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INTRODUCTION

Qutside the esoteric field of nonmarine paleontology,
few people know of the significant role the rocks and fossils
along the Missouri River had in shaping the subsequent
geological and paleontological exploration throughout western
North America, serving as the foundation for subsequent
research. This contribution highlights the discovery and record
of the “classic” Paleocene-age freshwater and terrestrial
molluscan fauna in the Williston Basin of western North Dakota
and adjacent Montana. The table and figures presented here
summarize and illustrate the location of type localities,
taxonomy changes, and primary type material of the Meek and
Hayden species described in the initial years of western
exploration. Recent studies (1) have shown that this fauna
actually represents a relatively brief interval of time in the late
Paleocene, approximately 56-59 million years old (Ma), which
much improves the value of the fauna for its chronostratigraphic
correlation throughout the Western Interior.

A DISCOVERY AT FORT UNION - 1843

The first scientific recognition of fossil nonmarine
mollusks (L3842a-b) from west of the 100th meridian resulted
from the collections made by Edward Harris (2) and John J.
Audubon in the spring of 1843. The collection was made in
the vicinity of Fort Union near the Yellowstone-Missouri River
confluence near what is now the Montana-North Dakota state
line. The collections and stratigraphic information were
analyzed by a committee formed by the Academy of Natural
Sciences of Philadelphia, which included Henry D. Rogers,
Samuel G. Morton, and Walter R. Johnson (3). They concluded
that on the basis of “proofs thus afforded . . . [there is] probably
widely diffused freshwater formation in the region of the Upper
Missouri, reposing upon cretaceous strata, and imbedding
remains of a tertiary age.” The Philadelphia Academy’s report
foreshadows the more intensive investigations in this area by
F.V. Hayden nearly 10 years later.

HAYDEN ON THE MISSOURI RIVER - 1855-1860
Hayden on His Own
After paleontological studies in the Big Badlands area

of what is now South Dakota with Fielding Bradford Meek in
1853, Ferdinand Vandiveer Hayden returned to the upper

Missouri country in the spring of 1854 and examined strata
and collected fossils into 1855. He “conducted under very
adverse conditions a single-handed geological and natural
history survey of the vast, newly organized Nebraska Territory™
(4). Although for the most part on his own, Hayden received
logistical assistance from Col. A.J. Vaughan, Indian Agent, and
Alexander Culbertson and others of the American Fur Company
(6). In fact, the earliest collections received by the Smithsonian
Institution from Hayden were sent from Vaughan and Hayden

(6).

Hayden “. . . explored the Missouri River to the vicinity
of Fort Benton, and the Yellowstone to the mouth of Big Horn
River” and “also considerable portions of the Bad Lands of
the White river, and other districts not immediately bordering
the Missouri” (5). The exact whereabouts of Hayden at any
given time, however, is difficult to document in the absence of
his field journals. Some idea of the nature of his travels can be
determined from a report he submitted, on request, to Lt. GK.
Warren (7), from his correspondence (8), and from terse locality
data published with new species descriptions (9) (Figure 1).
Unfortunately, in this heyday of exploration, because of
confused ownership of fossils and the lack of standardized
specimen management to logically reposit specimens, about
half of the species described by Meek and Hayden (9) are not
now represented by type specimens from the original published
localities (10). This problem is summarized in Table |, where
locality and nomenclatural information are given on the species
named by Meek and Hayden (9) from the Hayden collections
of 1854 or 1855, as well as Meek’s changed type locality.
Meek’s subsequent use of new localities and thus different
specimens makes all of the specimens now designated as
holotypes actually neotypes. The presumption must be that the
specimens from the original collections are lost or unavailable.

Hayden with GK. Warren

In 1856, Lt. GK. Warren of the topographic engineers
asked Hayden to participate in his expedition to the upper
Missouri country for the purposes of mapping the Missouri
River. Hayden’s experience in the region thus resulted in his
first solo job opportunity as a professional geologist and made
him a desirable participant. The expedition traveled by steamer
up the Missouri to 60 mi (96 km) beyond Fort Union and
connected with the earlier exploration of I.1. Stevens in 1853.
From Fort Union, Warren’s party traveled up the Yellowstone

PROCEEDINGS OF THE NORTH DAKOTA ACADEMY OF SCIENCE, VOLUME 53, 1999



PALEONTOLOGY AND GEOLOGY SYMPOSIUM 159

Powder
River
Basin &

—<\ Badlands

o

Fort l ND
. Tfu
Union
\|VUson Crow Hills oot 100

-

M.

Estevan

Red Spring
Fort Clark

Bismarck¥

_/’:.'-‘ L) "

| MAP UNITS
] Fort Union Group and

Sty Ravenscrag Formation
e | H

Hell Creek, Lance,
and Frenchman Fms

™

Lt

Figure 1. Hayden's geologic and paleontologic study localities in the Williston Basin (modified from Hartman and Kihm [1]). All
of the species of nonmarine mollusks described by Meek and Hayden at the beginning of their collaborative careers were
collected at the locations indicated by squares in what Hayden called the Great Lignite Tertiary Basin or Fort Union Group. No
collections where made from the underlying uppermost Cretaceous Hell Creek Formation.

by land to within about 20 mi (32 km) of the mouth of the
Powder River and from here a contingent journeyed to its
mouth. From Fort Union, they made a “leisurely” (15) trip
down the Missouri, stopping 2 to 3 days at points of interest.
From all accounts (15, 16), Hayden was an insatiable collector.
He produced a catalog (15) of some of his collecting sites, but
it is difficult to use as a reference to extant collections. The
catalog includes localities that were not visited by the Warren
expedition, I believe he included his earlier work out of a desire
to gain support and credibility for his western studies and thus
gave credit to Warren freely. Thus the history resulting in the
collection of some type specimens is, in the absence of
Hayden’s field notes, nearly impossible to interpret.

Almost all of the species reported by Meek and Hayden
(9) were later illustrated and redescribed by Meek (11), and it
appears plausible that in many cases, Meek chose new, probably
“better” specimens to represent already named taxa (Plates
1-3). Note that almost all of the locality data for Meek and
Hayden type specimens reported in the U.S. National Museum
invertebrate (USNM-I) catalogs (17, 18) follow data cited by
Meek (11). Because of the curatorial policies during the early
part of Meek and Hayden’s career, some of Hayden’s 1854
and 1855 specimens that were no longer recognized as types
were not cataloged by the Smithsonian Institution when it began
its current system in 1859, Joseph Henry, then Secretary of the
Smithsonian, “viewed collections as research tools. Principal
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Table 1
New Species of Nonmarine Mollusca Described from Collections Made by
F.V. Hayden During 1854-1855 in the Williston Basin

This table lists the fossil localities and their constituent taxa as they were first reported by Meek and
Hayden (1856). This table includes revised species nomenclature and the type locality from which the
species was subsequently reported in Meek in 1876 (11). The type locality of the species is the locality given
unless otherwise indicated. The localities are ordered going up the Missouri and Yellowstone Rivers.

Fort Clark (Locality L.422)
Corbula mactriformis to Corbula (Bicorbula) mactriformis
Bulimus limneaformis to New Genus A limneaformis
Type locality - Opposite mouth of Yellowstone River (L.3931); reported as collected on
G.K. Warren expedition (USNM-I catalog)
Bulimus nebrascensis to New Genus A limneaformis
Type specimen lost and species without illustration
Paludina multilineata to Campeloma nebrascense nebrascense
Type series reported as collected on G.K. Warren expedition (USNM-I catalog)
Paludina peculiaris to Viviparus peculiaris
Type series reported as collected on G.K. Warren expedition (USNM-I catalog)
Ten miles below Fort Union (Locality L432)
Paludina trochiformis to Viviparus meeki
Paludina leidyi to Viviparus leidyi
Three miles below Fort Union (Locality L.429)
Bulimus? teres to Pseudocolumna vermicula
Not Bulimus teres Olivier 1801 (12); Cockerell (13) proposed the new name Columna
haydeniana, but C. teres is considered by some to be a junior subjective synonym of P.
vermicula.
Bulimus? vermiculus to Pseudocolumna vermicula
Limnaea tenuicosta to Pleurolimnaea renuicosta
Physa nebrascensis
Name apparently abandoned by Meek; nomen dubium
Planorbis subumbilicatus to Valvata subumbilicata
Velletia (Ancylus) minuta to Acroloxus minutus
Paludina retusa to Viviparus retusus
Type locality - Mouth of Yellowstone River (L435); reported as collected on G.K.
Warren expedition (USNM-I catalog)
Valvata parvula, not V. subparvula Cossmann 1921 (14); nomen dubium
Melania minutula to Micropyrgus minutulus
Type series reported as collected on G.K. Warren expedition (USNM-I catalog)
Fort Union (Locality L431)
Paludina leai to Viviparus leai
Type locality - Three miles below Fort Clark (L2305)
Three miles above Fort Union (Locality L427; 5 km)
Cyclas formosa to Eupera formosa
Type locality — Ten miles below Fort Union (L.432); reported as collected on G.K. Warren
expedition (USNM-I catalog)
Cyclas fragilis to Eupera formosa
Type locality - Ten miles below Fort Union (L432)
Cyclas subellipticus to Sphaerium subellipticum
Type locality — Ten miles below Fort Union (L432); reported as collected on GK. Warren
expedition (USNM-I catalog)
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Table 1, continued

Three miles above Fort Union, continued
Pupa helicoides to Pupa? helicoides

Type specimen lost and never illustrated; nomen dubium

Physa longiuscula

Type locality - Three miles below Fort Union (L429)

Physa rhomboidea

Type locality - Three miles below Fort Union (L429)

Ten miles above Fort Union (Locality L434; 16 km)

Melania multistriata to Lioplacodes multistriata
Type locality - Mouth of Yellowstone (L435); reported as collected on GK. Warren

expedition (USNM-I catalog)

Melania nebrascensis to Lioplacodes nebrascensis nebrascensis
Type locality - Fort Clark (L422); reported as collected on GK. Warren expedition

(USNM-I catalog)

Thirty miles above mouth of Yellowstone River (Locality L433; 48 km)

Melania anthonyi to Hydrobia anthonyi

Forty miles above mouth of Yellowstone River (Locality L430; 64 km)

Unio priscus to Plesielliptio priscus

type specimens were retained after publication; other type and
‘duplicate’ specimens were distributed as aids to museum
curators and in education” (4). Although undated in the
Paleobiology invertebrate catalog, the collections of the Warren
Expedition (as prepared by Meek and Hayden) commence with
USNM-I 176, from the mouth of the Judith River, a location
not visited by the Warren party.

On the Warren expedition, Hayden collected fossils in
North Dakota (presented here as ascending the Missouri;
Figures 1, 2) from the Tongue River Formation at Square Buttes
[Hills] (L421), the valley of the Missouri River 3 mi (4.8 km)
below Fort Clark (1.2305), Oliver County, along the bluffs at
Fort Clark (L422); from the Sentinel Butte Formation near
Red Spring (L420), Mercer County, in the Fort Berthold area
(L4279), McLean or Mercer County, in the valley of the
Missouri about 150 mi (240 km) downstream from Fort Union
(L3823), Mountrail-Dunn County line; and from the Tongue
River and Sentinel Butte Formations in Crow Hills (L423),
Williams County, and in the area of Fort Union near the
Yellowstone-Missouri confluence (L424, L2306b, L3951) in
the vicinity of the Montana-North Dakota state line. In
Montana, Hayden collected from the Fort Union Formation in
the valley of the Yellowstone River at O’Fallon Creek (L426)
and at the mouth of the Powder River (L3812), both in Prairie
County.

As a geologist, Hayden extended the earlier
stratigraphic observations made with Meek in South Dakota
and constructed a geologic map and cross section (19;
Figure 2) illustrating the Great Lignite Tertiary Basin, now
known as the Williston Basin. Meek and Hayden (20) would

Plate 1. Williston Basin freshwater bivalves described by Meek and
Hayden in the 1850s. Type specimen figures are from original figure
illustrations drawn by Meek (11) (see also Table 1). Letters (e.g., la,
b), although not shown on the plate, refer to specimens from left to
right, and bar scales for Figures 2 and 3 represent actual specimen
size. Unionoida. 1. Plesielliptio priscus (Meek and Hayden);
holotype, left valve, external (pl. 43, fig. 8d). Veneroida. 2. Eupera
formosa (Meek and Hayden); neotype, right valve, external (pl. 43,
figs. 4b—c). 3. Sphaerium subellipticum (Meek and Hayden); neotype,
left valve, external (pl. 43, fig. 5b). Myoida. 4. Corbula (Bicorbula)
mactriformis Meek and Hayden; holotype, left valve, a) exterior, b)
dorsal, ¢) interior (pl. 43, figs. 7a—c).

PROCEEDINGS OF THE NORTH DAKOTA ACADEMY OF SCIENCE, VOLUME 53, 1999



162 PALEONTOLOGY AND GEOLOGY SYMPOSIUM

Plate 2. Williston Basin freshwater prosobranch gastropods described by Meek and Hayden in the 1850s. Type specimen figures are
from original figure illustrations drawn by Meek (11) or are from copies of Meek's figures or redrawn illustrations made under White's
(22) direction (see also Table 1). Letters (e.g., 1a, b), although not shown on the plate, refer to specimens from left to right and bar
scales for Figures 9 and 1115 represent actual specimen size. Mesogastropoda. 1. Campeloma nebrascense nebrascense (Meek
and Hayden), holotype; a) abapertural, b) apertural (11, pl. 44, figs. 1a, b; 22, pl. 27, fig. 1). 2. Campeloma nebrascense whitei
Russell, holotype; abapertural (22, pl. 27, fig. 5; this subspecies was originally included in the concept of C. n. nebrascense). 3.
Viviparus leai (Meek and Hayden); neotype, a)Eabapertural, b) apertural (11, pl. 44, figs. 6a, b). 4. Viviparus meeki Wenz; holotype;
a) abapertural, b) apertural (11, pl. 44, figs. 2a, b). 5. Viviparus formosus Meek; holotype, a) abapertural, b) apertural (11, pl. 44, figs.
3a, b). 6. Viviparus peculiaris (Meek and Hayden); neotype, a) abapertural, b) apertural (22, pl. 24, figs. 23, 24). 7. Viviparus leidyi
Meek and Hayden; holotype, abapertural (11, pl. 44, fig. 4). 8. Viviparus retusus (Meek and Hayden); neotype, a) abapertural and c)
right lateral; topotype from neotype locality, b) abapertural (11, pl. 44, figs. 5a—c). 9. Lioplacodes multistriata (Meek and Hayden);
holotype, a) abapertural, b) apertural (11, pl. 44, figs. 15c, d). 10. Lioplacodes nebrascensis nebrascensis (Meek and Hayden);
neotype, a) abapertural, b) apertural Meek (pl. 43, figs. 12a, b). 11. Lioplacodes tenuicarinata (Meek and Hayden); holotype, a)
abapertural, b) apertural (11, pl. 43, figs. 14a, b). 12. Hydrobia anthonyi (Meek and Hayden); holotype, a) abapertural (11, pl. 43, fig.
10b), apertural (22, pl. 27, fig. 39). 13. Hydrobia warrenana (Meek and Hayden); holotype, a) abapertural, b) apertural (11, pl. 43,
figs. 11b, ¢). 14. Micropyrgus minutulus (Meek and Hayden); holotype, a) abapertural, b) apertural (11, pl. 43, figs. 18a, b). 15.
Valvata subumbilicata (Meek and Hayden); holotype, a) abapical, b) apical, ¢) apertural (11, pl. 43, figs. 13a—c).

go on to name much of the standard reference geologic section
for the northern Great Plains.

Hayden with W.F. Raynolds

In 1859-1860, Hayden participated in the last major
expedition conducted by the topographical engineers in the
West, which was referred to as the Yellowstone expedition.
Led by Capt. William F. Raynolds, partaking in his first western
exploration, the exploring party was frequently split into two
forces, one under the command of Raynolds and the other under
Lt. H.E. Maynadier. These parties covered an impressive
amount of ground, extending along the upper Missouri River

from Fort Benton to Fort Union, as far south as the North Fork
of the Platte River near Fort Laramie, west to Jackson Hole,
Wyoming, and Virginia City, Montana. The routes taken by
Raynolds and Maynadier are shown on the 1867 “Map of the
Yellowstone and Missouri Rivers and their tributaries.”
Nonmarine mollusks were collected only from the Powder
River Basin, Wyoming, from “Clear Fork™ (L2173, L2175,
L2177) and “Lower Fork™ of the Powder River. Meek and
Hayden described Viviparus raynoldsanus, V. wyomingensis,
and Hydrobia eulimoides from the Tongue River Member of
the Fort Union Formation and from the “Wasatch” Formation.
Although recorded as collected by Hayden, these fossils were
probably collected by Maynadier’s party, which traveled up
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Plate 3. Williston Basin freshwater and terrestrial pulmonate
gastropods described by Meek and Hayden in the 1850s. Type
specimen figures are from original figure illustrations drawn
by Meek (11) (see also Table 1). Letters (e.g., 1a, b), although
not shown on the plate, refer to specimens from left to right,
and bar scales for Figures 1, 2, 6, and 7 represent actual
specimen size. Archaeopulmonata. 1. Pleurolimnaea
tenuicosta (Meek and Hayden); holotype, a) apertural (pl. 44,
fig. 13b). Basommatophora. 2. Acroloxus minutus (Meek and
Hayden); holotype, a) apical, (pl. 44, fig. 10). 3. Physa
longiuscula (Meek and Hayden); neotype, a) abapertural, b)
apertural (pl. 43, figs. 16a, b). 4, Physa rhomboidea (Meek
and Hayden); neotype, a) apertural (pl. 44, fig. 17).
Stylommatophora. 5. New Genus T planoconvexa (Meek and
Hayden); holotype, a) apertural, b) apical, c) abapical. 6.
Pseudocolumna vermicula (Meek and Hayden); holotype of
Bulimus? teres = new name P. haydeniana Cockerell; a)
abapertural (pl. 44, fig. 11b). 7. Pseudocolumna vermicula
(Meek and Hayden); holotype of Bulimus? vermiculus; a)
abapertural (pl. 44, fig. 12b). Incertae sedis. 8. New Genus A
limneaformis (Meek and Hayden); neotype, a) abapertural, b)

apertural.
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Figure 2. Hayden's geologic and topographic profile of the Great Lignite Tertiary Basin This figure was redrawn and slightly
modified from Hayden (16). The labeling is that of Hayden, except with the addition of Fort Union, Crow Hills, and Red Spring.
The figure also includes current lithostratigraphic units, which, except for the Hell Creek Formation, where introduced by Meek
and Hayden in 1862 (17).
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Figure 3. Chronostratigraphy of western North Dakota bedrock strata. The nonmarine molluscan fauna described by Meek and
Hayden coincides with the interval of the upper part of the Tongue River and lower part of the Sentinel Butte Formations. This
drawing is modified from Hartman and Kihm (21) and incorporates recent interpretations (23, 24).

the Tongue River to near the mouth of Prairie Dog Creek,
crossing the divide to Clear Creek (“Clear Fork™) near the
mouth of Lone Tree Creek in Sheridan County, Wyoming. From
here, they went downstream to the mouth of Clear Creek and
then up the main channel of the Powder River (“Lower Fork™)
to the mouth of Crazy Woman Creek. Hayden was attached to
the Raynolds command, which skirted the eastern base of the
Big Horn Mountains. It seems surprising, given the opportunity,
that Hayden did not collect nonmarine mollusks from the
Williston Basin.

DISCUSSION

As with other disciplines of geology, the use of nonmarine
mollusks for biostratigraphic correlation and
paleoenvironmental interpretation has waxed and waned
depending on perceived utility and scholarly interest. The work
of Meek and Hayden in the Williston Basin was used
extensively from the 1870s to 1930s for the correlation of the
Paleocene-age Fort Union Formation/Group throughout the
Western Interior of North America. The perceived limited use

of these fossils in more finely divided biostratigraphy ultimately
resulted in subsequently more limited attention paid them and
the expanded use of land mammals as their fossil record and
evolution became much better understood. With litho- and
chronostratigraphic reassessment of Williston Basin Paleocene
mammals, particularly those found in North Dakota (21), the
classic Fort Union fauna of Meek and Hayden has been shown
to be of much shorter duration than previously interpreted (1).
Hayden collected the North Dakota and adjacent Montana
specimens from a stratigraphic interval that represents the upper
Tongue River and lower Sentinel Butte Formations,
corresponding to a late Paleocene North American Land
Mammal age of Tiffanian 3 and 4 (Ti3, Ti4). The
chronostratigraphic interpretation of these formations is shown
in Figure 3, along with the mammalian localities used to delimit
these Tiffanian biochrons. The correlations represented in this
figure continue to be a work in progress as new observations
continue to refine movements of the Cannonball Sea
(Cannonball Formation) and other formational contacts. This
illustration presents the latest interpretation of the age of the
Lloyd and Hares 11 Locality (24) which shows an older, lower
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Tongue River than previously interpreted (1). This
interpretation is in conflict with marine invertebrate and
vertebrate fossils that suggest a younger age for the upper part
of the Cannonball Formation.

SUMMARY

This paper provides a concise summary of the taxonomy
and chronostratigraphy of the nonmarine molluscan fauna
described by Meek and Hayden in the earliest days of
geological and paleontological exploration of the West. This
fauna can continue to play an important role in interpreting
geologic history in the nonmarine strata of the West, as the
time interval represented by the fauna is considerably less (10
to 2.5 Ma) than previously considered, and thus of value for
refined chronostratigraphic correlation.
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