lithology {75 percent sandstone, 25 percent mudstone} in extreme
southern North Dakota (Bowman and Adams Counties). Hence, it appears
that as the total thiclmess of the Cannonball in North Dakota decreases

f to the south, the sandstone percentage increases.

Mudsztione

The term "mudstone" is used here rather loosely to encompass all

Cannonball rocks with a content of greater than 50 percent silt and
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Fig. 5. Distribution of mean grain size of Cannonball rocvks
in North Dakota, based on 44 randonly selected samples
from Morton, Grant, and Cliver Counties, Horih
Dakota, reported by Fenner (1974).
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clay. A closer examination of the textural parameters reveals that,
when classified according to Folk (1974, p. 26}, there is a great
deal of variation and Cannonball "mudstone'" includes claystone,
siltstone, mudstone, sandy mudstone, and sandy claystone.

Cannonball mudstone appears light olive gray (5 ¥ 5/2) on
weathered surfaces and brownish gray (5 YR 4/1) to clive gray {5 Y 4/1)
on fresh, moist surfaces. It commonly haes a blocky appearance.
According to Femmer (1974, p. 17-18), clay minerals are primarily
montmorilleonite and illite with lesser amcunts of kaoclinite and
pos8ibly ehlorite. Cannonball mudstone contains varying amounts of
gand., In addition, thin, intercalated sandstone and mudstone beds are
common, especially near the contact between the thicker mudstone-sandstone
{ units.

i Two types-of concretions occur in Cannonball mudstone. Hest
abundant are calcite-cemented mudstone concretions that often contain
plant fragments but few other fossils. Less common are the densely

{ crystalline micrite concretions. 1In contrast,.these copmonly contain
mollusces and other fossils. The mudstone enclosing both types of
conoretions, like most Cannonball mudstone in southwest-central Horth
Dakota, is not particularly fossiliferous. The mudstone of the Cannon-
ball tongues 1In southwesiern North Dakota, however, has sbundant fossil
bivalves.,

The erganic e¢arbon content of Cannonball mudstone is variable bub
averages about 4 percent in the Cannonball tongues and about 1 percent |

in southwest-ceniral North Jakota. In both cases, there appears to

be a general increase of organle carbon content with decrease in nmean
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grain size {?ég, 6); however, exceptions occur. FPor example, sample
964, from the upper tongue, has a agean grain size of about 8 phi and
containa 69 percent silt and 31 percent clay, a siltstone by Folk's
(1974, p. 26} classification, and it contains 8.6 percent organic
carbon, This is anomalous when compared to sample 96B, collected
approximately 1 foot (0.3 m) above 96A, that has a mean grain size of
8.6 phi, 43 percent silt, 57 percent eclay (classified as a mudstone},

but only 2.6 organic carbon.

Sandstone

Sandstone in the Canneonball exhibits considerable variation.
Coler varies with sandstons lithelogy and ranges f{rom pale yellowish
orange (10 YR &/6) on weathered surfaces tc moderate yellowish brown
{10 YR 5/4} on fresh surfaces for sandstone with low clay content,
yellowish gray (5 ¥ 7/2) and olive gray (5 Y 4/1) on weathered and
fresh surfaces for sandstone with moderate clay content, gnd light
olive gray (5 ¥ 5/2) and olive black {5 ¥ 2/1) on weathered and fresh
surfaces for sandstone with high clay content, Texturally, these
sediments range from 2 fine-~ to very fine-grained, well-sorted guartz
sandstone to a muddy sandstone. HMean grain sisze ranges from 2.7 fo
5 phi. In addition to guartsz, mica is generally also present.
Glauconite content ranges from 0 to 2 pesrcent {Cvancara, 1976, p. &)
and contributes to the gediment's green tint that sometimes becomes
} so apparent the sandstone can be termed a '"greensand."
Planar and tabuler cross-bedding is found in Cannonball sandstone

and apparently is restricted to this lithology, but good exposures

showing c¢ross-bedding are not abundant. The thiclness of cross-bed
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Mean grain size versus percent organic carbon for
Cannonball samples with interpreted bivalve associa-
tiong found in sach. WNuwmbers cerrespond to collecting
localities shown in Fig. 2. A complete locality and
sampling description is given in Appendix II.
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sets is reported {Cvancara, 1965, p. 39) to vary from 2 few inches
to 10 inches {to 25 cm).

Although most Camnontall sandstons is poorly consolidated, it
commonly contains well-indurated sandstone bodies. Some of these are
subsgpherical concretions ranging in size from small, fist-sized forms
to larger (up to 2.5 feet, 0.8 m, in shortest dimension) concretions
{Cvancara, 1976, p. 8). The larger concrefions are generally
calelite~cemented and do not c¢ommonly contain fossils. The smaller
forms have common phosphatic cement and contain crabs and other
fossils. In addition to these concretions, well-lithified, laterally
persistent, lenticular beds occur in Cannonball sandstone, These
beds thicken and thin over a distance, and averagze 2 to 6 feet (0.6 to
1.8 m) thick. In southern Morton County, there are at least two
topographic benches, each at a different stratigraphic level, capped
with a persistent, lithified sandstone. Cvancara {1980, p. 34) has
traced two of these benches .for distances of 40 and 70 miles (64 and
113 km).

The organic carbon content of the sandstone is slightly lower
than that of the mudstone in the Cannonball., There is, nowever, some w
varjation in amount of organic carbon within the sandstone with values
ranging from near zero (0.04 percent) to about 1 percent (Fig. 6). As
in the mudstone, there appears to be a relationship betwsen decreasing
grain size and increasing organic carbon content withia the sandstons.

Although there is a scatter of points, such a relationship is

generally apparent.
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Cannonball Bivalve §pecies
Gverall, bivalve species dive;sity is low in the Cannonball.
Superfamilies with highest diversity include Nuculacea {3 species),
Arcacea {2 species), Pheriacea (2 species), Ostreascea (2 species),
and Myacea (3 species).
In terms of abundance, the fellowinz bivalves are most common
in southwest~central North Dakota (in approximately this order):

Arctica ovatva, Dosiniocpsis deweyi, Nucule planomarzinsta, Crasgatells

evansi, Glveymeris subimbricata, Caestocorbula sinistrirestella. In

addision, teredinid borings are common in Cannonball drifiwcod. In
southwestern North Dakota, the following bivalves have been reported

from the tongues: C(rassostres glabra, Osirea sp., Corbigula berthoudi,

and Corbula (Bicorbula} subtriponalils,

The following bivalve species were used in this study. Some
of their names have been updated fozloking more recent literaturs
(discussed in Appendix V) since these bivalves were reported and
desceribed by Cvancara (196€),

Superfamily Nuculacea

Fawily Nuculidae
Nucula planomarzinata Meek and Hayden

Pamily Nuculanidae

Kuculana evansi (Meek and Hayden)?

Nuculana mansfieldi (Stanton)

Superfamily Solemyacea
-Family Soleumyidae
Sclemya bilix White

Superfamily Arcacea
Family Cucullaeidas

Cucullasa solenensis Stanton




Family Glycymerididae

Glveymeris gubimbricata

Superfamily Pieriaces
Family Pteriidae
Pteria linguaseformis (Evans and Shumard)}
l Family Iscgnomonidae

Isozneomen lloydi {Stanten)

Superfampily Ostreacea
Family Ostreidae
Crassgstrea glabra {Meek and Hayden)

Ostres sp.

Buperfamily Lucinacea
¥amily Lucinidae

Codakia? (Claibornites) cedrensis (Stanton)

Superfamily Crassatellacea
Family Crassatellidze

B ———

Crassatella evansi Hall and Meek

Superfamily Arcticaces
Family Arcticidae

Arctica ovata {Meek and Hayden)

L Superfamily Corbiculaces
Family Corbiculidae
Corbicula berthoudi White

Superfamily Veneracea
Family Veneridae

Dosipiorsis deweyl (¥eek and Hayden)

Superfamily Myacea
Family Corbulidae

Corbulae (Bicorbula) subitrigonalis (Meek and Hayden)

Corbula mpactriformis {Meek and Hayden)

Casgtocorbula sinistrirostella Cvancara
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i Superfamily Hiatellacea
Family Hiatellidae
Panopea? cf, P. gimulatrix Whiteaves

Superfamily Pandcraces

Family Periplomatidae

: Periploma sp.
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(%. Bivalve Associations
General

Five bivalve associations (and a sub-agsociation) are defined
based on both field observations and the apparent zssociations of the
bivalve species reported from 957 localities (Fig. 2}, displayed
graphically by the R-mode and Q-mode cluster dendrograms (Figs. 7, 2,
and 9), The associations are quantified from the fossils collected
at the 13 outcrops selected for this study, The bivalve associations,
listed below, have been interpreted as occcurring at the indicated
loeczlities visited by the author for this study. University of North

Dakota accession numbers refer to fossil samples from sach locality.

Univ. of ¥N. D.

Bivalve Association Locality Number  Accession Ho.
Ostrea-Corbula-Corbicula 97 A2564
Crasgostrea-Corbicula«Corbula 96 A2565
Isognomon 65 AZ559

! Glyeymerig-Arctica 7 AR543
24 A2545
Crassatella-Nucula ' 75 AZ853, AR554
76 A2555, A2556
77 AZ558
‘ 872 AR547, AR548
Modified Crassatella-Nucula 16 AZ543, ARE50
22 42563
24, Ad552
33 AR2546
, 68 AZ562
' 87 A2560, 42561

The most distinguishing bivalves were used to name the associations.
The first bivalve in the nawe appears primaril} in that asscciation and
rarely or not at all in any other association. The other bivalves in
the name may commonly occur in anotﬁer asgociation but are more

characteristically found with the first bivalve.
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Fig. 7. Re-mode dendrogram based on 20 bivalve species,
gastropods, crabs, driftwcod, shark teeth, and

Cphiomorpha from 97 localities shown in Fig. <.
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! Fig. 8. Q-mode dendrogram based on 20 bivalve species,

i gastropods, crabs, driftwood, shark teeth, and

' Uphlomerpha reported from 97 localities shown in
Fig. <.
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Q-mode dendrogrem based on 20 bivalve species,
gastropods, crabs, teredinid-borad driftwood,
shark teeth, and Ophiomorpha reported from 50
localities with known lithology. Clusters are
numbered 1 to 7,

. Glveymeris-Arctica Association - cluster 1

Crassatella-Nuculs Association - eluster 3

Ophiomorpha-Crab-Driftwood~

Shark Teeth Association - cluster 6

Modified Cragsatella-Nupula Association - clusters 2, 4, 5

Cragsostrea-Lorbicula~-Corbula Asscciation

- ¢luster 7

Ostrea~-Corbula~Corbicula Association
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Ostrea-Corbula-Corbiculs Assaciation

The Ostrea-Corbula-Corbiculs asscciation is found only in mudsione

in the lower Canncnball iongue best exposed on the east side of the
Little Misscuri River, Slope County, North Dakota {locality 97). The
tongue is approximately 7.5 feet (2.3 m) thick and overlies the T Cross
lignite bed so that it occurs in the Slope Formation.

Diversity is low and the three bivalves that name this assocciation
are, as far as is known, the only ones present. Neither are any other
macrofossils found; however, Van Alstine (1974, p. 89) reported two

gpecies of foraminiferids frow this unit, coamon Trochamminag sp. and

rare THaplophragmoides sp., both collescted near the top of the tongus.

Bivalves were collected from a 3.5-foot-thick (1.1 m) section of the

unit that is 2.5 feet (0.8 n) ébcve the T Cross bed., The bivalves appear

t0 be concentrated in thin (less than 4 inches, or 10 em} zones with

uncertain lateral extent. Three of these zones are readily apparent.

! Three rock samples were examined from this unit. There is an
apparent increase in grain size up-section (samples 974, 37B, and 97C,
respectively, Fig. 6). Organie carbon content for all three samples is
about 4 percent. The bivalves in this association are apparently

restricted to the upper portion of the unit where the sedinents are
coarger grained.

Of the three bivalves found, Ostirea sp. is most abundant, comprising
about 65 percent of the total number of bivalve specimens colleeted.

Corbula (Bicorbula) subtrigonalis comprises about 23 percent and

Corbicula berthoudi about 12 percent. All bivalves, espsecially Corbuls

and Corbicula, are weathered, heavily encrusted with selenite, and

commonly distorted,




Craassostrea-Corbicula-Corbula Associaiion
The upper tongue of the Cannonball is characterized by three

bivalves, Crassostrea glabra, Corbiculs berthoudi, and Corbula (Bicorbula)

subtrizonalis. BStrata of the upper tongue are exposed in the Little

Missouri Valley and oceur about 100 feet (30 m) above the lower tongue
(Van Alstine, 1974). Locality 96 contains this association. Strata
belonging to what is now called the Slope Formation (Clayton et al.,
1877) occur both above and below the zpproximately 33-foot-thick (10 =)
tongue,

This tongue is distinguished by large numbers of ocysters, found in
the lower part of the unit, that form both pods (Fig. 10) and discontinuous
beds {Fig. 11) that vary in thickness from less than 4 inches to 1.3 feet
(0.1 to 0.4 m). \Some of the oyster peds cccur directly above a coal bed
that marks the.confact with the underlying Slope strata. These pods
are commonly overlain by oyster beds and are separated from them by a

3 varying thickness of mudstone. The cysters appear to be of one species,

Crassostrea glabra. The shells in these pods and beds are poorly

preserved {in addition to being naturally distorted) and are hard to
extract without fragmenting them. The concentration of the shells is
high. For example, in & one sguare nmeter area, 196 single shells were
counted. (Appendix II gzives additional counts.)

Found in assceiation with Crassostrea clabra are ihe bivalves

Corbicula berthoudi and Corbula (Bicorbula) subtriconalis. However,

these latter species occur about 1.5 to 3.0 feet (0.5 to 0.9 m) above
the oyster pods and beds. Corbicula and Corbula do not form pods and
beds, but instead, are found scattered, with much lowsr concentration,

on the surface of the mudstone, This mudstone is somewhat lithclogically

C
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Fig. 10. An oyster pod in the upper Cannonball tongue in
southwestern North Dakota (loecality 96). All
oysters belong to 2 single species, Jrassosires

glabra.

& e

Fig. 11. Discontinuous oyster beds in the upper Cannonball
tongue in southwestern Norih Dakota (loecality 96).
All oystsrs belong %o a single species, Crassosirea

glacra.
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different than that enclosing Crassestrea. The most striking difference
igs the organic carbon content. Whereas the Cragsostrea beds (sapple 964)
have an extremely high organic carbon conient (8.6 percent);, the nudsione

containing Corbicula and Corbula (sample 96C) has only 2 to 3 percent.

Corbiculs appears to be more abundant than Corbula, comprising
72 percent of the specimens compared with 28 percent for Gorbula.

é Many of these bivalves are distorted and covered with selenite.

These two bivalves, in addition to Crassostirea, exclusively comprise
this association. Microfossils appear to be lacking from these strata.
Van Alstine (1974) reported the lack of microfossils in the upper tongue
but did cite (p. 21) the occurrence of Ophiomorpha. This trace fossil

occurs at locality 95 in Cannonball sandstone about 2 feet (1 m) above

a Crasscstres bed.

Isognonon ﬁs&oai@%ioﬁ

Although a single bivalve species doss not constitute an sssociation,
a separate agsociation is srected for Isognomen lloydi for several
reasons. Cfirsit, where ISOgmémen is present, no other macrofossils have
been found, and secondly, it is found in relatively high concentration.
Furthermore, it appears to be geographiecally restricted, for it is
found at only twe localities in scuthern Grant County along the Cannon-
ball River. It iz, therefore, plausible thai the occurrence of this
bivalve is environmentally specific.

At locality 65, Isognomon occurs in a muddy sandstone (sample 65,
Fig. 3} with a moderately high organic carbon content {Fig. &} of about
1 percent. The shells are concentrated in twe zones {Fig, 12}, sach

less than 4 inches {10 cm)} thick, with uncertain lateral extent.

s
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Fig. 12. Poorly-preserved -specimens of Isognomon lloydi
concentrated primarily in two zones in muddy
gandstone, and showing the underlying
thinly~bedded sandstone and mudstone
(locality 65).

Fig. 13, Piecesg of the hinge belonging to Isogznomon lloydi.
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Concentration is moderately high (3.4 specimens per linear meter
average; Appendix II). The Isognomon shells were deteriorated, and
any attempt to extract them from the sediment only resulted in crumbling.
The best that could be ceollected were several hinges. The characteristie

hinge of Isognomon (Fig, 13) is straight and traversed by a series of

parallel, vertiecal grooves.

Glyeymerig-Arctica Associaticn

The bivalves included in the Glycymeris-Arctica association were

found primarily at sandsione exposures in northeastern Morton County
and bivalves found at locality 7 exemplify this association. The species

that distinguishes this association is Jlyeymerisg subimbricata. As

reflected in Fig. 9 (cluster 1), this bivalve occurs at localities
with sandstone lithology, and frem field observations, this species
appears Lo be restricted to fine-grained sandstone that is
moderately-sorted to well-sorted and has low organic carben content
{for example, samples 7A and 78, Figs. 3 and 6).

Although bivalve diversity is moderately low (generally less than
five bivalve species), a variety of other bivalves and macrofossils may

occur with Glycymeris. The most common is Arciice ovata. This bivalve

may, in fact, dominate the association in some places. However, the
prevalence of Arciica in the Cannonball Formation rules it out as a
diagnostic member cof this asscciation. Cther bivalves that commonly

occur within this associstion include Dosiniopsis deweyi and Nucula

plancomarginata, and less commenly, Caestoecorbula sinisirirostella and

Cucul aea solenenais. OCther macerofessils include gastropods, ehark

teath, driftwoeod (common&y bored by teredinid bivalves}, and

Ornhiomorcha.
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:ﬁ From the fossils collected at each of the sampled outcrops,
Glyeymeris averages 23 percent, Arctica 19 percent, Dosiniopsis
¥ 17 percent, and Nucula 4 percent. Gasiropods average 24 percent. The
condition of these {oseils varies from well-preserved, complete speciw

mens to fragments.

| Crassatella-Nucula Agsociation

The Crassatella-Nucula association is found primsrily at exposures
in the Cannonball type arsa (¥ig. 2) along the Cannonball River, Graﬁt
County, North Daskota, and is exemplified at localities 75, 76 and 77.
Although typieally found in sandstone, both the mud and crzanie carbon
content of the snclosing rock {samples 75, 76A, 76B, and 77, Figs. 3 and
6} are generally higher than they are in the rock containing the

Glyeymeris-Arctica association.

The presence of Craggatella evansi distinguishes this association

from the Glycymeris-Arctica association. In fact, in oulterops whare

Cragsatella is present, Glycymeris is rarely found. However, some of

the associated bivalves and macrofossils commonly occur in both assoecia-

1 ticns. For exawple, Arctics ovata and Dosiniopgis deweyl are quite
common in both associations. Other hivalves and macrofossils, although
in both assoclations, appsar to display greater affinity for one of

the associations. Hucula planomérsinata, for example, may be found in

the Glyeymeris-Arctica association but occurs more commonly in the

Crassatella~Nucula asscciation.

Bivalve diversity in this association is high (zenerally seven
to ten bivalve species). Some of the other bivalves found with

Crassatella and Nucula include Caestocorbula sinistrirostells, Codakis?

(Clajbornites) cedrensis, Perinloma sp., and Nuculana mansfieldi. From




58

the bivalves collected at each of the sampled outcrops containing
this association, Urassatells averages 22 percent, Nucula 13 percent,
L Aretiea 13 perzent, Dosinjopsis 21 pércent, Caestocorbula 6 percent, and

other bivalve genera 25 percent.

The Crassatella-Nucula assgciation alse has high diversity of

e -

other macrofossils. Both gastropods and corals are prevalent; in fact,
gastropods, especially those of the family Aporrhaidae, dominate this
association. Of the total fossils collected at each of the sampled
outerops containing this association, these gastropods average 78
percent, Gastropods from other families average 9 percent, bivalves

10 percent, and other macrofossils 3 percent. Trace fosslls were noted
at these outcrops and they appear to be primerily burrows. These fossils

generally have an obligque to horizontal orientation %o the bedding planes.

Modified Crassatella-Nucula Agsociation

The modified Crassatella-Nucula association is erected to serve

as a subeasscciation of the Crassatella-Nuculas association for the

following reasons:

i Many Cannonball localities contain bivalves commonly found in the

Crassatella~Nucula association such as Arctica, Crassatella, Dosirniopsis,

Nucula, Nuculana, and gastropods. However, abt these localities the

faunas lack the high diversity of the veritable (ragsatella-Nucula

association as found in the muddy sandsione along the Cannonball Hiver,
The bivalve Glycymeris, however, 1s lacking and neither do the fossils
found at these localitises occur in well-sorted sandstone as do the

fossils of the Glveymeris-Arctica assceiation. Therefore, these

‘ fossils appear to have more relationship to the Crassatella-Nucula

association than the Glyeymeris-Arctica association.
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The medified Crassatella-Hucula association, in summary, differs

from the veritable association in having lower divergity of 1its con-

tained fauna (commonly less than five bivalve species), considerably

fewer aporrhaid gastropods, and more variable lithology {(ranging fron
poorly-soerted sandstone to mudstone}. Localities where either the

veritable Crassatella-Hucula or its modified sub-association occur

appear te include many of those comprising clusters 2, 3, 4, and
5 (Fig. 9).
It was noted in the field {and apparent in Fig. 9), that the

loerlities where this modified form of the Crasgsatella-Nucula associa-

tion seems to occur, have both variable lithology and variable contained
faunas. For example, at locality 16, cemmon corals along with

gastropods and the bivalve Arciicas ovata are found in a sandy mudstone.

In contrast, in some places such as locality 81, deposit-feeding
bivalves such as Huculana and gastropods {primarily aporrhaids) occur
in mudstone. This type of cccurrence is common in the mudstone over-
lying the sandstone containing the highly diverse veritable

Cragsatella-Nucula association.

Cphiomorpha-Crab-Driftwood-Chark Teeth Association

The association of Ovhiomorpha, crabs, driftwood, and'shark,teeth
was noted in the field and it also forms a distinet cluster (Fig. 9,
cluster 6} on the Q-mode dendrogram. Therefore, it warrants a separate
degipnation., However, as it dees not contain abundant bivalves, it was
not. sampled quantitatively in the field.

Ovhiomorpha, crabs, driftwood, and shark teeth commonly, but not

exclusively, occur together. They are usually asscciated in well-sorted

o |
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sandstone. Generally, where the trace fossil Ophiomorpha is present,
there are few, if any, molluscs in association.

Crabs ars found well preserved in phosphatic sandstone concretions.
Holland snd Cvancara (1958) described two genera collected in Morton
and Burleigh Counties. They reported (p. 498) abundant driftwood and
shark teeth along with a few small molluscs in association with the crabs.

Driftwood, commonly bored by teredinid bivalves, and shark teeth
are common in the Cannonball and occur in both mudstone and sandstone.
However, they occur more freguently in sandstone.

At some localities there are several gpecies of hivalves present;
however, even at these places, overall éiversiﬁy remains laow. Of the

bivalves, Arciica ovata is found most commonly, although other forms

such as Dosiniopsis deweyi, Nucula plancwmarsginata, and Crassatells evansi

may occeur,




PALEQECCLOGY

General

Trophic analysis of marine deposit-feeding and suspension-feeding
macroinvertebrates is commonly used as an aid to interpret depositional
environmente. This practice is based on the premise that the distribu-
tion of these invertebrates is largely dependent upon food resources and
turbidity. Becauge these factors are controiled primarily by substratum
character and water movement, macroinvertebrate distribution can reflect
sedimentary environments. Turpaeva (1953) first proposed the idea of
feeding or trophic groupings on the basis of Holocene benthiec macro-
invertebrates. A trophiec group is defined by listing species present in
an environment #nd determining their trophic niches. Groups generslly
have & nucleus composed of only a few specles that numerically dominate
{greater than 80 percent; the group., In fossil benthic shelly faunas,
this dominance enhances the potential of specimens of the nucleus species
10 be preserved.

The marine bentheos is dominated by deposit-feeding and
suspension-feeding trophic types, and a itrophic group nucleus may
be composed of either one or toth of these types. Because suspension
feeders filﬁer the overlying water column, and because high turbidity
will clog filtering mechanisms, they generally feed most elfectively
in relatively clear water. Conversely, deposlt fesders cbitain their
food from the sediment. This form of feeding commonly contributes to

sediment reworking and increased turbidity. Deposit feeders are

61
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physiologically equipped with special adaptations to avoid clogging
of feeding and respiratory structures. They can, therefore, exist
and often thrive in environments of high turbidity commonly associated
with fine-grained sediments.

A trophic group nucleus with a paucilty of deposit feeders generally
indicates an iaadequata’fécﬁ source in the sediment, whereas a dominance
of deposit feeders suggéstis an environment not conducive to suspension
feeders, probably due teo sediment instability and high turbidity
{(Rhoads and Young, 1970). Many trophic groups have a dominance of mixed
trophic types (both deposit feeders and suspension feeders}, indicative
of a physically stable bobttom. A reworked mud surface is effective
in limiting suspension feeders only when the surface becomes mobile
{Rhoads znd Young, 197C).

The trophic group model has been applied to palececclogy by many
workers (for example, Rhoads, Speden, and Waage, 1972; Walker, 1972;
Thayer, 1974; and Stanton and Dodd, 1976). The usefulness of this
technique cannol be argued; however, its limitations in paleoecology
must be considered. TFor example, inferring feeding habits for ancient
organisms is commonly proné to srror. Modern anslogs are not always
accurate and feeding habits may not have been constant through time.

In addition, functional morphology may net be reliable (Scott, 1978).
To further compound the problem of paleocecological interpretation,
Lawrence (1968} determined that up to 75 percent of the organisms
present in an environment are unlikely to be feoasilized. Selective
preservation and the resulting relétive rank abundance, affected by
shell durability, predation, rates of reproduction and growth, the
amount and duratign of transport, and sedimentation rates, can lead to

erronesys conclusions.

_———-———
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When apolying the trophic group model to the Camnonball bivalve
asscciations, these problems must be considered; however, their severity
\ ig lessened for the following reasons: 1) Functional morphology is
fairly reliable for bivalves {(Scott, 1978); 2) most of the Cannonball
genera are extant, and the use of modern analogs to determine feeding
habitse is probably fairly accurate; and 3) although selective preserva-
tion has certainly been a factor in fauna preservation, transportation
appears to have been minimal as judged from evidence at most Cannonball
outerops; and where J,t: has been an influencing factor, it c&fz usually
be recognized.

Functignal Morphology and Palsoecclogy
of Dominant Canmonball Bivalves

General

The fellowlng discussion examines in detail the funetional
morphology and palececclogy of the 11 most commorn Cannonball bivalve
sgeaiés, The modern~day niches of extant genera are also presented.
The terms used in this discussion Lo describe the worphological
features of the bivalves are in accordance with the usage of Stanley
; (1970, p. 116) and are summarized in Table 2.

The value of the characters defined in Table 2, in addition to
the presence or absence of other morphological features, is presented

in Table 3 for the 20 Cannonball bivalves used in this study. The

autecology for each species is presented in Table 4.




TABLE 2

DESCRIPTIVE TERMS USED TO DESCRIBE WEASURED BIVALVE
MORPHOLOGICAL CHARACTERS (from Stanley, 1970, p. 116).

Character Yalue Descriptive Term

Maximum Length
cm {inches)

< 1.5 {0.6) Very small
1.6 - 3.5 {0.7 -*1.3) Small
3.6 « 5.0 {1.4 - 1.9) Moderately small
5.1 - 7.0 (2.0 -~ 2.7) Moderately large
7.1 =10.2 (2.8 - 4.0) Large
>16.0 {(4.9) Very large
%g?é%% (Elongation)
119 Equant
1.20 - 1.39 ) Moderately elongate
1.40 « 1.59 Elongate
>1.60 Very elongate
é-»——g-—;;t?t (Obesity)
£ 1.29 Strongly inflated
1.30 -~ 1.49 Inflated
1.50 - 1.69 Moderately inflated
.70 - 1.99 Compressed

2,00 ‘ Very compressed




TABLE 3

MORPHOLOG [CAL CHARACTERTSTICS OF CANNONBALL BIVALVES

Species M?;£c§?2§§h éiﬂ H/W Pziiizl Fquivalved ﬁe§§§§i§Z%ion ngii Sigigzal ngzgaﬁt

Nucula plancmarginate 1.0/2,5 1.2 1.6 X I
Nuculana evansi 0.4/1.0° 1.7 1.4 X B
Nuculana mansfieldi 0.6/1.6 1.9 1.7 X X E
Solemya bilix 0.8/2.6 2.6 1.5 X ¥ I
Cuculiaea solenengis L9430 LR 1. X X E
Glveymeris subimbricata 2,1/5.3 1.1 1.3 X E
Pterie linguaeformis 0.8/1,9 1.5 1.8 E o
Isognomon 1llovdi - - - i? I -
Cragsostrea glabra O 5.5/14.0 0 - - I
Ogtrea sp, 0.5/1.2 - - I
Codukia? (Claibornites) cedrensis 1.5/3.7 1.0 2.7 X E
Cragsatella evapsi : 1.8/4.6 1.1 1.4 X X I
Arctica ovata 3.3/8.3 1.2 1.8 X E
Corbicule berthoudi 3.0/7.1 - - X E
Dosinfopsis deweyi 1.5/3.9 1.1 1.7 X . E
Corbula (Bicorbula) subtrigonalis 1.4/3.6 - - X I
Corbula mactriformis 0.6/1.5 1.3 1.8 X I
Caestocorbula ginistrirostella 0.4/1.0 1.5 1.4 X I

‘ Panopea cf. E. simulatrix 1.4/3.5 1.9 2.4 X B?

B Periplowa sp. 1.3/3.4 1.4 2.3 % I
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TABLE 4
AUTECOLOGY OF CANMONBALL BIVALVES

Survival of Cannonball Iife Ponition Fode of Preferred

Buculs planomsrpinats

Rucuisna svansi
Rucuiana manafieldl

Solemya bBilix
Gusullaes solenenala

Clycymeris subimbricata

Pteris linsuseformis

Isopnemon lloydl
Crassgatrea glabra

Ostrea sp.
Codakia®? (Cleiborniten) cadrensgis
Crassatella svanail

Arctica ovats

Corbiecula berthoudi

Dosiniopsis deveyl

Corbula {Bicorbula) subtrigonalils

Corbula maciriforsis

Gaestocorbuls sinistrirostelia

Panopes cf. P. alavlatrix
Periploms sp.

Canera Matribution Infaunal Epifaunal Feading Selinity Subsiratup

L Y Shallow | K¥ g - H5
L Shallow I NM H3 - 8H
L U Shallow K KM 8 .- ¥3
L R Lisap 7 NN ?
L ) Shellow &P NM 5
L G Shellow or on surface i1 WM 8
L ] Byssaliy.att.,  SP NN 1
L R Byssally-att, 5P H M3
L G Conented Sp H M
L G Comented sp H ]
L U Desp 5p M M3
E " Shallow SP NH - HS
L ¢ Shellow 3P WM - H3
L G Shallow 14 L | L
E g Desp Sp NH 5 - K8
L G Shaliow SP L | M
L R Shallow 8P 7 7
E c Shallow 5P NM 3 - K3
L R Desyp 5p M 7
L R Deap 5P M L3

Yy L O1E A R AT T A IR O T e AP e G o A S B am o e o .t S e 0 e I

-

Keys L = genua living ¢ = comson to the Cannonball {10 or more loeslitias) Shellow = lesa then 2 - 3 om
E = genun extinct U = uncemmoen to the Gannonb?ll (5 ~ 10 lqca.litiaa)} Deep = greater then 2 « 3 om
o im e ms s mnes - R = rare to the Cannonball {leas than 5 localities i ittt
5 i send G = geographically restricted to southwestern D deposit feeder
M8 = puddy sand 3P = suspension feeder
North Dakota
SM = sandy mud e VO,
M = mud
% = nobk cheerved NH « normal marine

H = hyposaline
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Tenosit Feeders

The protobranchs, the oldest‘group of bivalves, have paired
flexible extensions of the palps that preject from the shell and
collect food particles directly from the sediment. Most deposit-fesding
bivalves migrate while feeding by means of the fool projecting from
the antero-ventral part of the shell. Most are rapid burrowers with

thin, streamlined shells,

Nucula planomsrginata

Nucula plapomarginata is found in a variety of sediment types

but is moet common in sand with a relatively high percentage of silt
and clay. It is a small (wmaximum length of approximately 1.0 inch
er 2.5 em), and thin-shelled, deposit feeder. The shell is typical
of the genus Nucula in that it is moderately elongated and moderately
inflated. The p%oneuncad anterior expansion of the shell is indicative
of a large foot that enables Nucula to be a reasonably rapid burrower
regardless of the inflated shell {Stanley, 197C, p. 85).

Species belonging to the genus Rucula are found today at many
depths and in many envircnments; however, most ars restricted to
substrata that are relatively rich in organic matter, few live in

shifting sands, and the majority are found in cool water.

Suspension Feeders

By far the majority of bilvalve species are suspension feeders.
Suspension feeders may or may nolt have siphons, but all forms feed
directly from the water although the level {distance above the
sediment—w&terAinterface) varies. Suspension feeders can be broadly

classified as either epifaunal suspension feeders, infaunal nonsiphonate
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suspension feeders, infaunal sipghonate feeders, or infaunal mucous

tube feeders (Stanley, 1968, p. 214-229).

Glycymeris subimbricata

Glycymeris sgubimbricata is found in well-sorted, fine-grained

sandstone. This taxodont is characterized by a thick, subeircular
shell with radial ribg and a erenulate margin. It is nmoderately
large (maximum length of 2.1 inches or 5.3 cm), and is strongly
inflated.

Living glycymerids occur almost exclusively in high-energy

P

snvironments. Some are shallow, infaunal burrowers znd others appear
to live freely, lying horizeontally on the surface while being moved
around by currents. They are not deep walter forms but neither do they
tolerate intertidal conditions well (Keen, 1958, p. 41). Most live
in shallow to intermediate depths (6 to 650 feet or 2 to 200 m), and
no glycymerids are known to inhabit either brackish water or deep
oceans {Thomas, 1975, p. 221-223).

Glycymerids are opportunistic (in the sense of Levinton, 1970).
They invade high stress environments that are generally inhospitable
to many macroinvertebrates and, as a result, their occurrence is
common in communities with low species diversity.

Glycymerids first appeared near the beginning of the Cretaceous,
and have since retained the simple sheli form {Thomas, 1975, p. 220),
Based on associated lithology and faunas, Thomas (1975, p. 223)
concluded that glycymerids throughout the Cenozoic have prospered in
current-swept marine environments. Found in well-sorted, fine-grained
sandstone and in association with only 3 few other macroinvertebrates,

Glycymeris subimbricata appears to have been no exception.




69

Aretics ovata

Arctica ovata, the most common bivalve in the Canneonball Formation,

is found in lithologies ranging from well-sorted sandstone to sand-

stone with a high percentage of silt and clay. It is large {(maximum
length of 3.3 inches or 8.3 cm}, thick-shelled, moderately elongate,
and slightly compressed. The lack of a pallial sinus indicates that

Arctica ovata was a shallow burrower.

Arctica islandica is the only living arctiecid. This specias has

a large foot and the mantle lobes fuse to form two stout siphons. It
is a shallow burrower and lives a fairly sessile life. A. islandica is
genarally found in sandy to sandy-wuddy bottoms in shallow subtidal
environments. Abbott (1974, p. 518) reported A. islandica from depths
of 30 to 480 feet (9 to 146 m). Today this species is restricted to

eonld seas and is considered a North American Boreal Faunal Province form.

Isognomon lloydi

Isognomon llovdi occurs in sandstone with & high percentage of

#ilt and elay. Shell measurements were not obtainable because of poor
preservation. However, the presence of an auricle and byssal notch
indicates that I. lloydi was an epifaunal, byssally-attached form.

Two other morphelogical characters are discernible: The shell is thick,
and from the collected fragments, it also appears that the species was
guite large.

Mozt modern species of Ispgnomon are gregarious and all are
apparently restricted to the shallow-water subtidal or to the inter-
tidal environments. These forms are either byssate, free-swinging
bivalves, or byssate fissure dwellers. ?helfreeuswinging species

attach to raised surfacez and are thus often subject to strong waves

15
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and currents. For example, Isognomon alatus is a large form with a

thick, costate shell That attaches toc the prop rocts of mangroves
{Kauffman, 1969, p. N1i5). The byssally-attached inhabitants of
fissures are afforded protection from strong wave and current action.

Iscgnomon radiasta is a thin-shelled, smeooth form that commonly lives

in protected environments such as beneath rocks or within branching
corals (Stanley, 1970, p. 136),

Kauffman (1969, p. N151-152) listed morphologleal criteria to
recognize Isognomon specles inhabiting the fissure dweller niche versus
free~-swinging forms on the basie of shell outline, auricle, and byssal
notech. The poor preservation of I. lloyd]l makes it difficuli to
determine shell shape, or with any accuracy, the size and shape of
the auricle and byssel noteh, The thickmess of the shell and its large
gize could possibly be an adaptation to stressful conditions such as
waves and currents, fluctuating salinity, or both.

Modern forms diffar from ancient forwms in several respects. For
example, whereas modern species of Isognomon are generally found in
water of normal marine salinity, ancient forms have been &ssociatsd

with brackish waters. Isognomon maxillata, in thick accumulations in

the Miocene Choptank Formation of Maryland, has been interpreted
(Gernant, 1970, p. 50), based on faunal asscciations, to have thrived
in brackish water.

In addition, for unknown reasons, most modern IaognOmon species
are thin-shelled, whereas fossil forms commonly have thick shells.
Further, Davies {1975, p. 82) reported that modern species are
restricted to warm waters whereas their predecessors were apparently

widely distributed without climatic restriction.
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Cragsogtrea glabra and Qstrea sp.

The 1ife habits of the oysters have been studied extensively
and are well documented (Stenzel, 1971, p. Ni015-NiO28 gzave an
excellent synopsis) and will, therefore, not be examined in detail
rere. Qysters are sedentary bivalves that lack a foot and have thus
adapted to a life permanently cemented to the substratum. As a result,
most fossil forms have been preserved in situ, simplifying ecologieal
interpretation.

Cragsostrea glabra occurs in lenses and pods. The shells are

commonly cemented together indicating that the oysters formed banks
or reefs, using the shells of other oysters, dead or alive, ag a place
of attachment. The shell, forced tov grow in a restricted space, has

an irregular, often contorted shape. Crassostres glsbra, as in many

species of Crasgostrea, has a very large (maximum length of 5.5 inches
or 14.0 em), thick and heavy shell.
In contrast, Ostreaz sp. is very smell (hmaximum length of 0.5 inch

or 1.2 em}, and relatively thin-shelled. The shall cutline is orbicular

or teardrop-shaped and not often contorted. This suggests that the
oyster developed primarily in an unconfined space. This is further S
supported by its scattered, isolated distribution within the rock. The |
substratum this species used for attachment is unclesr. There is no
evidence of attachument on the shell. Alsgo perplexing is the small size
of this species. Van Alstine (1974, p. 33) sugzested that either
Ostrea sp, was a small, unattached adult form, or was a juvenile oyster
that never reached maturity perhaps due to introduction into a hostile |
environment. If the latter were true, there should be some evidence of

the mature form somewhere within the Camnonbail. The relatively largs

R
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‘number of individuals preserved suggests that this form was common:

and probably thrived in i%s environment. Furthermore, although the

shell is small for Ostreaz, the size indicates maturity beyond the
larval stage of fization. Before fixation, the larval shell is only
0.2%5 to 0.425 mm long (Stenzel, 1971, p. N1007). This presents a
perplexing problem because if a larval shell does ﬁot becone attached,
it generally perishes. Stenzel (1971, p. N1012) listed four extinct
oyater specles that apparently survived and matured lying loose on
the sea bottom. However, this occcurrence is rare and unheard of in
modern forms, Further, none of the four oysters was of the genus
Oatrea. It therefore appears that Ostrea sp. was either one of these
rare exceptions, or more likely, the form did attach to some type of
substratun fthcugh not to other shells) and the attachment area was
obscured during preservation. Stenzel (1971, p. N995) stated that
unless preservation is extremely good, the attachment area is commonly

undeterminable. It is possible this oyster attached to unpreserved

objects such as azn alga or some other type of agquatic vegetation or

some soft-bodied animal.

Crassatella - Dosiniopsis -~ Caestocorbula

These three bivalves are relatively common in the Cannonball; é?;
howsver, niche reconstruction is hindered because all three gensra
are extinct. PFach of these bivalves is found in sandstone with variable
amounts of silt and clay.

Crassatella evansi is moderately small (maximum length of 1.8

inches or 4.6 cm), and has a relatively thick, heavy shell that is

trincated posteriorly. ts lack of a pallial sinus suggests that it
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was either nonsiphonate or possessed short siphons. In either case,

this morphological characteristic, along with the equant, inflated

form, requires that, if C. evansi wae an infaunal form, it was a very
shallow burrower. Stanley (1970, p. 75) showed that bivalves possessing
truncated p&sterio; margins commonly lie just below the substratunm

) surface so that the posterior truncation varallels the sediment surface.

This niche is suggested for Crassatells evansi.

In contrast, Dosiniopsis deweyi is moderately small (maximum
) length of 1.5 inches or 3.9 cm), and has a thin, smooth shell that is
gsubcircular and slightly compressed, It possesses a relatively deep
pallial sinug indicating that it had siphons.

The shell thickness, exterior ornamentation, and degree of

elongation of Dosiniopsis deweyi is similar to the modern bivalve

Dosinia elegans (2lso of the Veneridae) although this form is more

compreszed, D. elegans is reported (Stanley, 1970, p. 165-166) to
oecur in sand flats washed by strong tiaal currents bubt not exposed to
severe wave action, and recorded burrowing depths range from 1 to 4
inches (3 to 10 cm).

A direct comparison of these two forms may not be totally accurate
due %o the more compressed shape of Dosginia. However, based on all
other morphologieal characters, Dosinjopsis was most likely a deep

burrower. N

Caestogorbula sinigtrirostella is very small (maximum length

of epproximately 0.4 inch or 1.0 em), and has a thin, ineguivalved
shell that is elongate but inflated. The elongation is due %o a

prominent rostral or siphonal snout on the posterior extremity. A
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broad pallial sinus further suggests the animal was siphonate.
However, the shallowness of the pallial sinus suggests that the bivalve

probably did not burrow deeply.

Corbula - Corbicula

Corbula (Bicorbula) subtrigonalis and Corbicula berthoudi are

~common in the lower and upper Cannonball tengues. Their preservation,

however, is so peoor that no reliable morphological niche reconstiruction
can be attempted. Today, both geners exist in fresh, brackish, and
marine water (Cox et al.,, 1969), and thus they are poor palececological
indicators. Both forms may attach via byssal threads when young and
may or may not become infaunal with meturiily.

S8inclair (1971, p;‘l&} reported burrowing depths of up to 3 feet
(1 m) for the genus Corbicula. This genus is a hearty and adaptable

bivalve. The exotic, freshwater form, Corbilcula fluminea, was

apparently introduced to North America in the early 1900%'s and has

since spread to most river basins in Mid-America to the point where it
is causing damage to hydroinstallations (Sinclair, 1971, and McMahon,
1982, give synopses).

Corbula is also an adapltable form. It possesses very short
siphone and burrows shallowly. Stanley (1970, p. 189) noted that the o

species Corbula caribaea secretes byssal threads and attaches fo the i

substratun even after burrowing.

Corbuls mactriformls alsc occurs in the Camnonball, although it

is not common nor found in association with Corbule (Bicorbula)

subtrigonalis. This species is more commonly associated with Tertiary

freshwater sediments in Horth Dakota, e.g., the Bullion Creek Formation

(Bickel, 1973).

e




PALEOENVIRONMENTS OF THE CANNONBALL FORMATION BASED
ON BIVALVE ABSOCIATIONS

Gstrea-COrbu;$~COrbicuia Association

j; The Ostrea-Corbula-Corbicula associstion (Fig. 14) ceccurs in
the lower Cannonball tongue. The enclosing ssdimentary rocks represent,
\ as far as is known, the initial influx of the Cannonball Sea into
the extreme western part of Norih Dakota, Where exposed, the tongue
overlies the T Cross lignite, a laterally extensive lignite that
supposedly corresponds-to the Giannonatii bed of northwsstern South
Dakota (Hares, 1928, p. 47). Flores {1981, p. 187) proposed that thick,
laterally extensive coal beds form in peorly drained backswamps
associated with ébandoneé meander beds of channels. This type of
swampy environment became influenced byhmarine conditions when the
Cannonball Sea transgressed westward,

The sxceedingly fine grair size and high organic carbon content

of the rocks enclosing the Ostrea-Corbula-Corbicula association

indicate that deposition took place in a low-energy envircnment, The -«

reported (Van Alstine, 1974} occurrence of the agglutinated foramini- i

ferids Trochamming and ?Haplophragmoides indicates a low-salinity
environment, for Greiner (1970, p. 83) reported that agglutinated ‘?
foraminiferids predominate in such environments. Moreover, Phlege%

{1?65, p- 280} reported Trochamming as an important element of the

marine marsh faunz in the northern Gulf of Mexico. Ustrea sp. alsc

indicates a low-salinity environment. {sirea is considered polyhaline

to suhaline {Stenzel, 1971, p. N1039}; however, most oysters succeed

75
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Fig. 1l4. Exterior view of bivalves comprising the Ostrea-
Corbula-Corbicula asscciation including
Ostrea sp. (A}, Corbula (Bicorbula} subtrigonalis (B),

and Corbicula berthoudi (C). g

Fig. 15. Interior view of bivalves comprising the
Crassogtrea-Corbicula-Corbula association
including Crassostrea glabra (4), Corbicula
berthoudi (B), and Corbula (Bicorbula)

subtrigonalis (C).
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in lower salinity environments where predators cannct survive. The

agsociated bivalves, Corbula and Corkicula, sre not useful palecen-

virconmental indicators because of their cccurrence in many environments.
Low-salinity, low-energy environments are found primarily in
egtuaries and lagoons. Variations in the influx of freshwater from
rivers ceommonly result in séiinity fluctuations, and faunal mass
mortalities are not uncommon. Perhaps ﬁhes@ncoaéitions account for
the fossiliferous zopnes within the lower tongue. Each gone is separated
by nonfossiliferous rocks that may represent a period when water condi-
tions were not conducive to life because of a drastic salinity change,
an overwhelming increase in sediment supply, or perhaps a severe

seasonal femperature change.

This assoclation, and associated strata, is overlain by mudstone
that contains a freshwater fauna {(Van Alstine, 1974). After the

regression of the brackish Cannonball water, nonmarine deposition

apparently resumed.

Crassostrea~Corbicula-Corbula Association

The Crassostrea-Corbicula-Corbula asscciation (Fig. 15) is found
in the upper Cannonball tongue. The sedimentary rocks containing this

agsociation and the Cstrea-Corbula-Corbicula association are separaied

by & nonmarine sedimentary section approximately 100 feet {30 m) thick.
However, it is apparent from the fauna that, when the Cannonball Sea
again transgressed this area, the resulting environment was similar

to that represented by the Jstrea-Corbula-Corbicula association in the

lower tongue. The upper tongue also commonly overllies a lignite bed

and the mudstone lithology and high organic-carbon content resemble
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that of the lower tongue. The low-diversity fauna, again, suggests
brackish conditions.
The upper tongue is characterized by discontinuous lateral beds

and pode of the oyster Crassostrea glabra (Figs, 10 and 11) representing

the existence of oyster reefs and patches during deposition. According
to Stenzel (1971, p. N1039), nearly all oyster reefs develop in
brackish water assvciated with lagoons, He further reported (p. KL038)
that Crassgostrea appears to include the most eurvhaline oysters and
they will generally tolerate lower salinities than those belonging

to the genus Ostrea. Herein may be the reascn for the abundance of
Crassostrea in the upper tongue and its absence in the lower tongue.
Parker (1960, p. 315} reported that in the subhumid zone of the Gulf of
Mexico, Dstres may completely replace (rassostresa during arougb@s

when salinity increases. Vam Alstine (1974, p. 31} suggested that the
upper tongue possibly represents an environment of lower salinity

than that of ihe lower tongue. He further $ugge&ted.that deposition

of the upper iongue btook place closer to the paleostrandline than 4id
the deposition of the lower tongue.

The pods and beds represent an in situ oyster community. No other
macrofessils were found in the pods and beds except Crassosirea. There
is not even any evidence of oyster-boring organisms that commonly
plague cyster environments. This is unusual, especialily when the
Canncnball oysters are compared to oyster assemblages in the Fox Hills
Formation in North Dakota. There, numerous organisms, including

voring sponges and bryozoans, worms, gastropods, chordates, and other

bivalves have been reperted (Palubniak, 1972, p. 67-68; Feldmann and

RSN
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Palubniak, 1975, p. 226) in association with Crassostrea. Van Alstine

(1974) also reported a lack of microfossils in the upper tongue.
An environment capable of supporting such proliific oyster reefl
development but inhospitable to other brackish forms is hard to imagine.

Two possibilities may account for this unusually low diversity. One,

perhaps only Crassogtrea was preserved. AL best, sven Crasscstrea
is poorly preserved and commonly crumbles to powder upon extraction.
Two, perhaps the environment was not conducive to other forms, i.e.,
the salinity was too low or too variable, or possibly the water
temperature was to0 cool,
The oyster heds are commonly overlain by an unfossiliferous
mudstone, The oysters may have been suffocated by this sedimenit or ;
perhaps a change in water salinity contributed to their death.
Approximately 1.5 to 3.0 feet (0.5 to 0.9 m) above the oyster
beds, a mudstone, slightly different texturally than that containing

Crassostrea, containz the bivalves Corbicula and Corbula. Based on

these two bivalves alone and the apparent lack of other forms, it is
hard to determine what environment their presence indicates. It does

suggest, however, that conditions changed to the extent that Crassostres .

no longer flourished. Their presence in the lower tongue in the

i ok R

Ogtrea~Corbula-Corbicula association and their apparent lack in the
freshwater rocks intervening between the twoe tongues indicates a

brackish-water preference.

Isoomomon Association
The cccurrence of Isognomon in the Cannonball is unigue in that
it is geographically restricted and no other macrofcossils have been

found in sssociation with it. Fenner (1983, personal copmunication}

"' : . o
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further reported 2 lack of foraminiferids in sample 65 containing
Isognomon. The reascns for this are not clear and can only be speculated
upen. Perhaps it is a result of selective preservation, or perhaps
Isognomon lived in a stressful environment not conducive te other forms.
Whatever the reason, there are other characterisiics that make its
ococurrence unusual.

When the measured sectlon in which Isognomon occurs is correlated
with other nearby measured sections, it appears to be stratigraphically
fairly low in the Cannonball, near the Cannonball-Ludlow contact (Fig. 18).
This seems unusual because fossils are said {Cvancara, 1976, p. 14)
to be relatively rare near the base or the fop of the Cannonball.

The gregaricus nature of individuals of Isognomon incresses the
likeliheod that large numbers of sgpecimens would be preserved together.
Such is the case-with the Cannonball forw. The shells of I. llovdi
are concentrated in two thin zones (Pig. 12). However, the deterio-
rated condition of the specimens makes it difficult to determine with
absclubte certainty if the shells were preserved in living position or
were transported by waves and currents and eventually deposited btogether
forming the fossiliferous zonses.

The Isognomen shells occur in sandstone with a high organic
carbon content and a high percentage of silt and clay. The rocks,
both above the upper Iscgnomon zone and below the lewer Isognomen
zone, are thinly bedded sandstone and mudstone. An environment with
alternating mud and sand deposition could cecur in several places.

For example, low-energy, lower shoreface sedimemtation such as this

results from the ihflﬂence of both nearshore and offshore

processes. However, Gvancara (1965, p. 269) noted that




Fig, 16. Cross-section of the Cannonball Formation across

%. Grant and Morton Counties, scuthwest-central North

B Dakota showing correlation and distribution of the
lithelogic units and the bivalve associations.

: Sections are arranged according to elevation. The

K section numbers refer to detailed lucality descrip-

tions given in Appendix IV.
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the thickness of the beds in this section is extremely variable and
irregular. This variability of bedding thickness would be more
suggestive of tidally-influenced deposits. 3Such deposits commonly
include interbedded sand and mud related to the alternation of periods
of current activity and slack water conditions.

Tidal flats are commonly asscciated with egtuaries and lagoons
and can occur behind barrier islands. They have a predominance of
either mud or sand depending on the sediment source. Sediments on a
tidal flat also vary because of energy distribution. Tidal f{lats car
be divided into intertidal and subtidal subenvircaments. In the inter- )
tidal zene, sediments near the low-water line are generally sand dus
to strong wave aciivity. The sand becomesg progressively muddier )
landward until mud deposition predominates on the intertidal flat near
the high-water line because of low current and wave activity. The
gubtidal subenvirecnment is characterized by channels, sand bars and
shoals. Tidal flats do not support highediversity faunas. Weimer et al.

{1981, p. 192) concluded the following:

Tidal flats are biologlcally rigorous environments because
of subjection to extremes in currents, water depth, salinity,
temperature, desiceation, erosien, and rapid deposition.
Indigenous organisms are generally well adapted {orms capable e
of dealing with the stresses of the environment. The number b
of species is therefore generally smwall, but the number of I
individuals is large.

Tt is proposed that the Isognomon lioydi localiiies represent a o
shallow-water environment associated with a tidal flat. This propossl o
is supported by the fellowing facts:

1} Isognomon is a shallow-water form and is not found today in

low~energy, lower shoreface environments asscciated with deeper water.
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2) The lack of other faunal forus (extremely low diversity) and

the apparent abundance of Isognomon suggests a high-stress environment,

3) The irregular bedding, variable thickness, and intercalation
of sandstone and mudstone suggest these rocks were deposited in a
rapidly-~changing, dynamice environment.

4) Glauconite appears to be lacking in the muddy sandstone
encloging Isognomon. This mineral is common i% Cannonball sandsécne,
especially where the sandstone ﬁés a high mud centent. Glauconite jis

balieved te form most commonly in water depihs ranging from 100 to

2,300 feet (30 to 700 m) and is rare in water less than 33 feet {10 m)
{Porrenga, 1967). The apparent scarecity of glauconite here further

supports the idsa of &haliow~waﬁ@r deposition.

; Glvevnerig-idretica Association

The low diversity and predominance of susp@nsion~fee§ing bivalves,
along with the good sorting and low content of organic carbon in the

enclosing rock, indicate that the Glycymeris-Arctica association existed

in an environment influenced by waves and currents. The presence of
Glycymeris, a form well adapted to life in high-energy conditions,
indicates that the water was agitated. An upper shoreface or foreshore
gnvironment of a painland beach or beach associated with a barrier
island is proposed.

Many of the fessils found in this association are broken, but
the fragments are primarily angular, not rounded, and the fragmenting
appears to be primarily the result of outerop weathering. FPostmortem
transport would be expected in a high~energy environment such as this,
and perhaps some has occurred. It appears somewhat paradoxiecal, however,
that there 1s so 1little evidence of transportation, i.e., no well-rounded

shells are present.
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fegardless of any postmortem transportation, Glycymeris is

closely associated with this environment, and it can he assumed with
reasonable assurance to have been an inhabitant. The common occurrence
of Arctica in association with Glycymeris suggests that it alsc
probably survived in these higher energy conditions. Doginiopsis has
been found in this association wikh its fragile shell fairly well
preserved and articulated (locality 7). This bivalve, a moderately
deep burrower and therefore sheltered {rom sitressful conditions, was
aleo a likely inhablitant.

Over 90 percent cof the bivalves found in this associaticn are
suspengion feeders and the trophic nucleus is composed of the above
three genersa. A 3chematic Interpretation of the autecology of
the preserved dominant invertebrates of thie association along with
photographs of Glycymeris, Arctica, and Doginiopsis, is shown in

Fig. 17.

crassatella-Nucula Association

Rocks bearing the Crassatella-Nucula association are well exposed

in the Camnonball type area along the Cannonball River in southern
Grant County (for example, localities 75, 76, and 77, Fig. 2). The
fossils are found primarily in a glauconitic, muddy sandstone unit
approximately 3 to 6 feet {1 to 2 m) thick. OCannonball outerops.
where this assoclation was found are somewhat unusual because the
sandstone-mudstone couplets (Fig. 4), so coomon at many Cannonball
outerops, are lacking. Instead, the fosglliferous zone is underlain
by either mudstone or thinly bedded)sanéstene and mudstone, and
overlain by a thick section of nmudstene., Correlation {Fig. 16} of

the measured sections in this area shows that the sandstone containing

H
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Fig. 17. Glyeymeris-Arctica Agscciation

a. Schematic interpretation of autecology of dominant
macroinvertebrates including the shallow-burrowers
Glycymeris subimbricata (G) and Arctica ovata (A),
the deep-burrower Dosiniopsis deweyi (D), along
with erabs (B), shark teeth {(T), aporrhaid gastro-
pods (P), and other gastropods (3).

S

specimen showing inflated shell shape,

b, Glyveymeris subimbricata, dorsal of deublew«valved f
‘
I

¢. Glycymeris subimbricata, exterior of right
valve showing radial rib ornamentation.

d. Glyeymeris subimbricata, interior of right
valve showing marginal denticulation.

;
. e. Dosiniopsis dewevi, dorsal exterior of incom-
i . plete double-valved specimen,

f. Dosiniopsis deweyi, interior of left valve
valve showing subcircular shape and pallial sinus.

g. Dosiniopsis deweyl, exterior of right valve
showing fine growth lines.

k. Arctica ovata, dorsal exterior of double-valved
specimen.

i. Arctica ovata, interior of left valve.

{Photographs of bivalves courtesy of Dr. A. M. Cvancara.)
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the Crassatella-Nucula association occurs in the lower middle part

of the Cannonball section.

Fossil preservation at these outcrops is very good. Many bivalves

are articulated and fossil specimens are rarely broken (even the

delicate wings of the aporrhaid gastropods are commonly intact)
suggesting postmortem transportation was minimal.

Although the Crassatella-Nucula association characteristically

has high bivalve species diversity (relative %o other Cannonball

bivalve associations), it is the faunal dominance of gastropods,

especially those of the Aporrhaidae (Fig. 18) that makes this associa- é

tion unique. These deposit-feeding gastropods may account for over

75 percent of the preserved fauna and comprise the trophic group nuclsus.

Although not nearly as abundant as the gastropeds, bivalves are

well represented in this association and componly include the deposit

feeder Nucula, the shallow-burrowing suspension feeders Cragsatella and

Arctica, and the deeper-~burrowing suspension feeders Dosiniopsgis and

Periploma. Solitary, cup-shaped corals are also common. A schematic

interpretation of the autecclogy of the preserved dominant inveriebrates

in this asseociation along with photographs of Cragsatella and Nucula,

is ghown in Fig. 19. ' |
The high percentage of deposit feeders, along with suspension

feeders, in the Crassatella-Nucula association indicates several

f sedimentary and environmental aspects. First, a- community deminated j
by deposit feeders implies an abundance of food in the sediment.
Secondly, turbidity would be expected to be relatively high as a

result of the ploughing action of these gastropods and protobranch

bivalves. However, turbidity was not so high as to exclude
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In gitu aporrhaid gastropods and a naticid gastropod
in muddy sandstone containing the Crassatella-
Nucula asscciation (locality 76).

{(Photograph taken by Dr. A. M, Cvancara)
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Pig. 19. Crassatella-Nucula Association

a. Autecology of dominant invertebrates Iincluding
the shallow-burrowing suspension feedsrs
Crassatella evansi (C) and Arctica ovata (&),
the deep-burrowing suspension feeder
Dosinionsis dewevi (D), the shallow-burrowing
deposit feeder Nucula planomarginata (N},
along with aporrhaid gastropods (F), other

gastropods {Q), scaphopods (8}, and corals (R}.

‘:% b. RKueulas planomarginata, left exterior showing
subovate shell and fine growth lines.

¢. Nuculs planomarginata, dorsal exterior of
ineomplete left valve.

d, Nucula plancmarginata, interior of incomplete
left valve showing dentiticon and musele sears,

#, Crasgsatella evahs&, dorsal exterior of Zouble-
valved specimen.

f. Crassatella evanai, exterior of right wvalve
showing truncated posterior margin and fine
growth lines.

i u“- g. GCraspatella evansi, interior of left valve
showing marginal denticulation.

| R {Pnotographs of bivalves courtesy of Dr. 4. M. Cvancara.)
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suspension~feeding bivalves and corals. Finally, the number of

shallow-burrcwing suspension feeders and corals occurring along with

deep-burrowing bivalves, indicates that the botiom must have been
goft but not extremely mobile and energy conditions fairly low. The
fauna also suggests that the salinity was normal marine.

Successful, highly diverse marine communities generally occur in
environments where the water is of “"normall salinity (35 ppm),
well-oxygenated, and rich in nutrients, and where sedimentation rate
and turbidity do not fluctuate. Conditions such as thege are most
likely present in shallow subtidal environments, poseibly the lower
shoreface to offshore, Proposal of this sebtting is supported by

the following:

1} The rocks enclosing the Crassatella-Nucula association have

a high percentage of both sand 2nd mud. Sedimentation in the lowser
shoreface is Influenced by both nearshore and offshore processes. As
a result, both sand and mud accumulate, and, if the sediment does not
underge extensive bioturbation, they are ccﬁmonly intercalated.

Extensive biocturbation has apparently destroyed or precluded the

existence of any lawminations in these rocks. i
2) The trace fossils (primarily burrows) that are found with this w

association generally have an obligue to horizontal orientation to

the bedding planes. This type of orientation is indicative of a preva- ’

lence of deposit feeders and is usually associated with low-energy o

environments such as the lower shoreface to offshore (Seilacher, 1%7).

3} The high diversity of the Crassatella-Nucula asscciation

suggests a stable, subtidal environmenit. In general, benthic-ghell

diversity is highest within the subtidal, normally saline enviromment
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and decrsases in the intertidal and estuarine environments of less
stable and brackish conditions (Boucot, 1981, p. 257).

4) The relatively high percentage of glauconite further indicates
& subtidal environment.

5) There is a lack of high-energy forms such as the bivalve
Glycymeris. Although burrows are common, Ophiomorpha is notably
wissing. Ophiomorpha is reported (DeWindt, 1974, p. 1138) to oeccur
in Yelean® sand and is abundant below mean tide level in the lower
foreshore and upper shoreface. The cccurrence of Dphiomorpha in the
"eleaner" Cannonball sandstone but 1ts lack in rocks containing the

Cragsatellia-Nucula association suggests that thsse latfer rocks were

depogited in sn environment that existed some distance seaward of the

foreshore and upper shoreface.

Modified Crassatella-Nucula Association

The variability of the fossil assemblagee and the enclosing
lithology at various localities suggests that the modified

Crassatelia-Nucula association represents more than ons environment,

The following environments are possibly represented by this association:
1) The muddy sandstone and sandy mudstone that commonly contain
a low«diversity fauna may represent a subtidal environment somewhat

similar to that of the Crassatella-Nucula association but which, for

unknown reascns, lacked the high diversity fauna. Perhaps the
environment was slightly different from that of the veritable

Crassatella-Nucula association and lacked the stability to support

& high-diversity communiiy. Or perhaps the community had higher

diversity but this diversity has been obscured in preservation.

3y
i
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2} The mudstone containing the low-diversity fauna composed

primarily of deposit feeders probably represents a subtidal environ-

ment not conducive to the existence of suspension feeders. The
mudstone lithology, along with the dominance of deposit feeders,
indicates a guiet, low-energy environment where the substratum was
probably too mebile and thus the turbidity too high for suspension

feeders. It may also have been a somewhal restricted or stagnant

environment, possibly oxygen~poor, sulphide-rich, or both. Deposit
feeders are capable of persevering in these inhospitable environments

whereas suspension feeders, more dependent upon well-circulated water

e

in order to obtain food, do not generally fare well. Sulfide
{generally in the form of marcasite) is common at many Cannonball

outerops, although it has not been determined if it is primary.

Ophiomorpha~Crab-Driftwood«Shark Teeth Association }
The association of Ophiomorpha and crabs suggests a nearshore
environment. Ophiomorpha {Fig. 20}, the supposed trace fossil of the ghost
shrimp Callianessa, is commonly reported (Weimer and Hoyt, 1964;
Howard, 1972; DeWindt, 1974) to occur in well-sorted sandstone
deposited in higher-energy environments {upper shoreface to foresgore}
agsociated with beaches. Likewise, crabs are nearshore inhabitants. ﬁ

Holland and Cvancara (1958} described and illustrated the crab »

Camarocarcinus {Fig. 21) and they further suggested {p. 499), based p
cn the excellent preservation, that the fossil crabs were buried by N
shifting sands while in their burrows. Thus, the crabvs apparently

lived in an environment where waves and currents affected the substratunm
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Fig. <1,

37

Ophiomorpha in well-sortsd sandstons {roadeut
exposure, TL154N-R78W-30¢cd, 0.5 pile or 0.8 knm
northwest of Verendrye, North Dakota).
(Photograph taken by Dr. A. M, Cvancara;

Orabs (Camarocarsinus arpnesoni Holland and

Cvancera} from the Cannonball Formation
coliected 5 miles (8 km) west and 1.1 miles
(1.8 km) south of Moffit, southern Burleigh
County, North Dakota.

(Pnotograph taken by Dr. A. M. Cvancara)
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and these conditions occasicnally {such as during s storm) redistributed
large volumes of nearshore sand.

It is proposed, based on the association of Ophiomorpha and crabs,
that sandstone in which the QOphiomorpha-Crab-Driftwood-Shark Tzeth
assoclation is found represent a nearshore environment in the vicinitby
of the strandline. This propeosal is supported by the common occcurrence
of both shark teeth and driftwood (Fig. 22) in association with
Ophiomorpha and c¢rabs. These forms would be expected to accumulate,

as they do today, along the strandline of the beach envircnment.

k
4
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e T4 Fig. 22. Tersdinid-bored driftwosd from the Cannonball
Cdod Formetion (locality unknown].

oy {Photograph taken by Dr. A. M. Cvancara)
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DISCUSSICH
( Stratigraphic Relationships .of Lithologic Units

and Bivalve Associations
On a local scale, the interrelationships between Cannonball
[ lithofacies are complex. For this reason, the Cannonball Formation
cannot easily be subdivided into well-defined litholeogic units. On
4 larger scale, however, major lithologic trends are apparent. The
most striking example of this in scuthwest-central North Dakota is
the lateral persistence of sandstone units as reflected by the Cannon-
ball topographic benches.
‘ The topographic benches are helpful in correlation, making
possible subdivision of the Cannonball Formation in southwest-central
North Dakota inte four major lithelogic units {iower, lower-middle,
upper-middle, and upper}. It is not proposed that the Cannonball
formally be subdivided into lithologic units, but their establish- '
zent is to aid in the interpretation of Cannonball stratigraphy. il
Subdividing the Cannonball into these units helps 1o explain the
distribution, both vertically and laterally, of the bivalve associa-
tiong. Conversely, knowledge of the distrioution of thess associations

helps interpretation of Cannonball history. .
gif

Lower Unit
"The lower unit consists of those rocks above the Cannonball-Ludlow

contaet but below the middle, bench~forming sandstone. The thickness

102
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of this unit is extremely variable, ranging from approximately 50 to
150 feet (15 to 46 m).

The Cannonbell-Ludlow contact is placed, when possible, above

the highest lignite or carbonaceous shale {(Cvancara, 1976, p. 10).

izt A——

The rocks above this.QSKtact are variable but commonly consist of
thinly-bedded, fine-grained sandstone intercalated with highly carbona-
y cecus mudstone.  The thickness of these thin units of sandstone and
] midstone varies from less than an inch to several feet but they can
generally be traced across the entire outerop. The sandstone units
) may exhibit small-scale cross-bedding (Fig. 23) and they commonly
contain plant material in the form of lignitized wood chips.
Lithologic variability inereases upsection from the
Camnmonball-Ludiow contact. In some areas, the lithology becomes
predominantly mudstona. In other areas, sand bodies of substantial
thickness cecur. Sandstone in these boedies may be 20 to 30 feet

(6 to 9 m) thick and may contain a well-indurated lenticular bed that

‘ forms a topographic bench. This lower bench was first noted by laird

s

and Mitchell (1942} in southern Morton County; however, it is commonly

e

indistinet and untraceable (Cvancara, 1980, p. 34).
j Although lower GCannonball deposits appear to be relatively barren E
of fossils, several exceptions occur. First, Iscgrnomon occurs in

the lower part of the section at localities 65 and 66 along the Cannon-

i ball River. BSecond, a few molluscs can be found in the thicker :§

sandstone and sandy mudstone. This is the case at locality 16 where

corals, gastropods, and the bivalve Arciica ovata occur. These forms

are interpreted to belong to the modified (rassatella-Nucula

Iil.IlIIIIIIIIIlIIIlllIIlIIllIlllllllIlIlllllIiIlnmlul--nuluu--mh---nu--- —
1
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Fig. <3, Smallegcale cross-bedding in muddy sandstone in the
lower Canncnball unit (locality 22).
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asageciation. In addition, bisturbation is sometimes apparent indicating

some type(s) of organism(s), probably soft-bodied forms such as annelids,

were present.
The lower unit of the Canncnball is well exposed near the base

of the ocutcrop at loecalities 7, 16, 22, and 65  The

- — s

variability of the textural and organic parameters of these rocks are

shown in Figs. 3 and & {samples 7C, 16A, 16B, and 65).

Lower-Middle Unit

The lower-middle unit includes the moderately-sorted to
well-sorted sandstone unit reprssented by the middle Cannonball bench.
The bench is held up by lenticular bodies of well-indurated sandstone
approximately 2 to 2.5 feet (0.6 to 0.8 m) thick that occurs within
poorly-consolidated sandstone 20 to 45 feet (6 to 14 m) thick {(Cvancara,
1980, p. 34).

Cvancara (1980, p. 34) has traced this bench for approximately
70 miles {113 km) from northeastern Morton and southwestern Burleigh
Counties to southwestern Grant County. In the Cannonball type area,
Tps. 132 ana 133 N., R 88 W,, the bench becomes largely indistinct
and appears to thin to a peorly-sorted sandstone several feet_(appraxim
mately 1 m) thick (for example, at localities 75, 76, 77, and 81). §

Overall, fossils, especlally molluses, are more abundant in this
unit than any other subdivision and three different associations are
found. The occurrence of the Uphicmgrpha-Crab-Driftwoed-Shark Teeth

asseciation, such as at locality 15, or the Glycymeris-Arctica

association, such as at loecality 7, occur in the thicker, well-scrted

sandstone exposures. The Glycymeris-Arctica association, however,

. ,l ‘ | |
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appears to oceur primarily in northeastern Morton County, although
it has also been found to occur as far north as southern McHenry

County (locality 1). In addition, the Crassatella-Nucula association

occurs in the thin, poorly-sorted, glauconitic sandstone at SXposures
in the type ares (localities 75, 76, 77, and 81) where the middle
bench becomes indistinet.

The textural parameters and the organic carbon content for
sguples from this unit include 74, 78, 75, 764, 76B, 77, and 87A

and gre shown in Figs. 3 and 6,

Upper-Middle Unit

The upper-middle unit contains those rocks between the middile
and upper bench-forming sandstones and is primarily composed of
mudstone, The thickness of the nmudstone varies from less than 50 to
over 150 feet {15 to 46 m) but appears to be laterally persistent
throughout mogt of central Korth Daketéﬁ Hoet surprisingly, this unit
is thickest where the middle sandstone bench thins and becomes indis-
tinct, i.e., those mudstone sections overlying the poorly-sorted

sandstone (lower-middle unit) containing the Crassateliz-Nuculas associa-

tion in the Cannonball type area. The mudstone contains = variable

amount of sand and may in some areas, particularly near the upper or

lower sandstone contact, be & muddy sandstone.

Fogsils in this wnit are not particularly abundant. In the
Cannonball type area {localities 68, 69, and 81), scattered
deposit-feeding bivalves, gastropods, and occasional scaphopeds cceur.
Fossils from this unit are interpreted as belonging to the modified

Crassatella-Nucula association.
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Upper Jnit

The u?per unit is defined as the thick sandstene body that
commonly occurs near or at the top of the Cannonball Formaticn in
central North Dakota. This sandstone also commonly farmé a topegraphic
bench due to the presence of coneretionary sand bodies in ths unit.
The thickness of this unit ranges from 20 to 40 feet (6 to 12 m).
Cvancara (1980, p. 34) traced the upper bench approximately 40 miles
{64 km) from east-central Morton County to southern Grant County, and
about 40 miles {64 km) from northeastaern Grant County to east-ceniral
Sioux County. The bench, s0 presumsably the entire unit, doesg not
appear to extend into northeastern Morton County. This unit is well
exposed north of locality 65 (NWi Sec. 9, T. 132 N., H. 87 W., 6.5
miles south-southeast of Leith, southern Grant County).

The well-gorted, upper bench-forming sandstone commonly contains
the Oﬁhﬁomoggha*Cra%}wﬂriftwaodehark Teeth association and, in sone
places, a few molluscs. However, molluscs are not nearly as abundant

in this unit as in the sandstone c¢cinciding with the middle banch.

Environmenta of Deposition
The complexity of the interrelationships between Cannonball
lithofacies makes interpretation of depesitional environments difficult.

Part of the problem is due t¢ poor or inadequate stratigraphic conirol.

Exposures are excellent in some areas and nonexistent in others. For

example, very few exposures are found west of Grant and Morton Countles
or north of Oliver County. This ieaves a large gap along with uncertain
facies reiationships between the exposures in southwest-central North

Dakota and scuthwestern North Dakota where the Camnonball tongues are
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exposed In the Lititle Missouri Valley. Subsurface data in the form
of eleciric logs ha;e proven to be of little value in differentiating
Tertiary formations,

A depositicnal model for the Cannonball Formation must account for
‘ the following sedimentary characteristics:

1) The presence of two brackish-water mudstone tongues in
southwestern North Dakota.

‘ 2) The repeated occurrence of sandsione-mudstone couplets
common in the Cannonball section in southwest-central Nerth Dakota.

3} The lateral complexity of lithofacies on a local scale as
well as the persistence cof two, pessibly three, topegraphic benches in
central North Dakota.

4} The distribution of the bivalve associations and other fossil
forms.

5} The abundance of plant material throughout the Cannonball.

6) The presence and distribution of glaaconité.

Before a depositional history of the Cannonball Sea can be

interpreted, a few pertinent and influencing factors should be considered. 3

Source of the Cannonball Sea :

The source of the Cannonbgll Sea has long been an intriguing
mystery as well as a point of controversy to many geclogists. Because ’
the Cannonball Formation appears to thin naturally to the west and
south, and because it is uncertgzin whether the formation thickens or

thins to the north and east, the earliest workers {Lloyd and Hares,

1915, p. %41) proposed that the Cannonball Sea entered North Dakota

from the east or northesst.  Since then, several proposals have

4 . .
I
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been made and generally include a connection with either the Gulf of

Mexico, the Arciic Ocean, or both.

Cvancara (1965, p. 99-101) presented reasons against a northern
source of the sea based primarily on the lack of correlative Paleocene

marine units in Canada. However, the nearest marine correlative in

T

any direction appears to be in southern Illinois and southeastern

| Migsouri approximately 900 miles {1,&48 km} to the southeast {(the
{ Clayton and Porters Creek Formations).

Determining the source of the Cannonball Sea based strictly on
stratigraphic trends is not conclusive and other workers have attempted
to use faunal affinities. For example, based on Cannonball foramini-
ferids collected from the Souris River ares that resemble Arctic fornms,
Lemke {1960, p. 31) proposed an Arctic connection. Conversely, Fox
and Ross (1942) used foraminiferids from southwest-central North
Dakota that resemble those of the Midway Group to support a Gulf Coast
céﬁaec%ian. Such a duality of proviacizl affinity not enly exisis for
{ the foraminiferids but also for other forms, inciuding the bivalves.

! Arctica ovata, the most commen Cannonball bivalve, closely

reseubles the only extant species, Arctica islandica. This species !

is today restricted to cold temperate (Boreal Province) waters of the -
North Atlantic (Nicol, 1951, p. 104). Using the provincial affinities i
of meodern~day descendants to interpret marine copnections and climatice

conditions is very tewpting and, in many cases, is prebably accurate.

However, caution must be used, Davies (1975, p. 82) made the following
statement regarding genera of families common in the Mesozoic and

Cenozoic record:

e




111

In Mesozoic fime some were apparently widely distributed
without climatic restriction, but are now restricted to
either warm seas (Cucullaea, Isognomon) or to cold seas
{Astartidae, Arcticidae, Aporrhaidae). These raise the
question of how far back in geological history they can
I gafely be taken ag climatic indicss,

Although the Cannonball contains forms that are today restricted

to either cold or warm seas, many bivalves such as Nuculana, Arctica,

; Crenella, Panopea, along with aporrhaid gastropeds {Davies, 1975,

p. 39), are considered Boreal or Arctic forms. Based on these provincial
affinities, it ecould be proposed that the c¢limate was cold temperate.
Howsver, floral studies (Brown, 1962; Sloan, 1970) indicate a warn

temperate climate for the northern Great Plainas region during the

Paleocene.

The presence of cold water forms, itherefore, does nei appear io
be the result of c¢limatic species zoning alone. Reasonably, if the
marine Cannonball weiter came only from the southeast, i.e., the Gul?f
of Mexice, the waters in a warm temperate climate would be too warm

to support cold tewperate wmolluscs., However, a marine connection

from northern water could result in the introduction of boreal forms
to scuthern warm temperate climates. j
Although Paleocene rocks in Alberta, Ganada have generally been !
considered nonmarine, the Paskapoo Formation, an equivélent of the k
Fort Union, was interpreied {(Russell, 1940) to be at least estuarine
and an extenzion of the Camncanball Sea. Thiz conclusion was tased on 1
the occurrence of Micriehpus, trails made by a horsesnce crab in
th&sé~strata;
Erickson (1978, p. 81} reported the veccurrence of Arctica ef.
A, ovata in the Timber Lake Memwber of the Fox Hills Formation of

Cretaceous age. DBased on its presence along with several other North

lli'il. - ) ) ) N
.
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Aperican Boreal Faunal Province bivalves, he proposed that linkage

of the sea in the Western Interior with the Gulf Coasi ceased in late
Fox Hills time and that the regressing sez was divided into northern
and southern basins. He further suggested that after the northward
regression of the Fox Hills Sea, marine connections through the
Canadian Arctic and Hudson Bay were terminated. He then suggested
that the connection was re-established through Hudson Bay in Paleocene
time and that this resulted in the entry of the Cannonball Sea, thus
providing the Cannonball with a temperate fauna.

A recent study (Marincovich et al., 1983) tentatively correlates
the Cannconball Formation with Paleogene deposits at Ocean Point,
northern Alaska, on the basis of molluscs and ostracodes. The low
species diversity in both deposits compared to the highly diverse
fauna in coeval deposits in the Gulf of Mexico embayment, West Greenland,
and northwestern Europe, is used to support their proposal that the
! Arctic Ceean was geographically restricted during this portion of
Paleogene time.

Although these recent studies do not provide any firm evidence
of a source for the Cannonball, a northern connection probably should
not be totally disregarded. Unfortunately, without additicnal
stratigraphic or biclogic evidenee, the question of s&urce may well

remain unresolvable.

Paleostrandl ines

The interfingering of the Cannonball with nonmarine sedimentary
rocks in southwestern North Dakota and northern South Dakota, along

with thinning to the west and south, indicates that strandlines were

R
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present in these arcas. The brackish—wa%ér midstone tongues exposed
in the Little Missouri Valley have a combined thickness of only 50 feet
{1% m).

In contrast, recent studisz (Monnens, 1980; Goodrum, 1982} in
the vicinity of the North Cave Hills, northwestern South Dakota, reported
up to 135 feet (41 m} of Cammonball represented by two bench-forming,
fine-grained, coarsening-upward sandstone units. A high-energy
mainland beach model has been proposed by Goodrum (1982, p. 107)
based on apparently well-preserved sedimentary structures and the
abgence of evidence for a lagoonal or back-barrier environment of
deposition.

How the North Cave Hills section correlates with the Cannonball
tongues, only 40 miles (64 ka) to the north, is uncertain. Although
different from the rocks of the tongues in Woth thickness and lithology,
the North Cave Hills Canncnball roeks also differ markedly from the
Cannenball in central North Dakota in the following respects:

1) 1In South Dakota, the primary lithology is sandstone, whereas
in Horth Dakota, béth mudstone and sandstone are common, although
mudstone preécmiﬁ&%es.

2) CGenerally, the rocks in South Dakota are well-lithified
(although some are friable) and sedimentary structures are well-preserved.
In contrast, the majority of North Dakota rocks are poorly lithified
(most workers are, in fact, tempted to call them sediments) and as a ¥
resuli, sedimentary structures are not readily apparent.

3) Although fossils are only marginally abundant in North Dakota,

they are severely lacking in Scuth Dakota., WNo molluses have been
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reported, ﬁha only reported forms that have marine affinities are
shark teeth and Cphiomorpha-like burrows.

It thus appears that the Cannonball in North Pakota represents
somewhat different environments of deposition than the North Cave Hills
Cannonball rocks. Goodrum {1982, p. 118), using paleocurrent data
iﬁ the North Cave Hills, determined a north-northeast to south-zouthwest
i direction for the paleostrandline strike. This agrzes with the
proposal of Pipiringos et zl. (1965) of a north-south strandline in
the North Cave Hills. Where strandlines existed to the north and east

of the principal Cannonball outcrops in North Dakota remains unimown.

Water Depthsz

Klein (1974} demonstrated that, if no abnormal thickening,
thinning, or deformaticn occurred, nearshore water depths could be
estimated from the thickness of barrier island and deltaic sedimentary
sequences. Cvancara (1976, p. 16) used this approach to estimate
& wave base of at least 40 feet (12 m) for nearshore environments.

Goodrum (1982, p. 120) estimated depths of 45 to 65 feet (14 to 20 n)
in the ¥orth Zave Hills area,

For the following reasons, the mudstone of the Cannonball |
Formation in central Worth Dakota also appears %5 represent relatively
shallow-water deposition:

1) Planktic foraminiferids are rare and those found are smaller
than those c¢ommon in deeper water sediments {Fox and Qlsson, 1969,

p. 1400). However, benthic foraminiferids are relatively cemmon and
are found primarily in the mudstone (Fenner, 1974, p. 55, 197, p. 73),
2) Both Cannonball mudstone and sandstone contain abundant

plant material, commonly lignatized. Its abundance in the mudstone

e ——————————————————
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provides further support to shallow~water deposition.

3) A thin-section exapination of the micrite concretions found
within the mudstone reveals well-preserved evidence of biocturbation
and possible algal mats. In addition, round calcite bodies resembling
caiciSpheres_oécur {Fig. 24}. Calcispheres are believed (Bathurst,
1971, p. 70) %o represent the réeproductive bodies of algae. Today,
calcispheres are found only in environments in shallow protected water
where circulation is restricited or semirestricted (Marszalek, 1975,

p. 71}, The presence of algae in an envirenment indicates depusition
occurred in the photic zone, and alse in relatively shallow water.

4) Glauvconite, common in many Cannonball rocks, is often used
as a broad depth indicator. Cloud (1955, p. 484) reported its
formpation in normal marine environments with slightly reducing condi-
tions and in depths ranging from 30 to 6,000 feet {9 o 1,800 mj.
However, Porrenga (1967) zaid its formation is most common at depths
ranging from 100 to 2,300 feet (30 to 700 m).

5) Bivalves are generally not good bathymetric indizators
and can be used only in a broad sense. Infaunal bivalves are
found at all depths. However, deposit feeders prefer fine-grainsd
sediments rich in organic matter, and, because these sediments
are most abundant in deeper, gquieter waters, the proportion of

deposit feeders commonly increases with deptn (McAlester and

Rhoads, 1967},

il
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Photominrograph of micrite concretion from Cannon-
ball mudstone {locality 68) showing bioturbation
and a calcisphere (displaying uniaxial crossj.
Diameter of calcisphere is 0.2 mm.
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The preceding reasons and the lack of obvious deep-water,

open-marine sediments strongly suggest that the mudstone in the

Cannenball represents shallow, restricted or senmirestricted, water
: econditions, although desper than the nearshore environments.
Cvancara (1976, p. 16) suggested, and it appears reasonable, that

water depths for the mudstone were up to 100 feet (30 m).

Depegitional Models for the Cannonball Formaticn

The Lannonball Formation remains somewhat of an enigma in the
Palsocene sequence in that it is & marine unit found only in the
Williston Basin wedged in a thick accumulation of nonmarine sedimentary
rocks. These nonmarine deposits accumulated east of the Hocky
Mountain region as a result of uplift «f ranges asscociated with the
Laramide Orogeny from Late Cretaceous to Eocene time.
Based on florsal evidence (Brown, 192; Sloan, 1970}, the climate
in the northern Great Plaing repion was probably warm temperate. The
dominantly fine-grained sediments of the Cannonball suggest that
deposition was distant from the source. Although the sand 18 fine- to
very fine-grained, it is commonly angular to subangular and appears
guite fresh, The sand is predominantly nuartz; however, feldspars
{primarily plagioclase varieties) are alsc common along with volcanic i
rock fragmehts. These volcanic fragnents, rich in plagioclase conient, ;
are algo surprisingly fresh and unaltered., What the Canncnball mineralogy i
indicates about its source 1s uncertain without further studies. ﬂ
Although some of the sediments were probably reworked Fox Hills sand-
stone, it is guite probable the Cannonbell had more than one scurce,
The fine grain size, along with the floral evidence, further suggests

a lowland terrain adjacent to the Cannonball Sea.

. ' “
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Previocus workers (primarily Cvancara, 195, 1976) have suggested
that the Canncnball was deposited in a complex of depositional
environments that included tidal flat, lagoon, beach, shoreface, and
shelf. The Frisian Islands in the Horth Sea on the nertheran coast of
the Netherlands and northern Germany have been proposed (Cvancara, 1965,
1976) as a modern analog. In this area, the coast has well-developed
tidal flats and is protected by a series of barrier islands, separated
from the mainland by a lagoon of variable width. For the most part,
the model appears guite feasiblé for the Cannonball., However, such
a model does provoke a few additional thoughts.

The bivalve asscciations and the Cannonball lithologies suggest
that the snvironments of depositicn in western North Dakota were
different than those in central North Dakota, But, how they related
tc each other should also be considered.

In western North Dakots, the Cannonball is represented by two
brackish-water iLongues. In marine environments, brackish water

generally occurs near the strandline where rivers empty. AL some

distance seaward, the freshwater influx ceases to have an effect and

the water bscomes of normal marine salinity. In between these two

areas, a salinity gradient exists. The tongues, separated by approxi-

mately 100 feet {30 m)} of nonmarine rocks, are evidence that the 4
Cannonball Sea transgressed this area at least twice. DBased on i
foraminiferid faunas, Fenner (1976, p. 77-78) reported that in the il
subsurface, the fauna changed from one of normal saline affinities

to one of brackish-water affinities west of Adams Caan%y.< Thus,

brackish-water conditions existed as far west as western 3lope County
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and as far east as Adams County and these occurrences are probably
the result of the salinity gradient migrating with tke transgression
and regression.

In central North Dakota, the Cannonball is represented by thicker
sections of mudstone and sandstene conteining a more normal marine
fauna. However, the major litholegic trends and persistence of the
Cannonball benches strongly suggests at least two transgressive and
regressive events also occurred in this area during Cannonball time.

It cannot be stated with certainty that the Cannonball tongues
correlate in time with the major transgressive events in central
florth Dakota because the possibility exists that additional Cannonball
tongues were deposited but were not preserved, or are presgent in the
subsurface. However, it seems reasonable, that the deposition of the
lower and upper tongues can be correlated with transgressive events
in central North Dakota (Fig. 25).

In western North Dakota, the depositional setting ineluded a
low-1lying, swampy nearshore environment. with rivers emptying into
lagoons of variable widih, supplying sediment for a series of
nerth-trending barrier islands.

In central North Dakota, the interrelationships of laterally

adjacent environments were apparentliy wmore complicated and probabily

P

included the subenvironments associated with tidal flats, lagoons

and bays, besches (associated with both barrier islands and the

mainland}, and shelf-like environments. This would account for the

complexity of lithofacies seen on a local scale (even at one outcrop).
FPenner {1976} further refined Cvancara's (1976) model by suggesting

the presence of a northward-trending barrier-island chain through
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Fig. 25. Generalized distribution and correlation of
Cannonball faunal associations with major
transgressions (T) and regressions (R) during
Cannonball time.
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central Horth Dakota, just west of the present Missouri River. The

deeper water, more open-sea environmentS, he suggested, were teo the
eagt and southeast of the barrier-island chain. With this model, the
entire area between the gtrandline in western North Dakota and the
barrier-island chain was one "big" lagoon (well over 100 wiles or
161 km wide). In the west, where rivers ewmpty, the water was hypo-
éaliﬂe but it became a normal marine, shelf-like eﬁvironmenﬁ, aibeit
shallow water, towards the east.

If the term "lagoon™ is used in the brosd sense, that is, any
body of water with limited connection with the sea (not the geomorpho-
logical sense that lagoons are narrow, shallow, eiongate bodies of
water separating tne shoreline and a barrier island, it is probably
more correct to refer to the Cannonball bedy of water as & lagoon
rather than a sea. However, one barrier-island chain migrating
across a huge légoca does not appear %o account for the complexity of
the iithofacies, or, mors importantly, &Ges not answer the guedtion why
open-garine sediments were not deposited over the barrier islend
sand deposits as the chain migrated westward.

The possibility is proposed here that in North Dakota the Cannon-
ball Sea was present in only part of the state and that deeper water,
open-marine conditions did not exist in North Dakota. A north-trending
strandline was also probably present sopewhere near the preseni Missouri
River. Tne source of the sea would nave been from either the north-northeast
or soutbh=-southeast, and in either case, the Canronball water in
Nortn Dakota was unrestricted only in the direction of the source, With
this model, barrier islands could have bsen pressent concurrently in bota

western and central North Dakota, or in any vicinity where there was a
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supply of sediment. Differences in freshwater influx and energy
conditions resulted in varying environments of depcsition and faunas.
In addition to more adequately explaining the lack of deeper water
sediments, this model also helps resolve why many of the sandstone
units appesar to be mainland beach deposits and why others appear to

be beaches associated with barrier islands.

Depositional Histery of the Cannonball Formation

The following is & brief synopsis of 2 suggested depositional
history that took place in Neorth Dakota during Cannonball time. The
intent of proposing this history is to account for major lithologice
trends. It should be kept in mind that the following events do not
oceur at one particular time in the early Paleocene, but that environ-
ments continually migrated throughout Cannonball time.

1) The first transgression of the Cannonball Sea resulted in
the deposition of both the lower and lower-middle units. In addition,
it seems likely that the lower tongue was deposited when the sea
reached its meximum westward transgression.

The lower unit was deposited in an environwent that developed
on the edge of the apprcaching sea. The resulting tidal flat sediments
display a high degree of lithclogic variability. The complex mosaic
of lithofacies relationships resuited from the interfingering of the
tidal flat subenvironments, that is; the intertidal and upper subtidal.
Sediments in these subenvironments would include &lternating‘beds
of mud and sand deposited in the intertidal and the sand and mud
deposited in the subtidal associated with channel fill, %idal point

bars, and sand shoals.

_———
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Overall, the tidal flat environmeni was probably too stressful
for most organisms with the exception of burrowing, soft-bodied forms.
The bivalve Igognonon was also apparently able %o thrive in the shallow
water.

As the %fansgressiou continued over the area and the water depth
increased, new environments such as restricted bays or small lagoons,
and scattered barrier islands replaced the tidal flat environment. In
other areas, tidal flat deposition apparently continued. Faunas
flourished in some of the nearshore environments sssociated with the
small barrier islands and mainland beaches in central North Dakota,
These sand bodiss may have been more exbtensive than is apparent but
were possibly partially or totally reworked as the fransgression
continned. These'sediments are represented today by the sometimes
distinet, but generally untraceable, lower bench-forming sandstone that
oceurs in southern Morton County.

A%t the time of maximum transgreSsien, barrier-island and mainland

beaches were present, Crabs and the organism that made Ophiomorpha,

alang with suspenaion-feeding bivalves, inhabited the nearshore, higher

energy environments {represented by the Glvcymeris-Arctica association

in some exposures). A diverse faunal community (represented by

Crassatella-Nuculs association) probably thrived in the more stable

subtidal environment where water was deeper (shelf-like). Also during
this time of maximum transgressicn, brackish water in western North
Dakota {Slope County) resulted in deposition of the lower tongue

{Fig. 25) containing the fauna belonging to the QOgtrea-Corbula-Corbicula

association.
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2) fegression resulted in the withdrawal of brackish water in
Slope County and a resumption of nonmarine deposition there. This
regression 2lso resulted in migration of the barrier islands and main-
land beaches along with their contained biotic communities. These
barrier islands and mainiand beaches are represented today by the
middle bench~forming sandstone.

3) A transgression and the resultant deposition of a thick
section of mudstone in central North Dakota followed the first regression.
Fine-grained sediments were pressnt in the deeper subtidal areas that
supported communities .composed primarily of deposit-feeding organisms.
Puring this time, the wesisrnmosi extent of the sea 1s probably
represented by the upper Cannonball tongue. However, based on the

fauna (Crassostrea-Corbicula-Corbula association and the lack of

microfossils), the water probably had lower salinity than during
deposition of the lower Cannonball tongus. The presence of a sand-
stone unit containing the trace fossil Ophiomorpha near the top of
the upper Cannonball tongue indicates that transgression continued
to the point where a barrier island migrated over the brackish sedi-
ments, It is likely, therefore, that the upper Cannonball tongue
extends even farther to the west.

4) What appears to be the final regression of the Cannonball is
represented by the laterally persistent upper Cannonball bench that
also most likely represents prograding barrier island and mainland
beaches. The upper bench-forming sandstone was probably a relatively
high-energy, nearshore to shoreface environment. Fossils, with the

exception of Ophlomorpha, crabs, driftwood, and shark teeth, are few.
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PROBLEMS DESERVING FURTHER STUDY

This study has concentrated on only one fossil form. Because
bivalve morphologieal features cowmonly reflect environmental stresses,
bivalves are among the mest useful palececological indicators. However,
more could now be gained by a detailed study of fossil forms other
than bivalves to determine palececological relation of the forms to
the bivalve associations defined in this study and to aid interpreta-
tion where bivalves are missing. Among the other forms, those most
ugeful would include gastropods, ¢orals, and trace fossgils, Trace
fossils, in particular, are often abundanit where other fossils are not.

Cannonball sedimentary structures are not particularly abundant;
however, there are probably enough to obiain useful data on a regional
scale. Cross-bedding, found at sandstone exposures, could be measured
to determine paleocurrent directions. This information could help
determine the orientation of the sand bodies and their relationship
te paleostrandlines.

Capnonball mineralogy is another subject deserving study. The
large number of unaltered plagicelase feldspars and voleanic rock
frégments suggests that a fair proportion of the grains are not reworked
sediments. A detailed mineralogic study couid provide information on
the scurce of the sediments. In addition, a method might be develoyped
to récognizs the Cannonball in the subsurface. Mineralogy may be

helpful in this respect as may some gevchemical technique.
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Finally, although a large proporiion of Cannonball rocks are
unconsolidated, some diagenesis has occurred (e.g., the formation of
the concreticnary bodles and benches) and deserves further study.

The micrite concretions should also be examined, perhaps with the

help of the SEM, to determine their origin.
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SUMMARY AND CONCLUSTIONS

Five bivalve associations and one sub-association, within the
Cannonball Formation of North Dakota, are defined based on field
observations and further supported by Q-mode and R-mode cluster analyses.

1) The Ostrea-Corbula-Corbicula association is geographically
and atratigraphically reatricted t¢ the lewer Cannenball tongue in
southweatern North Dakota. The association occurs in a wudstone with
a high organic carbon content and represents a low-energy,
brackish-water environment located near the strandline. The
low-diversity fauna, along with the presence of the oyster (sirea,
ieg eharacteristic of fluctuating low-salinity environments.

2) Geographically and stratigraphically restricted to the upper
tongue of the Cannmonball in southwestern North Dakota, the

Crassostrea-Corbicula-~-Corbula association is characterized by dis-

continuous beds and pods of Crassostrea that represent in situ,
low-diversity oyster banks and patches, The beds and pods are
enclosed in a nudstone rich in organic carbon, thait accumulated in a
low-energy, brackish-water, lagoonal environment. The abundance of
Crasgostrea in the upper teongue and ites lack in the lower tongue
suggests that water conditions were more brackish (less marine) when
the oyster banks and pailches developed than during deposition of the

sediments enclosing the Ostres~Corbula-Corbicula asscciation. Cloger

proximity to the paleostrandline may account for this. Corbicula and

Corbula are not found in direet association with Crassostrea but ococur

i29
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in lithologically different sediment above the Crassostres beds.
Their occurrence, and the disappearance of Crassostreé, suggests a
change in environmental conditions, probably in sa].iﬁity. The

presence of Corbicula and Corbula and a sandstone unit containing

Ophiomeorpha near the top of the upper tongue suggests that a trans-
gressive event continued after the demise of the oysters.

3} The Isognomon asscciation is also geographically and strati-
graephically restricted. It occurs in a muddy sandstone near the base
{lower unit) of the Cannonball section in southern Grant County. The
apparent lack of other macrofossils, along with the sedimentary
characters, suggests a shallow-waler, dynamic environment that was
probably too rigoroua for most faunal forms, It is suggested that
Izognomen lived in the ghallow water of the subtidal zone, or, in
the intertidal subenvironwent near the low-water line, associated with
an extensive tidal flat environment that developed in North Dakota with
the transgression of the Cannonball Sea. |

4) Although the Glycymeris-Arctica association is found throughout

& larger area than the preceding three associations, it occurs primarily
in eastern Morton County. Further, it does not appsar teo oceur in
sediments above the middle bench-forming sandstone (lower-middle unit)

of the Cannonball Formation. The Glycymeris-Arctica agsociation ig

8lso confined to moderately-sorted to well-sorted sandstone. ‘The
trophic group nucleus 1s composed of suspension-feeding bivalves
csmmo&ly found in association with Ophiomorpha. This fact, along
with the overall low diversity and the environmental preference
{high-energy,rshallow water) of the distinguishing bivalve, Clycymeris

subimbricata, suggests that the association represents & nearshore,

" R — . .
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wave-ggitated environment. This environment was probably associated
with mainland and barrier island beaches.

5) The high-diversity Crassatella-Nucula association appears to

occur only in southern Grant Jounty, especially in the type area of
the Cannonball Feormation where the middle Cannonball bench-forming
gandstone is indistinct, The glaucenitic sandstone in which the
association occurs is in the lower-middle unit of the section. Although
bath deposit-feeding and suspension-feeding bivalves are common,
aporrhaid gastropods comprise the trophic group nucleus of this
association. The dominance of these deposit-feeding gastropods, along
with the deposit-feeding bivalves, suggests a relatively low-energy
environment with an adequate supply of food in the sediment. The
presence of suspension-feeding bivalves further suggesis relatively
low turbidity and a soft but not mobile substratum. The

Crassatella-Nucula agsociation represents a subtidal environment

with normal marine salinity and stable sedimentologic and hydrologice

conditions.

{ 6) The medified Crassatella-Nucula association is not stratigraphi-

cally or geographically restricted. It occurs in lithologies ranging
from muddy sandstone to mudstone and conftains fossil forms commonly

found in the Crassatella-Nucula association but lacks the high diversity

and the dominance of aporrhaid gastrepods of that asgsociation. Iis

cecurrence may, in some places, be the result of more selective

preservation of the veritable Crassatella-Nuecula association. However,
because 1t is found throughout much of the Cannonball, it is probably

primarily representative of subtidal communities where living
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conditions were less conducive to many forms and, thus, yielded lower

diversity, possibly "immature" communities.

In addition to these bivalve associations, a biotic association,
the Ophiomorpha-Crab-Driftwocd-Shark Teeth association, also occurs in
the Cannontall. This association is found only in well-sourted sandstone

and probably represents an environment similar to that of the

Glyeymeris-Arctica association, i.e., a high-energy, nearsnore environ-
ment associated with a mainland or barrier island beach. However, the

‘ accumulation of driftwood and shark teeth along with crabs and Ovhiomorgha
further suggestis this association existed at or near the strandline.

Unlike the Glyeymeris-Arctica asscciaticn, it is not geographically or

stratigraphically restricted. However, it cccurs most commonly in the
upper bench-forming sandstone {upper unit).
The Cannonball bictic asscciations appear to be geographically and

stratigraphically distributed as follows:

Ostrea~Corbula-Corbicula : Lower Cannonball Slope County,
tongue southwestern N. D.
Crasgostrea-Corbicula-Corbula: Upper Cannonball Slope County,
tongue southwestern N. D.
} Isognomon : Lower Cannopball Southern (Grant
unit County, central W. D,
Glycymeris-Arctica ¢ Lower-middle Primarily Eastern Morton
Cannonball unit County, central w. I,
Crassatella-Nucula i Lower-middle Southern Grant
Cannonball unit County, central N. D.

Medified Crassatella-Nucula : ¥Not restricted in distribution

Ophiomorpha-Crab-Driftwoed~ : Not restricted inm distribution
Shark Teeth

The stratigraphic distribution does not appear to be the result of

faunal community succession, but, rather due teo environmentally
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controiling factors. These factors include salinity, water ensrgy,
substratun character, food availability, oxygen, and sedimentation
rates,

During the time of deposition of the Camnonball Fermation,
there were at least two major transgressions and regressioms. It
! seems likely, commensurate with the associations proposed, that
deposition of the lower and upper tongues of the Cannonball Formation

in southwestern North Dakota can be correlated with two mdjor trans-

gressive evenis in central North Dakota.
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APPENDIX I

CANNONBALL FOSSIL OCCURRENCE LOCALITIES

The locality descriptions in this appendix have documented fossil
oceurrence and were used in this study as data for cluster analyses.
These localities are primarily from Cvancara (1965, Appendix C) who
compiled a list of Cannonball fossil localities from both his c¢ollections
and collecting lecalities reported by the United States Geologiceal
Survey. In addition, several fossil localities reported by VYan Alstine

{1974, Appendix I) were also used as data and are included in this

appendix.

The following example will serve to explain the numbering of

the localities in this appendix:

he 7)) #(27) T137N-R88W-28ana;

4s The locality number used in this study. These localities are
shown in Fig., 2 by their corresponding number.

{7} The Cannonball fossil locality number used by Gvancara (1965,
; Appendix C).

#(27) The locality corresponds to a described measured section by
Cvancara {1965, Appendix A).

T137N-R88BW-28aaa; the legal description of the locality. This

' numbering system is that used by the North Dakota State Water
Commission and is basesd on the location in the public land
classification of the United States Bureau of Land Management.
T137N refers to the township north of the base line; R77W refers
to the range west of the fifth prinecipal meridian; <& refers

to the section number, The letters a, b, ¢, and d designate,
.respectively, the northeast, northwest, southwest, and southeast
quarter sections, guarter-quarter sections, and quarter-guarter-
quarter sections. In this example, Z8aaa is in the NEINE4NEZ
Sec, 28. :
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Thoge Canncnball fossil lecalities reported by the United
States Geolagical Burvey are indicated by ths U.2.0.35. number in
perentheges at the end of the locality description, for exanmple,
(U.8.G.8. 4892). |

Those localities resampled by the author for this study are
indicated in the description by including the University of North
Dakota accession numbers of the fossil samples. Additional accession
numbers of fossil samples from these localities (primarily those
from the University of Michigan assigned by Cvancara, 1965} can be
found by referring to Cvancara (1965, Appendix C).

The ocecurrence of gpecific macrofossils at each loecality is

given by Cvancara (1965, Appendix B).

1. (1) T1538-RA7%-2abe; about 6.5 miles (10.5 km) northeast of
Velva, southern MeHenry Co., N. Dak. Small road-cut exposure
on north side of gravel road. Fossils collected from well~
indurated, very fine-grained sandstone bed {up to 2 feet or
0.6 m thick) at top of road cut.

2. (2) T153N-R79W-18cdb; 0.35 mile (0,6 km) northeast of south-
west corner sec. 18, abouf 2.6 miles (4.2 km) east-northeast

‘ of Velva, southern McHenry Co., N. Dak, Road-cut exposure

' on southeast side of gravel road. Fossils collected from light

green to tan gray c¢layey, poorly-consclidated sandstone, the

top of which is about 2 feet (0.6 m) above the surface of

gravel road.

3. (B TL43N-R73W-18dad; 0.35 mile (0.6 km) north of southeast
coprnar sec. 18, about 4.5 miles (7.2 km) north-northeast of
Tuttle, northern Kidder Co., H., Dak. Road-cul exposure on west
gide of N. Dak., Highway 3. Fossils collected from light grayish
tan to sandy mudstone, about at level sven with top of road and
also about 5 feet (1.5 m) above road level.

Lo (7)) #(27) T137N-R77W-28aaa; 5 miles (8.0 km) west and 1.1 miles
(1.8 km) south of Moffit, southern Burleigh Co,, N. Dak. Road-cut
exposure {sand blow-out) on west side of gravel road. Fossils
collected from light greenish gray, poorly-consolidated, fine-grained
sandstone in upper part of exposurs.
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5. (8) TL37N-R77W-20dad; 0.7 mile (1.1 km) south cf ncrtheast
corner sec. 20, 6 miles (9.7 km) west and 0.7 mile (1.1 km)
south of Moffit, southern Burleigh Ce., N. Dak. Road-cut
exposures on both sides of gravel road, on sec. line common
to secs. 20 and 21. Fossils collecied from surface of light
greenish gray, poorly-consclidated, fine-grained sandstone.

6. (9) T137NR77W-28bbb; 6 wiles (9.7 ¥m) west and 1.1 miles (1.8 kn)
south of Moffit, southern Burleigh Co., N. Dak., Read-cut exposure
on both sides of gravel road, on se¢. line common to secs. 28 and
29. TFossgils colliected from surface of light green4sh gray,
poorly-consclidated, fine-grained sandstone.

7. (11)#{29) T138N-R8B1LW-13bda; about 4.25 miles (6.8 km) south of
Mancdan, northeastern Morton Co., K. Dak. (about 0.5 nile or 0.8 km
northwest of mouth of Heart River). East-facing, steep road-cut
exposure, west side of Highway 1806, Fcssile ccllected from light
grayish green, poocrly-consclidated, fine-greained sandstone at top
of exposure. Univ. of N. Dak. accession number A2543.

8, (12) T139N-R8BOW-32bba; about 1.6/ miles (2.6 km) northwest of
juncticn U.S, highways 10 and 83 (0.4 mile or 0.6 km east of
Bismarck Junior College)}, southern Burleigh Co., H. Dak.

Rogd-cut exposure on south side of gravel road. Fossils collected
from surface of light grayish green, poorly-consolidated,
fine-grained sandstone.

9. (13) ®*(32) T139N~-RBOW-3laab; 2.1 miles (3.4 km) northwest of
junction of U.S. highways 10 and 83 (about 0.25 mile or 0.4 knm
west-northwest of Bismarck Junior College)}, southern Burleigh
Co., H. Dak. South-gouthwest faeing man-made exposure, north
side of small gully. Fosslls collected from surface of light%
grayish green, poorly-consolidated, fine-grained sandstone.

10. (15) T139N-R81W-27bca; just west of courthouse, Mandan, north-
eastern Morton Co., N. Dak. Near top of a hill. {U.3.G.3. 9121}

11. (16} T139N-R81W-28b; 0.75 mile {1.2 km) west of Mandan, norih-
sastern Morton Co., N. Daik. Bluff on north side of Heart River,
125 feet (38 m) above river level. (U.8.0.3. 9122; considered
alsc about the same as U.S.G.5. 9120.)

12, (18) T1L0H-RBIW-16a{7); about 1 mile (1.6 ¥m) north of Harmon
(abolut 10.5 miles or 16.9 km north of center of Mandan, ncrth-
eastern Morton Cc., N. Dak. East bank of Missouri River.
(U.3.0.5. 16011 and also considered about the same as U.5.5.5,
16012, )

12, {19) #{33) T14IN-R81¥-12dda; about 9 miles (14.5 km} scuthwest of
Wilton, northern Burleigh Co., ¥. Dak. West-facing cutbank
exposure, east (left) bank of Missouri River (just south cf east-west
trending gully. Fossils ccllected from light grayish green,
pocrly-consclidated, fine-grained, 20.9 foot (6.4 m) sandstone in
lower middle part of section.

—
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14. (20) T142N-R81W-34d; about 1 mile (1.6 km) south of Price,
Oliver GCo., N. Dak. East-facing cutbank exposure, west (right)
bank of Missouri River. (Same as U.S.G.S. 9126 and U.S.G.S.
1599%6. )

15. (22) *(31) T139N-R82W-23dda; 4.65 miles (7.5 km) west of railway
station, center of Mandan, northeastern Morton Co., N. Dak. '
High road-cut exposure (slide area), north side of U.S. Highway
1C. Fossils collected from poorly-conseclidated, light greenish
gray, fine-grained sandstone in upper part of section.

16. (22) #(31) Same as locality 15. Fossils collected from sandy
mudstone in lower part of section. Univ. of N. Dak. accession
numbers AZ2549 and A2550,

: 17. (23) T139N-R82W-34daa; about 5.75 miles (9.3 km) west-southwest
of center of Mandan, northeastern Morton Co., N. Dak. Very
small {about 7 by 10 yards or 6.4 by 9.1 m), south-facing
blow-out exposure on north side of east-west trending gully.
Fogsils collected on surface of light grayish green, poorly-
consolidated, fine-grained sandstone.

18. (24) T139N-R82W-34cac; about 6.5 miles (10.5 km) west-southwest
of center of Mandan, northeastern Morton Co., N. Dak. West~facing
cutbank exposure, east (right) bank of Heart River. Fossils
collected from upper part of exposure from very fine to fine-
grained, poorly-consolidated sandstone with well-indurated
lenticular sandstone,

19. (25) TI139N-R82W-20(?); probably about 8 miles (12.9 km) west of
Mandan, northeastern Morton Co., N. Dak. (U.S.G.S. 9144)

20. (26) T139N-R83W-33aad; about 0.5 mile (0.8 km) south of Sweet
Briar {about 11.5 miles or 18.5 km west of Mandan), northeastern
Morton Co., N. Dak. East-facing cutbank exposure, west (right)
bank of Sweet Briar Creek. Fossils collected from mottled dark
gray and grayish tan poorly-consolidated, silty to sandy mudstone
about 8.5 feet (2.6 m) below top of exposure.

21. (R27) #(30) T138N-R83W-10dda; about 12 miles (19.3 km) west-
southwest of Mandan, northeastern Morton Co., N. Dak.
South-facing cutbank exposure, north (left) bank of Heart
River. Fossils collected from light grayish green, fine-grained
sandstone underlying 50 foot (15.2 m) mudstone at top of section.
{(About the same as U.S.G.S. 9143.)

22, (27) *{(30) Same locality as 21. Fossils collected from light
grayish to greenish tan, fine-grained sandstone in upper part of
54 foot -{16.5 m), poorly-consolidated sandstone near middle part
of section. Univ: of N. Dak. accession number A2563.
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23, (28) T136N-R83W-l3acc; about 7 miles {11.3 km) west-southwest
of &t. Anthony, southern Morton Co., N. Dak. Southwest-facing
sand blowout exposure in pasture, east side of north.south
trending gully. Fossils collected from surface of light grayish
green, poorly-congolidated, {ine-grained sandstone.

4. (29) T136N-R82W-18bbe; about 6.75 miles (10.9 km) west-southwest
of 3t. Anthony, southern Merton Co., N. Dak. Road-cut exposure
on east’ side of gravel road {(0.25 mile or {U.4 km south of northwest
corner sec. 18). Fossils collected from light grayish green,
poorly-consolidated, very fine-grained sandstons. Univ. of H. Dak.
accession numbers AZ544, AZ545 and AZ2551, AZ552,

25. (30) T136N-R8W-20a; 3 miles (4.9 km) southeast of 0ld Strain
(5.25 miles or 8.4 km west-southwest of S%t. Anthony), southern
Morton Co., N. Dak, (U,3.G.5. Bis4)

26, (31) T136K-R82W-2ldac; 5 miles (& km) Southeast of 0ld Strain
{aboit 4.5 miles or 7.2 km southwest of St. Anthony), southern
Morton Co., N. Dak. (U.5.G.8. B455 and 8456)

27. {32} TI3BN-RBIW-27b; 5 miles (8 km) socutheast of 0ld Strain
{about 4.5 miles or 7.2 km southwest of 5t, Anthony), southern
Morton Co., N, Dak. (U.8.G.5. 84356)

28, (33) TL36N-R8IW-17ccb; 1.8 mile (2.9 kn) south of 8t. Anthony,
southern Morton Co., N. Dak, Road-cut exposure on east edge of
N. Dak. Highway 6.

29. (34) TI36N-R81W-29¢cbb; 3.5 miles (5.6 km) south of St. Anthony,
southern Morton Co., N. Dak. Road-cut exposures on both sides
of N. Dak. Highway &, on sec. line common to secs, 29 and 30 and
on east-west half section line (secs. 29 and 30). Fossils
eollected from light grayish green, poorly-consolidated, fine-grained
sandstone.

30, (35) T136N-R81IW-3iceds about 5 miles (8 km) south of St. Anthony,
southern Morton Co., N. Dak. Small nerth-northwest-west-facing
hillside exposure near top of flat upland in pasture. Fosgils
collected from light grayish green, poorly-coenselidated, f{ine-grained
sandstone.

31, (36) T135H-R81W-6daa; about 5.5 miles (8.9 km) south of St.
Anthony, socuthern Morten Co., N. Dak. Road-cul exposure on
east side of N. Dak. Highway 6.

32, (37) T132N-R82W-laad; about 5.25 miles (8.4 km) south of 8t.
Anthony, southern Morton Co., N. Dak. OSmall, isclisted hill
exposure on west side of road {0.25 mile or C.4 km south of
northeast corner sec., 1).
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(38) #{(23) T135H-R8W-3b6aab; 0.2 mile (0.3 km) west of junciion
N, Dak, Highways 6 and 21, about 6.25 miles (10.1 km) north of
Breien, southern Morton Co., N, Dak, Northeasi«facing hiliside
exposure in pasture, south side of N. Dak. Highway 21. Fossils.
collected from medium greenish gray, poorly-consclidated,
fine-graeined sandstone, Univ. of N. Dak, accession number A25.6.

(39) T134N-RBLW-5(?); about 6 miles (9.7 km) northwest of
Solen, southern Morton Co., N. Dak. Top of flat-topped buite,
{(U.8.5.8. 9129)

(40} T1344-R81W-3dbc; about 5 miles (8 km) northwest of Solen,
southern Morton Co., N. Dak. Hear top of elongate, flat-topped
hill trending northenortheast. Fossils collected from light
greenish gray, poorly-consclidated, fine-grained sandstone in
upper part of exposed ssction.

{41} Ti34N-R81W-36{?); about & miles (12.9 km)} northwest of
Sclen, southern Morton Co., N. Dak. {U.S.0.8. 8448)

{42} T134N-RBlLW-17b; about 7 miles (11.3 km) northwest of Sclen,
southern Morten Co., N. Dak. Arcund border of high plateau.
(U.5.G.S. 8446)

(43} #(25) TL3IN-RB2W-13cea; about 8.5 miles (13.7 km}
north-northeast of Selfridge, eastern Siocux Coc., N. Dak.
East-faeing landslide exposure. Fossils cellected from light
grayisn green, poorly-conseclidated, fine-grained sandstone in
upper part of section.

(44} *(21) TL3,N-R83W-7cda; about 3.25 miles (5.2 km)
east~goutheast of Flasher, southern Morton Ce., N. Dak.
Fessils collected from light greenish gray, poorly-consclidated,
fine-grained sandstone in upper part of section, Mitchell Butte.

(44a) Ti13LN-R83IW-3laba; about & miles {9.7 km) southeast of
Flasher, southern Morton Co., N, Dak. (U.S.G.3. 8387}

(45) T134N-R83W-3ddd: about 6 miles (9.7 km} east of Flasher,
southern Morton Co., N. Dak. {U.5.5.3. 8445)

(47) TL34N-RE&3W-4bbes about 5 miles (8 km) east of Flasher,
southern Morton Co., N. Dak., South-facing hillside exposurs,
north side of W. Dak. Highway 21. Fossgils ceollected from small,
light grayish brown, sandstone concretions mainly on uppser part

{4L8) TL35N-R83W-32ddd; about 4.75 miles (7.6 km) east of Flasher,
southern Mortem Co., N. Dak, South and scuthwest-facing hillside
expesure, north side of N. Dak. Highway 21. Fossils collected
from smell, light gravish brown, sandstone concretions mainly in
upper part of hillside exposurs.
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4h. (49) TI35H-RS83W-34cbd; about 6 miles (9.7 km) east of Flasher,
southern Morton Co., N. Dak. Two road-cut exposures, south side
of N. Dak. Highway 21. Fossils collected from surface of light
grayish green, poorly-consclidated, fine-grained sandstone.

45.  {(50) TiB&N«R83W~3&&a; about € miles {9.7 km) east of Flasher,
southern Morton Co., N. Dak. (U.85.G.S5. 8444)

46.  (51) *(22) T135N-R83W-26cb; about 2.5 miles {4.0 km) south of
Fallon (about 7 miles or 11.3 km east-northeast of Flasher),
southern Morton Co., N. Dak., Six road-cut exposures on both
sides of pgravel road aleng section common to secs. 26 and 27.
Fossils cellected from light greenish gray, poorly-consolidated,
very fine-grained sandstone in upper part of section.

47. (52) T135E-RAB83W-22azd; 1.2 miles (1.9 km) south of Fallen
(about 7.25 miles or 11.7 km east-northeast of Flasher), scuthern
Morteon Co., N. Dak. Roadw<cut exposure on west side of gravel
road (0.2 mile or 0.3 km south of northeast corner sec. 22).
Fossils collected from light pgreenish gray, poorly-consclidated,
very {ine-grained sandstone.

l 48. (58) T137N-R8%-bec; about 17.5 miles (28.2 km) southwest of
center of Mandan, northeastern Morten Co., N. Dak. {(U.3.G.8. 9141}

49. {59) T1364-R8.W-8bdd; about 11 miles {(17.7 km) north of Flasher,
southern Morton Co., N. Dak. West bluff of Heart River.
(U.5.G.5. 8450)

50, (60) T136N-R84W-16¢; about 10 miles (16.1 km) norih of Flashar,
southern Morton Co., N. Dk, {U.5.G.8. 8431)

51, (62) T136N-R85W-16bch; about 10 miles (16.1 km) north of lark,
northern Grant Co., N. Dak, Road-cut exposures on both sides of
road, on north cne-half of section line common to secs. 16 and 17.
(U.8.G.S. 15992)

52. (63) *(18) T136N~-R86W-2laab; about 20 miles {16.1 km) south of
Almont (rorthwestern Morton Co.) or about 12 miles {19.3 km)
north-northeast of Carson, nortasrn Grant Co., W. Dak,

West~facing cutbank exposure, east (right) bank of Heart River.
Fosails collected from dark gray to dark green, poorly-consolidated,
clayey, very fine-grained sandstone near base of gection.

53, (64) #(19) TI136N-R8EW-21dbe; about 10.5 miles {1£.9 km) south
"~ of Almont {northwestern Morton Co.), or about 11.5 mites (13.5 km}
north-northeast of Carson, northera Grant Ce., N. Dmk,
West~facing cutbank exposure, east (right) bank of Heart River,
near center of see. Z1. Fossils wcollected from dark gray to
green, peorly-consclidated, clayey, very fine-grained sandstone
near base of exposure.

_———
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54, (45) Ti36N-R86W-29da; about 12 miles (19.3 km) scuth of Almont,
northern Grant Co., N. Dak. Tast biuff of Heart River.
(7.5.G.S. B459)

55. (66) T136N-R86W-20ced; about 12 miles (19.3 km) south of Almont,
northern Grant Co., N. Dak. UWorthwest bluff «of Heart River.
{U.8.0.5. BL60)

56, (67) T136N-R87W-2lcab; about 11.5 miles (18.5 km} north-northwest
of Carson, northern Grant Co., N. Dak. South-facing cutbank
exposure, north {left) bank of Heart River. Tossils collected
mainly frem dark gray, poorly-consclidated, sandy mudstone in
lower part of exposure.

57. (68) T136N-R87W-19cdb; about 17 miles (27.4 km) southwest of
Alwont (northwestern Morton Co.), northern Grant Co., N. Dak.
North bluff of Heart River. (U.8.G.S. 8463)

58. (69) Ti36N-R88W-24cca; about 19 miles (30.6 km) southwest of
Alment (northwestern Morton Co.), northern Grant Co., N. Dak.
Heart River. (U.S.G.S. 8404}

l 59, (70) *(16) TL36N-REB8W-16dan; about 14 miles (22.5 km)} northe

' northeast of Elgin, northern Grant Co., N. Dak., West-southwest
facing cutbank exposure, east (left} bank of Heart Butte Creek,
just north of where it enters Heart Rlver. Fossils collected
from dark gray, poorly-consclidated, sandy mudstones in lower
part of gection.

60. {71} T135N-R85W-19d4dd; about 2.5 miles (4.0 kn)} north of Lark,
northern Grant Co., N. Dak. {U.S.G.S. 8447}

61. {(72) T134N-R86W-15cac; about 4 miles (6.4 km} southwest of lark,
nortinern Grant Co., N. Dak. Railroad cut on Worthern FPacifie
Railway. (U.8.G.5. 8388}

62. (73} T133H-E85W-9dba; about 3 miles {4.8 km) west-scuthwest of
Raleigh, southern Grant Co., N. Dak. Railroad cut., (U.S.G.S.
8385 and probably about the same as U.S5.G.S. 8386.)

£3, (74} T132N-RABSW-22bbb; about 1 mile (1.5 km)} west of site of
former Schaller Post Office, about 7.5 miles (12.1 km) south of
Raleigh, southern Grant Co., N. Dak. (U.S5.G.8. 8384)

64. (77} T132N-R87W-33bad; about 10 miles (16.1 km) south-southwest
of Leith, sgouthern Grant Co,, . Dak. West-facing cutbank
exposure, east (right) bank of Cannonball River. TFossils
collected as float.

65, (B0) #(5) T132N-R87W-19bbd; about 7.75 miles (12.5 km) south of
Leith, southern Grant Co., N. DPak. East-facing cutbaznk exposure,

west (right) bank of former channel of Cannonball River. Fossils
collected from 4 foot (1.2 m}, medium grayish brown,

e
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poorly consolidated, sandy mudstone, 85 feet (25.9 m) below top
of section. Univ. of N. Dak. acceasion number AZ559,

{(81) T132N-R87W-18ccb; about 7.25 miles {(11.7 %m) south of Leith,
soutpern Grant Co., N. Dak. North-facing cutbank exposure,

south (right) bank of Cannonball River. (U.S8.G.S. 7968 and
U.8.G.S, 8378)

(82) T132N-R88W-1ldda; about 6.5 miles (10.5 km) south of Leith,
southern Grant Co., N. Dak. East of bridge across Cannonball
River on road south of Leith. (U.5.G.S. 15998)

(83) #(6) TL32Y-RE88W.11lbbd; about 6 miles (9.7 km) south of
Leith, southern Grant Co., N. Dak. South-facing bluff exposure,
north side of Cannonball Eiver (about a mile north of the river).
Fogegils collected from dark gray, poorly-consclidated, sandy
mudstone and its contained dark gray limestone concretions in
riddle of section, and from poorly«consclidated, very fine to
fine-grained sandstone and its contained concretions in lower
part of section., Univ. of N. Dak. accesslon number AR562.

(84) *(7) TL32N-R88W-5dea; about 6.5 miles (10.5 km) scuth-
southwest of Leith, southern Grant Co., N. Dak., North-facing
cutbank exposure, south {right) bank of Cannonball River.
Fossils collected from dark gray, poorly-consclidated, sandy
mudstone in lowsr part of exposure.

(85) T132N-R8BW-5cab:y about 9 miles (14.5 km) southwest of Leith,
southern Grant Co., N. Dak., West bank of Cannonball River.
(U.8.G.5. 7961)

{(86) #*(B) T133N-R8EW-34iabe; about 6 miles (9.7 km) southwest of
Leith, southern Grant Co., H. Dak. HNorthwest-facing cutbank
exposure, east (right) bank of Cannonball River. Fessils
collected from lower part of light grayish green, poorly-
congelidated, very fine to f{ine-grained, clayey sandstone in
upper part of section, and from medium greenish gray concretions
Lelow in dark gray, poorly consocolidated, sandy mudstone.

(87) T133N-BB8W.ZAdce; about 5.25 miles (8.4 km) southwest of
Leith, southern Grant Co., N. Dak. West-facing cutbank exposure,
sast (left) bank of Cannonball Hiver, Fossils eollected fron
light grayish green, poorly-consolidated, fine-grained sandstone
near top of exposure.

(88) T1330-R88W-26chbb; about 5.25 miles (8.4 km}! southwest of

. Leith, southern Grant Co., N. Dak. West-facing cutbank exposure,
east (left) bank of Cannonball River. Fossils collected mainly
from light grayish green, poorly-consolidated, fine-grained
sandstone and its contained indurated lenticular sandstone, in
upper part of exposure; fossils also collected from dark gray,
pocrly-consolidated, sandy mudstone directly below.
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{ 74, {89) TI33N-RS8W-28dbd; about 6.5 miles (10.5 km) southwest of
Leith, southern Grant Co., N. Dak. OSouth and southwest-facing
cutbank exposure, north (left) bank of Cannonball River. Fossils
collected from medium to dark greenisn gray, poorly-consolidated
clayey sandstone in lower part of exposure.

75, (90) *($) T133H-R88W-28ced; about 6 miles (9.7 km) southwest of
Leith, southern Grant Co., N. Dak. HNorth-facing cutbank exposure,
south (right) bank of Cannonball River. Fossils collected from
almost throughout section, but occur mainly in dark grayish green,
poorly-consolidated, clayey, fine-grained sandstone in lower
middle part of section. Univ. of N. Dak. accession numbers

AZ553, AZ554.

76, {91) *{10) T133N-R88W.29dad: about 6.25 nmiles (10.1 km) southwest
of Leith, socuthern Grant Co., N. Dak. HNorth-facing cutbenk exposure,
south {right) bank of Cannonball River. Fossils ccllected from
dark grayish green, poorly-consolidated, clayey, fine-grained

; sandstone in lower part of exposure. Univ. of N. Dak. accession

i numbers A2555 and 42556.

77.  (92) #(11) TI133N-R88W.29dbb; about 6,25 miles (10.1 km) southwest
of Leith, southern Grant Co., N. Dak. South-scutheast-facing
cuthbank exposure, north (left} bank of Cannonball River. Fossils
collected from dark grayish green, poorly-censclidated, clayey,
fine-grained sandstone at about middle of section. Univ. of N. Dak.
accession numbers A2557 and AR558.

782, {93) TL33N-R88W-3Zab; about 6 miles (9.7 km) south of former
Kayser or probably about 7 miles (11.3 km) southwest of Leith,
southern Grant Co., N. Dak. ({U.S.G.S. 7965 and possibly U.5.G.S.
8377)

J 79. (94) T133N-R88W-31; about 6 miles (9.7 km) south of former Kayser
i or about B miles (12.9 km} southwest of Leith, scuthern Grant
Co., N. Dak. (U.3.G.3. 796%)

80. (95) T133N-R88W-29c; about 6 miles (9.7 km) south of former Kayser
or about 7.75 miles (12.5 km) southwest of Leith, southern Grant
Co., N, Dak, {(U.3.G.3. 8382)

: 81, (96) #{13) T133N-RB8W-29baa; about & miles (9.7 km) southwest
of Leith, southern Grant Co., N. Dak. West-facing cutbank
exposure, east (left) bank of Cannonball River, aboubt on sec.
line common to secs. 20 and 29. Fossils collected from mottled,
- light grayish green and dark gray, silty mudstone or siltstone

! in upper part of section.

82,  (97) T133N-R88W-17ccb; about 5 miles (8.0 km) southeast of
former Kayser or about 7 miles (11.3 km) west-southwest of Leitih,
i scuthern Grant Co., N. Dak., Bluff on Cannonball River.
(U.8.5.3. 7962)
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83, {98) #{15) T133N-R&%W-2bca; about 2.5 miles {4.0 km) south of
Elgin {and about 0.25 mile or 0.4 km north of Cannonball River),
southern Grant Co., N. Dak, Hoad-cud exposure on northeasi side
of gravel road. Fossils collected from light grayish green,
poorly-consclidated, very fine to fine-grained sandstone in
upper middle part of section.

84. (99) T130N-R88W.30cdd; about 7 miles {11.73 km) north of
Morristown {Corson Co., S. Dak.), southern Grant Co., N. Dak.
Top of bluff. {U.S.G.S. 8468)

85, (101) TI130N-R89W-Zlcce; about 23 miles (37 km) south of Elgin
{about 2 miles or 3.2 km north of Cedar Creek), southern Grant
Go., N. Dak. Hoad-cut exposure on east side of road.

86. {103) TI130N-R¥W-12a; avout 21 miles (33.8 km) scuth of Elgin
{also about 4 miles or 6./ km southwest of Pretty Rock Butte
and about 2 miles or 3.2 km north of Cedar Creek).

{(U.8.6.8. 7970)

87. (104) #{2) TLION-R90W-9%bd; about 11.25 miles {18.1 km) north
of Thunderhawk {(Corson Co., S. Dak.), soutkern Grant Co., N. Dak.
West-facing cutbank in pasture, east {left) bank of Timber Creek.
Fossils collected from medius grayish green, poorly-consolidated,
very fine to fine-grained sandstone at top of exposure and greenisn
gray sandy -mudstone at base of expesure. (U.3.G.8. 7969)
Univ. of N. Dak. accession numbers A2560, AZ561 and AR547, AR5.48

88. (105) TI130N-R9OW-21bbb; about 9.25 miles (14.9 km) north of
Thunderhawk {forson Co., &. Dak.), socuthern Grant Co., N. Dak.
Small road-cut exposure, east side of gravel road (0.25 mile or
0.4 km south of northwest cormer of sec. 21). Fossils collected
from both poorly~consclidated and well-indurated, gray, sandy
mudstone and underlying medium grayish green, poorly-congolidated,

i ,Mwwmwwfing:grainad sandstone.

{ 89. (106) TI30N-RYOW-32; about 7 miles {11.3 km) north of Thunderhawk
{Corson Co.S. Dak.), western Sioux Co., N. Dak. FRoad-cut
expogures onxﬁqth gides of road, on section line common to
secs. 32 and 33?\

\

90,  (107) TlEQHmR9OWJ§} sbout 6 miles (9.7 km) noerth of Thunderhawk

; (Cersen_(o., S. Dak.), western Siocux Co., N. Dak. Continuous

| ///<road~cut Ekpggure on' west side of road.

/ ~

91. - {109) T23§-RQBLEZ& I; about 11 miles (17.7 km) south of Reeder

\_ (Adams Co., N. Dak.), morthern Harding Cec., $. Dak., North-facing
cutbank exposure, south (Bght) bank of Nerth Fork Grand River,
-abeut on north-souty half secgtion line of sec. 24, Fossils
colléﬁ%ga\ﬁgemﬂpoany-consol{@ated, very fine-grained sandstone
(interbedded with dark gray mudstone}, about 35 feet (10.7 m)
above river level. (U.S.G.3. 7976)

.

/
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(110) TLZ9N-ROYW-3hcce; about 5 wiles (8 km) east-southeast of
Haley, Bowman Co., N. Dak. North bank of North Fork Grand River.
(U.5.G.5. 7974)

(111) T1298-R100W-22cbe; about 3 miles (4.8 km) west-northwest
of Haley, Bowman Co., N. Dak. South-facing hillside exposure
(south end of flat-topped hill). Fossils collected from light
greenish tan (probably weathered), poorly-consolidated, very
fine to fine-grained sandstone, about 6 feet (1.8 m) below

top of hill.

{112) T129-R100W-Zicc; 12 miles (19.3 km) south and 3.5 miles
(5.6 km) west of Scranton {or about 4 miles or 6.4 km west of
Haley}, Bowman Co., N. Dak. At quarter corner common to secs.
21 and 28. {(U.8.G.S5. 7975)

Van Alstine (1974, p. 13) fossil collecting locality 4, measured
section 3, Ti35K-~R105W-lad; about 17.9 miles (28.8 km} northe
northeast of Marmarth, Slope Co., N. Dak. East-facing cutbank
exposure, east side of Little Misscuri River.

(114} #(1) TL35N-R105W-10ced; about 15 miles (24.1 km} north-
northeast of Marmarth, Slope Co., N, Dak. Southwest«facing
hillside exposure, west side of Little Missouri River (about
3.5 mile or 0.8 km west of river) and east side of auto trail.
Fossils collected from brownish black shales directly above

2 foot (0.6 m) thick lignite in lower part of section and also
from brownish gray shale about 9.5 feet (2.9 m} above the same
lignite. Uniwv, of N. Dak. accession number AZ565.

Van Alstine (1974, p. 13) fossil collecting locality 5, measured
section 4, T135K-R105W-l4ca; about 14.4 miles {23.2 km) north-
northeast of Marmarth, Slope Co., H. Dak. Korthwesi-facing
cutbank exposure, east side of Little Missourl Kiver.

Univ. of N. Dak. accession number A2564.
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APPENDIY 1T

SUMMARY OF CANNONBALL FOSSIL LOGALITTES
EXAMINED FOR THIS STUDY

All localities in this appendix are shown in Fig. 2 by their
corresponding number. An explanation of the locality legal description

is given in Appendix I.

Locality 7

Fagb-facing roadeut exposure, west side of Highway 1806, T138N-R8lW-.13bda;
0.5 mile (0.8 km) northwest of mouth of Heart River and about 4.25

wiles (6.8 km) south of Manden, northeastern Morton Co., N, Dak.

Bite of measured section 29 (Cvancara 1965, p. 332-335). Univ. of

N. Dak. asccession number A2543, R. Lindholm, July 23, 1982. Fossils
collected from poorly-consolidated, fine-grained sandstone at top

of exposurs.
Area of Collection: Approximately 323 sq feet (30 sg m)

Rock samples: 74, collected from sandstone 18.0 feet (5.5 m)
‘ below top of exposure
7B, collected from sandstone 3.3 feet (1.0 m)
below top of exposure
¢ 7C, collected from nonfossiliferous mudstone at
base of exposure

Roeck color:

Weathered: Pale yellowish orange (10 YR &/&)
Fresh: Dark yellowish orange (10 ¥R 6/6)

Gollecting time: 3 hours

Locality 16

89uth-fa&ing"rﬁad-cﬁ% exposure, north side U.B. Highway 10 and north
side of Heart River, T139N-R82W-23dda; 4.7 miles (7.5 km) west-northwest




148

j 7 center Mandan, northeastern Morien Co., B. Dek., 5ite of measured

section 31 (Cvancara 1965, p. 342-345)., Univ. of N. Dak, accession
number 42549, A. M. Cvancara, July 29, 1979, and ééiﬁ@, 7. Lingdholm,
August 1, 1982. Fossils collected from sandy mudsione near base of

exposuTe,

Area of Collection: Height: 10.2 feet (3.1 m}
Length: 142.7 feet (43.5 m)

Area: 1,455.5% sq £t (135.0 sq m)

Rock samples: . 164, collected 2.6 feet (0.8 m) above base of unit
16B, collected 9.8 feet (2.0 u) above base of unit
Rock color:s .
Weathered: Light olive gray (5 Y 6/1) ]
Fresh: Brownish gray to olive gray (5 YR 4/1 to 5 ¥ 4/1)

Collecting time: AZ54%, Z0 minutes
AZ550, 2 hours

Locality 22
South-facing cutbank exposure, north bank of Heart River, T138N-R83W-10ddas;
approximately 3.5 miles (5.6 km) south-southeast of Sweet Briar or
about 12 miles (19.3 ka) west-southwest of Mandan, northeastern
Morton County, N. Dak. Site of measured section 30 (Cvancara 1965,
p. 335-342). Univ, of N. Dak. accession number AR563, R. Lindholm,
September 5, 1982. Fosslls collected from muddy green, fine-grained
sandstone in upper part of poorly«consolidated sandstone near middle

part of section.

Area of Collection: Height: 4.9 feet (1.5 m)
Length: 43.6 feet  (13.3 m)
Area: 213.8 sg ft (20 sq =z)
Rock sample: 22, collected 3.3 feet (1.0 m) above base of

fosgllifercus green sand unit

Rm?c@ﬁm

Weathered: Yellowish gray (5 Y 7/2)
Fresh: Olive gray (5 Y 3/2)

Collecting time: 1.5 hour
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Logality 24

West-facing road-cut expesure on east side of gravel road,
T136N-R82W~18bbe; 6.75 miles (10.9 km) west-southwest of Si. Anthony,
gouthern Morton County, N. Dak. Univ. of N. Dak., accession numbers
42544 and A2551, A, M, Cvancara, July 21, 1979 and A2545 and A2552,
R. Lindholm, July 22, 1982. Fossils collected from muddy sandstone
at bage of exposure (AR551 and A2552) and from clean sandstons in
upper part of exposure (A2544 and A2545).
Area of Collection: AR544 and A2545: 1,528 sq feet {142 sq wm)

A2551 and AR552: 538 sq. feet (50 sq m)

Rock samples: 248, collected from muddy sandstone 1.6 feet (0.5 m)
above ground level
248, collected from clean sandstone 3.3 feet (1.0 w)
above confact with underlying muddy sandstone unit

Rock colors

42544 and AZ545: Weathered: Pale yellowlish orange to dark yellowish
orange (10 YR 8/6 to 10 ¥R 6/6)
Fresh: Moderate yellowish brown (10 YR 5/4)
A255) and AR552: Weathered: Yellowish gray to light olive gray
(5 Y 7/2 to 5 Y 5/2)
Fresh: Light olive gray to grayish brown
(5 Y 5/2 to 5 ¥R 3/2)

Collecting time: AR544 and AR551, 30 minutes
A2545 and AR552, 3.5 hours
Locality 33

Northeast-facing exposure in pasture on south side of N. Dak. Highway

21, T135N-R82W~3baab; 0.2 mile (0.3 km) west of junction of N. Dak.
Highways 21 and 6, approximately 6 miles (10 km) north of Breien, southern
Morton Co., N. Dak. 8ite of measured section 23 {Cvancara, 1965,

p. 315-317). Univ. of N. Dak, accession number A2546, R. Lindholm,

August 2, 1982, Fosgsils collected from sandstone unit exposed in pasturs.
Area of Collection: 1,303.5 ag feet (121.0 sg m)
Rock sample: 23, collected 7.5 feet (2.3 m) above base of unit

Hock color:

Weathered: Pale vellowish orange to grayish yellow (10 YR 8/5
to 5 Y 8/4)
Fresh: Moderate yellowish brown (10 TR 5/4)

Collecting time: 3 hours
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Zagt-facing cutbank exposurs, wesh bank of former chanmel of Canmonball
River, T132N-R87W-19bbd; approximately 7.75 miles (12.5 kmj south of
Leith, southern Grant Co., N. Dak. Site of measured section 5 (Cvancara,
1965, p. 267-270). Univ. of N. Dak accession number A2559, R. Lindholm
and ‘A. M. Cvancara, July 20, 1982, Fossils collected from muddy sandsione
approximately 60 feet (18 m) above level of former channel of Cannon-
ball River.
Hote: Due to the deteriorated condition of the bivalve Isognomon

{the only macrofogsil observed), no quantitative collection

was attempted., Instead, shells were counted using a line-
intercept method.

Shell concentration: 34/ 16.4 foot (5 m} exposure, or approximatély
2 shells / foot {7 shells / m) I{upper zone)
17 / 16.4 foot (5 m) exposure, or approximately
1 shell / foot (3.4 shells / m) {lower zone)

Rock sample: 65, collected 0.8 feet {(0.25 m) above base of contact
between Isognomon sand and underlying sandstone.

Rook color:

Weathered: Light olive gray to yellowish gray (5 Y 5/2 to 5 ¥ 7/2)
Fresh: Brownish black to olive black (5 YR 2/1 10 5 ¥ 2/1)

Locality é§

South-facing bluff exposure, north side of Cannonball Hiver
(approximately 0.8 kam north of river), T132N-R88W-11lbbd;: approxi-
mtely & miles {9.7 km} south of Leith, southern Morton Co., N. Dak.
Site of measured section 6 (Cvancara 1965, p. 270-273). Univ. of

. Dak. accession number AZ562, R. Lindholm. September 5, 1982.
Fossils oceur in mierite concretions in upper part of mudstone unit
in middle of section.

Hote: Ho guantitative collection was made. Samples of the limestone

coneretions were collected 2 feet (0.6 m) bhelow contact
with overlying sandstoune.

Rock sample: 68, collected 2.0 feet (0.6 m) below contact with
overlying sandstone (rock enclosing limestone concre-
tions)
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Locality 75

Horth-facing eutbank exposure, south bank of Cannonball River,
T133N-R88W-28ced; approximately 6 miles (10 km} southwest of Leith,
southern Grant Co., N, Dak. Site of measured section % (Cvancara,
1965, p. 277-280). Univ, of N. Dak. accession number A2553, A, M.
Cvancara, July 24, 1979, and A2554, R. Lindholm, August 3, 1982,
Fosgils eollected fronm ﬁudﬁy sandstone approximately 14.8 feet

(4.5 m) above base level of Cannonball Kiver.

Area of Collection: Height: 4.2 feet (1.3 m)
Length: 11.5 feet (3.5 »
Aren 49.5 ag £t {4.6 sq m)

Rock sample: 75, collected 16.4 feet (5.0 m) above base level of
Cannonball Hiver

Rock color:

Weathered: Light olive gray (5 ¥ 6/1)
Fresh: Olive gray (5 Y 4/1)

Collecting timer AZ2353, 1 hour
AZ554, 1 hour
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Locality 76
North-facing cutbank =xposure, south bank of Cannonball River,
T133K-E88W-29dad; approximately 6 miles {10 %m) southwest of Leith,
southern Grant Co., N. Dak. Site of measured section 10 {Cvancara,
1965, p. 280-283). Univ. of N. Dak. accession number AZ2555, A. M.
Uvancara, July 24, 1979, and AZ556, R, Lindholwm and A, M. Cvancara,
dJuly 20, 1982, Fossils collected from muddy sandstone approximately
14.1 feet (4.3 m) above level of Cannonball Fiver.

drea of Tollestion:

1} Height: 6.6 feet (2.0 m) (average of 2 meagures)
Length: 35.5 feet {29.1 m)

Arear 630.3 sg £t (58.2 sq m)

2} Height: 5.9 feet (1.8 m) (average of 2 measures)
Length: 34.4 feet {10.5 m)

Area: 203.0 sq ft (18.9 sq m)
TCTAL ARFA: 833.3 sg ft {77.1 sq m)

Fock samples: 764, collected 1.6 feet (0.5 m) below top of
fogsiliferous zone
76B, collected 1,6 feet (C.5 m) above botbtom of

fossiliferous zone .
Rock color: -‘\K
Weathered: TYellowish gray to light gray (53 Y 7/2 to 5 ¥ 6/1) -
Fresh: Clive gray (5 Y 4/1)

Collecting time: AZ555, 1 hour
42556, 1.5 hours, 2 people

¥

wocality 77
South-southeast~facing cutbank exposure, north bank of Cannonball
River, T133N-R88W-29dbb; approximately € miles {10 km) southeast of
center Leith, southern Grant Co., N. Dak. 8Site of measured section
11 {Cvancara, 1965, p. 283-285). Univ. of N. Dak. accession nupber
A2557, A. M. Cvancara, July 24, 1979, and A2558, R. Lindholm, August
3, 1982. Fossils collected from 2 muddy sandstone approximately 9.8

feet (3.0 m) 2bove base level of Zannonball River.
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. Area of Collsetion: Helignt: 3.3 feet (1.0 n)
Length: 375,0 feet {114.3 m)

Area: 1,237.5 sq £t  (114.3 sq m)

Rock sample: 77, collected 2.1 feet (0.4 m) above base of fossili-
ferous unit

Hock colors
Weathered: Light olive gray (5 Y 4/1)
Fresh: Olive gray (5 Y 4/1)

Collecting time: AR2557, 25 minutes
A2558, 2 hours

Loecality 87
West-facing cutbank exposure, east bank of Timgber Oreek,
T130N-R90W-9bbd; 0.2 mile (0.3 km) south of norinwest corner sec.
9, approximetely 11 miles (18 km) north of Thunderhawk (Corson Co.,

3. Dak.), southern Grant GCo., W. Dak. Site of measured section 2

‘ (Cvancara, 1965, p. 257-259), Univ. of N, Dak. accession numbers
AR547 and A2560, A. M. Cvancara, July 25, 1979, and A2548 and 42561,
R. Lindholm, ﬁﬁgusé 4, 1982, Fogsils collected from mudstone at
base of exposure (42560 and A2561) and from sandstone at top of
exposure (A2547 and A2548).

Ares of Collection:r

1)} HMudstone: Height: 4.3 feet (1.3 m)
Length: 95.1 fset (29.0 =)

Area:  408.9 sq £t (37.7 sqg n)

2) Sandstone: Height: 4.9 feet (1.5 m)
i Length: 83,7 feet {25.5 m)

Area:  410.1 sg £t {(328.3 sq m)

Rock samples: 874, collected frem sandstons 12.5 feet (3.8 u) above
contact with underlying mudsitone unit
878, ccllecied from mudstone 4.3 feet (1.3 n) above
base of exposure

Rock color: Mudstone:

Weathered: Olive gray (5 Y 4/1)
Fresh: Yellowish gray (5 ¥ 7/2)




IR — -

Sandstone:

Weathered: Pale yellowish orange to dark yellowish orange
(10 YR 8/6 to 10 YR 6/6)

Fresh: Dark yellowish orange te light brown (10 IR 6/6 to
5 YR 5/6)

Collecting time: 42547 and 42560, 55 minutes
AZ548 and A2561, 1.5 heurs

Locality 96

Southwest-facing hillside exposure, wesit side of Little Missouri River

(0.5 mile or 0.8 km west of river), TL35N-R105W-10ced; approximately

15 miles (24 km) northenortheast of Marmarth, Slope Co., N. Dak.

Site of measured secticn 1 (Cvancara, 1965, p. 250-257) and upper

cne-half of measured section 1 {Van Alstine, 1974, p. 71-77).

Tniv. of N. Dek. accession number A2565. TFossils collected from

midstone approximately 29.5 feet (9.0 m} from base of exposure and

everlying first lignite (approximately 2.3 feet or 0.7 m thick)

from base.

Note: Due to the extremely high concentration of the oyster Crassostres
in pods 2nd disconiinuocus beds, and due to the deteriorated
condition of the shells, the quadrat method was utilized to
determine an average areal abundance.

Concentration of Shells: (Count taken from an oyster pod)

1 sq m: 153 single shells = 76 specimens
{Count. taken from an oyster bed)
1 sq m: 196 single shells = 98 specimens

9.5 feet (2.9 m) above underlying lignite, the bivalves Corbula and
Corbicula were collscted.

Area of Collection: Height: 11.5 fest (3.5 m)
Length: 57.4 feet  (17.5 m)

Area: 660.1 sq £t (61.3 sq m)

Rock samples: 964, collected 0.5 feet (0.2 m) above lignite bed
968, collected 1.3 fest (0.4 m) above lignite bed
960, collected from surface where Corbula and Corbicula

gcour
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Rock color:

_Rocks enclogting fhe oyster pods and beds:
Weathered: Dark gray (N 3)
Fresh: Dark gray to black (N 2 to ¥ 1)

erbula~00rb§§ula rocks:

Weathered: Yellowish gray to light olive gray (5 ¥ 8/1 teo
59 6/1)
Fresh: Brownish Bblack {5 ¥R 2/1)

Locality 37
forthwest-facing cutbank exposure, eact side of Little Misgouri River,
T135N-R10SW-14ca; approximately 14 miles (23 km) north-northeast of
Marmarth, Slope Co., N, Dak. Site of measured section 4 (Van Alstine,
1974, p. 86-89). Univ. of N. Dak. accession number A2564, R. Lindholm
and A. M. Cvancara, July 21, 1982, Tossils collected above T Cross

lignite near base of exposure.

Area of Collection: Height: 3.6 feet (1.1 m)
) Length: 28,0 feet (6.1 mj
Aresa: 72.0 sq £t (6.7 sg m)

Rock samples: 974, collected 0.7 feet (0.2 m) above T Cross lignite
97B, collected 2.6 feet (0.8 m) above T Cross lignite
97C, collected 4.3 feet (1.3 n) above T Cross lignite

-Rock eolor:

Weathered: Light olive gray (5 Y 6/1)
Fresh: Dark gray to black (¥ 3 to N 1)

CGollecting time: 0.5 hour, 2 peopls
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APPENDIX III

MACROFOSEIL COUNTS FROM FOSSIL LOCALITTES
' EXAMINED FOR THIS STUDY

Localitlies are described in detail in Appendix II and shown

in Fig., 2 .

s o R e )




MACROFOBSIL COUNTS FROM SAMPLED LOCALITIES

Locality No, 7 16 16 22 24 24 24 24 33 65 68

Univ. of N, Dak. Accession No. 42543 AR5.9 AR550 AR563  AR551 ARs52 A2544  AR545 A2546  A255G AZE62

1. Hucula planomarginata 2 ‘ L4 2
2. Cucuilaea solepensis
3. Glycymeris subimbricata 6 Lt 3t
4. Iscgnomon 1lloydi #
5. Crassostrea glabra
6. Ostrea sp.
7. Codakis? {Claibozgiﬁes} *§
cedrensis =
8. Crassgatella evansi + ‘g
9. Arctica ovata 34 2 2t + 1+ 3+ 8+ 5 Lt "§‘
10. Corbicula berthoudi 3
11, JDosiniopsis deweyi & 1 + 14 24 2 1 z
12, Corbula (Bicorbula) ﬁ
subtripgonalis kL
13, Caestocorbulae 1 1 fg
sinistrircsgtella o
14. Periploma sp. if
15, Gastropods + + 4 7 2 9+ 54 =
16. Shark teeth 4
17. Corals 6 10

18. Uphiomorphe X

LT



75 75 76 76 77 77 87 87 87 87 96 97

A<553 AR2554 A2555 A2556 AR557 AR558 A2547 AZGLR AZ560  A2561 AZ565 AR56)

33

1 X4 i+ 14
#
33
3
1+ 1+ 4 4t <t 1 1
34 + +
53 6 o
[$2]
6
21 12
1 2 1
7 1
®HI154  KHE]E HEQLT4 H¥]D44 R0+ 1T B4 EEELIE RARGS
1
2 3 4 4

Present, areal counts are given in Appendix II
Primarily Aporrbaidae

Primerily Turritellidae

Fragmentd common

Present but not counted
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APPENDIX 1V

LOCALITIES OF MEASURED SECTIONS
: USED IN FIG. 16

| The locality descriptions in this appendix correspond to the
measured sections in Fig. 16. All sections are frow Cvancara (1965),

! A detailed description of the measured sections is given by

Cvancara (1965, Appendix A),.

r (1) West-facing cutbank exposure, east bank of Timber Creek,
T13ON-R90W-9bbd; 0.2 mile (0.3 km) south of norbthwest corner
sec. 9, approximately 11 miles (18 km) north of Thunderhawk
(Corson Co., S, Dak.), southern Grant Co., N. Dak. Site of
measured section 2 (Cvancara, 1965, p. 257-259).

{2) West-facing ¢liff and cutbank egxpasure, east side of Cannonball
River, T132N-R87W-36c; 11.5 miles (18.5 km) southeast of Leith,
southern Grant Co., N. Dak. Site of measured section 3
(Cvancara, 1965, p. 259-264).

(3} East-facing cutbank exposure, west bank of former channel of

Cannonball River, RIZZN-R87W-19tbd: approximately 7.75 miles
{ (12.5 km) south of Leith, southern Grant Co., N. Dak. 8ite
| of measured section 5 (Cvancara, 1965, p. 267-270).

(4) Composite section; upper one half measured on south end of small

 hill, east side of north-south trending "mesa," T132N-R87W-9b;
about 6.5 miles (10.5 km) south-southeast of Leith, southern
Grant Co., N. Dak. Site of measured section 4 {Cvancara, 1965,
p. 264-267}; lower one-half of section measured on south-facing
bluff exposure, north side of Cannonball River {about C.5 mile
or 0.8 km north of river), T1328-R88W-1lbbd: approximately
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6 miles {9.7 km) south of Leith, scuthern Morton Co., N. Dak.

Hite of measured section 6 (Cvancara, 1965, p. 270-273).

(5} Northwestefacing cutbank exposure, east (right) bank of Cannonball
River, T133N-R88W~34abc; approximstely 6 miles (9.7 km) southwest
of Leith, southern Grant Co,, K. Dzk. Site of measured section
8 (Cvaneara, 1965, p. 275-277).

{(€) North-facing cutbank exgosure, south bank of Cannonball River,
T133N-R88W-28ccd; 2bout 6 miles (9.7 km) southwest of Leith,
! gouthern Grant Co., N. Dak., Site of measured section 9
l (Cvancara, 1965, p. 277-280).

(7) North-facing cutbank exposure, socuth bank of Cannonball River,
TL33N-RE8W-2%dad; about 6.25 miles (10,1 km} southwest of Leith,
~i soutnern Grant Lo., N. Dak. Site of measured section 10
Cvancara, 1965, p. 280-283).

(8) Section {(top) begins at top of north-facing bluff on south side
of Cannontall River, continues downward to east and terminates
at low cutbank exposure on east bank of Cannonball River,
TL3W-RESW-32; about 6.75 miles (10.9 km) southwest of Leith,
southern Grant Co., N. Dek. &ite of measured section 12

E (Cvancara, 1965, p. 285.288).

{9} South-southeast-facing cubbank exposure, north bank of Cannonball
River, T133N-RBEW-29dbb; about 6.25 miles {10.1 km)} southwest
of Leith, scuthern Grant Co., N. Dak. Site of measured section 11

( Cvancara, 1905, p. 283.28%

(10) Composite section; upper one-nalf reasured on west-facing nill
exposure, T136N-R86W-17¢; about 9.75 miles {15.7 km) south of Almont
{western Morton County) or 11.75 miles {18.9% km) north-northeast
of Carson, northern Grant fo., N. Dek., Site of measured section
17 (Cvancara, 1965, p. 297-299); lower one-half measured on
wast-facing cutbank exposure, sast bank of the Heart River,
T136N-R86W-21aab; about 10 miles {16.1 km) scuth of Almont

{northwestern Morton Co.) or sboub 12 miles {19.3 km) north-

noritheast of Carson, northern Grant Co,, N. sk, Site of

measured section 18 (Cvancara, 1965, p. 299-304).
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(12)

(13}

(14)

(15}
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South-southwest facing, partially grass-covered hill exposure

in pasture, T135N-R83W-21d; about 2 miles (3.2 km) southwest

of Fallon {(or about & miles or 9.7 km east-northeast of Flasher),
southern Morton Ce., N. Dak. 3Site of messured section 20
(Cvaneara, 1965, p. 307-310).

Road-cut exposure (both sides of earth road) in upper part
of section, bluff exposure in lower part of section,
T136N-R79%-8c; about 1 mile (1.6 km) south of Huff, southern
Morten Ceo., N. Dak, 32ite of measured section 28 (Cvancara,
1965, p. 327-332).

East-facing, steep road-cul exposure, west side of Highway
1806, TL38N-R31W-13bda: about 4.25 miles (6.8 kxm) south of
Mandan, northeaztern Morton Co., N. Dak. 3Site of measursd
section 29 {Cvancara, 1965, p. 332-335).

High road-cut exposure {slide area), north side of U.S. Highway
10, T139N-R82W-23dda; 4.65 miles (7.5 km) west of railway
station, center of Mandan, northeastern Morton Co., HN. Dak.
Site of measured section 31 {Cvancara, 1965, p. 342-345).

South~facing cutbank exposure, north bank of Heart River,
T138N-R83W-10dda; about 12 miles {(19.3 km)} west-southwest
of Mandan, northeastern Morton Co., ¥, Dak, Site of
peasured section 30 (Cvancara, 1965, 335-342).
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APPENDIX V

SYSTEMATIC PALEONTQLOGY: A REVIEW

p—

The bivalve systematic paleontology of the Cannonball Feormation

has been well documented by Cvancara (1965, 1956), and my study did

R

rnot include an extensive review of their classification. However,
when applying palevecology, it is important that the organisms used
are properly ldentified and consistent with current nomenclature,
] The meost inclusive and probably the most accepted compilation of
hivalve taxonomy is the Treatise on Invertebrate Paleontology,
Mollusca {Cox et al., 1969, Stenzel, 197L). Because these volumes
were published after Cvancara (1966), all genera were updated following
this source, When applicable, additional current literature was
uszed.

This review presents any nomenclatorial changes and revisions
I felt were necessary since Cvancara (1966}, Many bivalves required
no taxonowmie change, This review does not deal in depth with
gynomony lists or bivalve descriptions because, for the most part,
these have not changed and can be determined by referring to Cvancara
{1966). 1In addition, Speden (1970) described the bivalves from the
Late Cretaceous Fox Hills Formation, some of which also ogeur in

the Cannonball Formation.
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Phylum Mollusca
Class Bivalvia
Crder Nuculoida
Superfémiiy Nuculaces
Family Nuculidae
Genus Nucula

Nucula plancmarzinata Meek and Hayden

This species was identified by Cvancara (1966, p. 293} as

Nuculs (Nucula) planimerginata. Although the GCammonball form

exhibits morphological features characteristic of the genus, Cvancara
expressed (p. 294) some reservation in placing the species in Huculsa

gensu stricto based on the lack of a c¢renulate inner margin and the

ill~defined external radial ornamentation. His disgnosis was from
Schenck {1934, p. 46}, who included forms having both crenulate and
non-crenulate inmer margigs in the subgenus Rucula.
Cox et al, (1969, p. N231) did not list the presence or absence
of a crenulate inner margin as diagnostic for the genus. However,
| those forms placed in the subgenus Nucula do possess both radial ribs

and a crenulats inner margin. The Cannonball form should, therefore,

[N

be removed from this subgenus.
The inconsistency in spelling in the trivial name of this zpecles
has resulted in confusion. The original spelling by Meelk and Hayden

(1856b, p. 85) wasg planomarginata. Later, Meek (1876, p. 101)

unforfunately listed N. planiparpginata as the original spelling in

the synonymies. However, because no explanation or statement of the
intent of the name change is ever given, the change is considered the
result of an unintenticnal spelling error. Thus, the original spelliing

will be used here,

“
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These changes are in agreement with the work of Speden (1970,
pP- 31) who placed the Cannonball form as a synonym of Nucula

plancmarginata Meek and Hayden from the Fox Hills Formation.

Superfamily Nuculanacea
Family Nuculanidae
Genus Nuculana

Nuculana evansi (Meek and Hayden)

This species was assigned to Neilonella evansi (Meek and Hayden)?

by Cvancara (1966, p. 297) on the basis of a groove under the beaks for
the recepﬁion of an external ligament. Cvancara (1966) followed
Yonge (1939), who placed Neilonella in the Nuculanidae. Cox et al.
(1969,'p. N235) effectively included Neilonella in the Malletiidae
when they indicated that Neilonella is a synonym of the genus
Saturnia, Usiﬁg this classification, the Cannonball species must
be removed from this latter genus because forms of the Malletiidae
! lack a resilifer and possess a predominently external ligament. 1In
addition, Saturnia is characterized by a thick shell and strong
external sculpture, neither of which are present on the Cannonball

species.

e i

The Cannonball form is characteristic of genera in the
Nuculanidae, and should be assigned to the genus Nuculana on the
basis of a narrow ligament pit, concentric sculpture, and shell
outline (Cox et al., 1969, p. N235).

Sﬁeden (1970, p. 36) considered the Cannonball form a synonym

of Nuculana (Jupiteria) scitula (Meek and Hayden). The two forms

appear similar in many external and internal characteristics although
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the Cannonball form nas a much smaller resilifer. Bscause N. evansi
is rare in the Cannonball and only several poorly preserved specimens
are available for inspection, it is impossible to ascertain any other
differences. At this point, it would be premature to concur with
Speden {1970} on this assignment without additional study of both

forms.

Nuculans mansfieldi {(Stanton)

o change 1s necesssary.

Order Solemyoida
Superfamily Solemyacea
Family Solemyidae

Genus Solemya
Solemya biiix White

This Speciés is very rare in the Cannonball, Cvancara {1966,
p. 302) placed it in Solemya, but with uncertainty, due to inadequate
material and lack of knowledge of internal characters., Because no
acdditional specimens were found or examined in this study, no refine-

ment of this assignment can be made.

Order Arcoida
Superfamily Arcaces
Family Cucullaeidas

Genus Cucullaea

Cucullaea solenensis Stanton

No change is necessary.
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Superfamily Limopsacea
i
Family Glycymerididae

Genus Glycymeris

Glyeymeris subimbricata {Meek and Hayden)

No change 18 necessary.
Order Pteriocida
Suborder Pteriina
Superfamily Pieriacea
Family Pteriidas
Genus Pleria

Pteria linguseformis {Evans and Shumard)

N¢ change 18 necessary.

Family Isognomonidae

Genus Isognomen

Ispgnomon lloydi {Stanton)

Ho change is necessary.
Suborder Ostreina

Superfamily Ostreacea

Family Ostreidae
Genus Crassostrea

Cragsostrea glabra {(Meek and Hayden)

Some confusion remains regarding the trivial name of this species.

The oysters in the upper Cannonball tongue were initially all placed

by ¥. W. Stanton in the species Ogtrea gubtrigonalis Evans and Shumard

(Leonard, 1908, p. 49}, The confusion started when Stanton (1910,

p. 183} changed his mind and referred the Cannonball oysters to two
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species, Ustrea subtrigonalis and Ostrea glabra, Meek (1876,

p. 509-510, Pl. 40, Figs. la-d, 2a-d) had described and illustrated
both of these forms and Cvancara {1966, p. 322) pointed ocut that

D. gubtrigonalis is swmaller, more arcuate, and possesses a less convex

left valve than the Cannonball oysters. COvancara suggested, therefore,
that Q. subfrigonalis is not represented in the Cannonball and thus

assigned the Cannonball species to "Ostrea" glabra Meek and Hayden.

Cvancara (1966, p. 321) further placed this species in the
genus Crasgogtrea because of the elongate shape, deep left valve,
recess under the hings, and position of the muscle scars.

After study of the Fox Hills oysters, Speden (1970, p. 94)

considered (rassostrea glabrsa and Crassostrea subtrisomalis inter-

gradational and placed Crasscstrea glabra in synonomy with Crassegstrea

gubtrigonalis.. The Cannonball specles, however, appears morphologi-

cally different from Crasgostrea subtrigonalis. Of primary importance

is the presence of up to 20 hollow denticles on either side of the
ligament on the inner dorsal margin of the right valve of the Fox
Hills species. These denticles, or chomata, are not present on
Cannonball forms. According te Stenzel (1971, p. N1129), the genus
Crasscshtrea disgnostically lacks chomata. HNot only, therefore, do
the Fox Hills and Cannonbsll forms belong to different specles, out,
they may alsoc have different gensric assignments. The assignment of

this species to Crassogtrea glabra will therefore bte retained.

Genus QOstres
Cstrea sp.

This form was first reported in the Cannonball by Van Alstine

(1974} who questionably assigned it to Jstrea on the basis of its
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tear-drop shape, shallow umbonal cavity, and the presence of chomsta.
The lack of wellwpreserved material prohibited Van Alstine from
determining the adductor-muscle scar shape and position, and, & more
positive identification could not be made. Neither did specimens
collected for my study provide the observation of these characters,
However, on the basis of cbservahle morphelogical features, especially
the presence of chomata, the assignment of this form te Ustrea

appears accurate and will not be questioned in this study.

drder Veneroida
Superfamily Lucinacea

Family Lucinidae

Genus Codakia

Codakia? (Claibornites) cedrensis (Stanton)

Following Chaven (1937), the Cannonball lucinoid was provisionally

placed in Miltha (Plastomiltha) gedrensis by Cvancara (1966, p. 33i-

337), although he noted {p. 336) that the Cannonball form did not fit
with certainty into any member of Chavan's classification. This
assignment was provisional because, according to this classification,
lateral teeth, present on the Cannonball species, are lacking in the
subgenus Plastomiliha.

The Fox Hills Formation contains & species very similar Lo the
Cannonball form. Morphological features and ninge characters appear
almost identical. Speden (1970, p. 103) tentatively referred this
species to Zpilucina (following Chavan, 1937, who considered Epilucina

a subgenus of Jodakia and synonymized it with Claibornites). He

also noted (p. 103) inconsistencies with this assignment, primarily
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weak posterior laterals posterodorsally above the end of the sunken
ligament inlcontrast to the stronger posteroventral laterals diagnostic
of Epilucing.

Following the most recent monographic study of the Lucinidae
by Bretsky (1976}, and Cox et al. (1969, p. N502), the Cannonball
species shouid be removed from the zenus Miltha because of its lack
of a long anterior adductor scar and the presence of laterals.

Bretsky (1976, p. 238-239) discussed the Fox Hills-Cannonball

form and noted that it differs from Codakia sensu ghricto in lacking

radial sculpture, having 2 more rounded shell, and & straighter
anterior adductor muscle scar. However, these featurss are characier-

istiec of Claibornites, which she tentatively assigned as a subgenus

of Codakia. ©Ohe further considered the subgenus (laibornites an early

branch of the Codakia lineage and the Fox Hills-Canncnball species as
possibly the earliest representative of (Claiborpites. This would acecount
for the minor incongistent characters that indicate this form may
belong to a distinet group.

Comparison of the Cannonball spscies with Codakia (Claibornites)
sympetrica (illustrated by Bretsky, 1976, p. 287-288, Fl. 32, Figs.
8-10), does reveal similar morphological {(both external and internal)

characters., The only notable difference is a longer, narrower anterior

adductor scar In G. symmegirica.
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Superfamily Crassatellacea
Femily Crassatelliidae
Genua Cragsatella
Grassatella evansi Hall and Meek

Ro change is necessary.

Superfamily Arcticacea
Family Arcticidae
Genus Axctica

Arctica gvata (Meek and Hayden)

Neo change is necessary.
Superfamily Corbiculacea
' Family Corbiculidae

Genus Corbicula

Corbicula berthoudi White
This species 1s common in the Cannonball tongues where specimens
are numercus but poorly preserved, In addition, several rare specimens
have alsc been reported from southwest-central North Dakota.
Cvancars (1966, p. 326-327) assigned the rare specimens collected

in southwest-central North Dakeota to Corbiculas berthoudi based on an

incomplete, but fairly well-preserved left and right valve. Although
apparently similar in shape and overall proportions, Cvancara {1966,
p. 328-329) designated specimens from the Cannonball tongues as
Corbicula ef. C. ber%houdi.becanse not all morphological characters
caﬁld be seen on his studied specimens. Van Alstine (1974, p. 46)
collected and cescribed specimens from the tongues that display

internal and external morpholegical features not apparent on those
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Cvancara studied. Van Alstine placed the specimens he collected in

Corbicula berthoudi and placed Corbicula of. C. berthoudi in synonomy with

. berthoudi.

Specimens collected for my study are from the Cannonball tongues
and appear (although poorly preserved) similar to Van Alstine's
designated hypotypes of this speclies; his azsignment will therefore

be followed here. No additional specimens of Corbicula berthoudi

from non-tongue lithology have been found.

Superfamily Veneracea
Fapily Veneridae
Genus Doginiopsis

Dosiniopsis deweyi (Meek and Hayden)

No change is necessary.

Superfamily Myacez
Family Corbulidae
(renug Corbule

Corbula (Bicorbula) subtrigonalis {(Meek and Hayden)

{ Cvancara {1966, p. 343) chose to use Bicorbula as the generic

name and assigned the species to Bicorbula subirigonalis although he

gtated it could alse have besn treated as a subgenus of Cerbula.
Van Alstine {1974, p. 47) followed the diagnosis of Cox et al. (1969,
p. N692), who did not recognize Bicorbula as a distinet genus, and

placed the species in Corbula {Bicorbula) subtrigomalis. Following

Cox et al. {1969), this designetion is being retained.
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Corbula mactriformis (Meek and Hayden)

Cyancara (1966, p. 345) placed this form in Bigorbula maciriformis

following Vokes (1945). According to Vekes' revision of corbulids, the
Cannonball species differs from true Corbula in possessing a chondro-
phore and lacking a posterior cardinal tooth on the left valve and a
posterior lateral tooth on the right valve. As discussed in regard to

Corbula (Bicorbula} subtrigonalis, Cox et al. (1969} did not recognize

Bicorbulg as a distinct genus bul treated it as a subgenus of Corbula.

Further, they diagnosed the subgenus as a large form. Moreover, they
applied the restrictions used by Vokes (1945) to those forms belonging
to the subgenus (orbuia, bub not at the generic level. Following

Cox et al. (1969), this species should be placed in the genus Jorbula,
and because the Cannonball form is small, not diagnostic of the subgenus

Bicorbula, this subgenus will neot be used,

Genus Caestocorbula

Caestocorbula sinistrirostella Cvancara

No change 18 necesgsary.

Superfamily Hiatellacea
Family Hiatellidse
Genus Panopes
Panopea? of. P. giloulatrix Whiteaves
This form is very rare inlthe Caﬁhenbail Formation., Initially,
Stanton {1920, p. 32) questionably referred the Cannonball specimen

to Panope simnlatrix Whiteaves. Because the hinge and internal

characters are unknown, Cvancara (1966, p. 343) preferred only to

e ————
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indicate a cowmparison with the species. Additional specimens have
net been found, and the hinge and intermal characters remain unknown.

Therefore, no taxopomic refinement can be made at this time.

Order Pholadomyoida
Superfamily Pandoracea
Family Periplomatidae
Genus Periploms
Periploma sp.

Periploma sp., a rare Cannonbegll form, was first reported by
‘Cvancara (1966, p. 355). However, due to the paucity and imcomplete-
ness of material, he withheld a trivial name. Speden (1970, p. 149%)
placed Periploma sp. in synonomy with the Fox Hills spescies Periploma
subgracile (Whitfield}, Unfortunately, this species is also rare in
the Fox Hills Fermation, and the comparison was evidently made on very
little material. Although the forms appear similar, until additionsl
Cannonball and Fox Hills specimens are collected and studied

(especially hinge characters}, it is premature to assipgn the Cannon-

ball form to this species.
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