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Presentation and Event Schedule
8:00-10:00
8:30-10:00
8:30-10:00
10:00-10:05
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Doug Alves, Director, Calvert Marine Museum
Bruce Hargreaves, President of the CMMFC
Induct Kathy Young as CMMFC Life Member

Presentation Uploading
Posters will be up all day.
Welcome
Welcome

10:10-10:30
10:30-11:00
11:00-11-15

Peter Vogt & R. Eshelman
Susan Kidwell
Patricia Kelley

Significance of Calvert Cliffs
Geology of Calvert Cliffs
Gastropod Predator-Prey Evolution

11:15-11-30

Coffee/Juice Break

11:30-11:45
11:45-12:00
12:00-12:15
12:15-12:30

Lauck Ward
Bretton Kent
Michael Gottfried & L. Compagno
Anna Jerve

12:30-2:00

Lunch Break

2:00-2:15
2:15-2:30
2:30-2:45
2:45-3:00
3:00-3:15

Roger Wood
Robert Weems
Storrs Olson
Michael Habib
Ralph Eshelman, B. Beatty & D. Domning

3:15-3:30

Coffee/Juice Break

3:30-3:45
3:45-4:00
4:00-4:15
4:15-4:30
4:30-4:45

Irina Koretsky
Daryl Domning
Jennifer Gerholdt & S. Godfrey
Alton Dooley
Larry Barnes, et. al.

4:45-…
4:45-…

Poster Session in Paleontology Gallery
Cash Bar

5:30-8:00

Buffet Dinner

Mollusks
Sharks
C. carcharias and C. megalodon
Lamnid Sharks

Afternoon Power Point Presentation Uploading
Turtles
Crocodiles
Birds
Morphology of Pelagornis
Terrestrial Vertebrates

Seals
Sea Cows
Dolphin Pathologies
Squalodont Dolphins
Kentriodontid Dolphins

Museum Galleries will remain open.
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Program, Continued
Poster Presentations
Kery, Sean
Deposition Mechanics and Sediment Transport, or How Did This Fossil Get to Where I Found it?
Murdoch, Paul
A Summer of Fun With the Calvert Marine Museum, Whales and Dolphins Along Calvert Cliffs.
Seifter, Jared
Evolutionary Changes in the Aperture and Umbilicus of the Extinct Gastropod Ecphora
Vogt, Peter R., Wallace L. Ashby, and Mary A. Parrish
Driftwood-transported mid-Miocene Lithic Erratics from the Calvert Cliffs, Maryland Coastal Plain
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A Brief History of the Calvert Marine Museum Fossil Club
For years amateur fossil collectors and the staff of the Calvert Marine Museum had been fossil
collecting together or leading field trips for schools and other organizations. But it was not until 1981
that Norm Riker, a local collector, suggested that a fossil club be formed.
An organizational meeting was held on April 16, 1981, establishing the club. Initially all one
needed to do to join the club was to stop by the Calvert Marine Museum and request to become a
member of the fossil club. After a few years had past and a need for a newsletter was realized were club
dues instituted. Annual dues of $10 per family, $3 for students, were initiated to cover expenses such as
postage, printing, etc. The newsletter was named The ECPHORA, and published on a quarterly basis to
keep members informed about club doings, scheduled events, and happenings of interest in the fossil
world.
The club remained loosely organized for years with no set officers or elected positions. An
informal Board of Directors comprised of David Bohaska, Ralph Eshelman, Norm Riker, and Calvin
Taylor though would meet at Sandy Roberts’ and plan for the club’s upcoming events.
Monthly meetings were held at the museum. Lecturers from the Smithsonian, U.S. Geological
Survey, University of Arizona, Howard University, University of Maryland, and St. Mary’s College
made presentations. Special events included a three-session osteology class taught by Ralph Eshelman
and an unusual class led by Paula Bohaska, which involved the cleaning and reconstruction of a modern
fish skull. Popular social events were the meetings at Connie and Larry Smith’s Matoaka Cottages and
at Pete Ferguson’s Calvert Beach home. Soon membership in the club became contingent on one first
being a member of the Calvert Marine Museum.
Field trips are vital to the success of any fossil club. The Miocene fossils of Calvert Cliffs were
the primary interest of the club, with trips along the entire 26-mile length of the cliffs. Similar aged
deposits on the Potomac and St. Mary’s Rivers were also explored. In the interest of a well-rounded
knowledge of paleontology, areas with fossils of other geological ages were visited, including
Pennsylvania (Swatara Gap and St. Clair), New Jersey (Big Brook), Delaware (C&D Canal), Virginia
(Westmoreland State Park), and North Carolina (Lee Creek). Fossil deposits of Ordovician,
Pennsylvanian, Cretaceous, Paleocene, Eocene, Miocene, and Pliocene ages were examined.
Winter activities included visits to the Smithsonian Naturalist Center and Paleontology
Laboratories. Trips were made to Baltimore to visit Malick’s Fossils and the National Aquarium, and to
Philadelphia to participate in the Delaware Valley Paleontology Society Fossil Fair.
Participation in public service events was an important aspect of the club. Fossil fairs were held
in 1982 and 1983; lectures, films, and field trips were presented at no cost to interested museum visitors.
The club set up a fossil preparation and identification table, with free give-away fossils each year at both
Patuxent River Appreciation Days (PRAD) and SharkFest. In addition to which, demonstrational
exhibits were sent to fossil fairs and mineral shows.
In the summer of 1985 the first edition of the quarterly newsletter of the Fossil Club appeared.
The editor, Sandy Roberts, named it The ECPHORA in addition to naming the museum news bulletin,
the Bugeye Times. After five years, Donna Richardson became the editor, later followed by Bill Taylor,
Skip Snelson, Mike Elwood, Paul and Hillary Murdoch, and today by Dr. Stephen Godfrey. The
ECPHORA includes articles about current research being done at the museum, recent finds brought to
the museum, book reviews, and references to on-line articles of interest to our members. Schedules of
future field trips, meetings, and guest speakers also are included. The ECPHORA is sent to all members,
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six fossil clubs on the East Coast, and to five museums, including the U.S. National Museum (the
Smithsonian), and to the British Museum. The ECPHORA has come a long way, since its inception!
Past Presidents of the CMM Fossil Club include:
1985-1989
1989-1990
1990-1991
1991-1992
1992-1993

David Bohaska
Mike Elwood
None
Elizabeth Slaughter
Steve Brady

1993-1995
1995-2000
2000-2002
2002-2004
2004-Present

Mike Elwood
Albert Snelson
Sean Kery
Grenda Dennis
Bruce Hargreaves

The club now has a membership roll of over 80, mostly from the states whose geography makes
up the Chesapeake Bay and its watershed, and counts in its membership people from a great variety of
backgrounds and degrees of interest in the earth sciences. Meetings are held at the Calvert Marine
Museum and usually a guest speaker will follow the meeting with a free public lecture in the museum’s
Auditorium.

Early morning south of Parkers Creek, Calvert County, Maryland. Photo by S. Godfrey © CMM
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Abstracts
(Listed Alphabetically by First Author Family Name)

Kentriodontid Dolphins from the Chesapeake Group: Indicators of the
Evolutionary Diversity of Dolphins During Miocene Time
Barnes, Lawrence G.
Natural History Museum of Los Angeles County, 900 Exposition Blvd, Los Angeles, CA 90007, USA
lbarnes@nhm.org
Godfrey, Stephen J.
Department of Paleontology, Calvert Marine Museum, P.O. Box 97, Solomons, MD 20688, USA
Godfresj@co.cal.md.us
Bohaska, David
National Museum of Natural History, Paleobiology, PO Box 37012, MRC-121, Washington D.C.
20013-7012, USA
bohaskad@si.edu
Members of the dolphin family Kentriodontidae are the stem group of delphinoids, from which
apparently arose the modern porpoises (Phocoenidae), pelagic dolphins (Delphinidae), and belugas and
narwhals (Monodontidae). Fossil kentriodontids are known from many parts of the world, and they
range in age from Late Oligocene to Late Miocene time (approximately 24 to 9 million years ago). The
Chesapeake Group plays an important role in our understanding of the evolutionary history of
kentriodontids. Formations comprising the Chesapeake Group span much of the geochronologic range
of the Kentriodontidae, and they have yielded many significant specimens of this family, including the
holotypes, and in some cases the only known specimens of several species. For example, both the
holotypic and paratypic specimens of the type species (Kentriodon pernix), of the type genus
(Kentriodon), of the nominal subfamily (Kentriodontinae), of the family Kentriodontidae were collected
from the Calvert Formation. Representatives of every major kentriodontid lineage have now been found
as fossils within the Chesapeake Group. When the known kentriodontid occurrences are arranged
stratigraphically within the Chesapeake Group, a pattern emerges wherein the smaller and more
primitive species (such as the kentriodontines) generally occur earlier, and the larger and more derived
species (such as the lophocetines) occur later. Through time kentriodontids, in addition to becoming
larger, evolved more numerous and larger teeth, larger nasal bones, higher cranial vertices, and more
complex pterygoid air sinus systems. All of these developments appear to have enhanced the ability of
kentriodontids to effectively capture prey.
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Skeleton and body outline restoration of the typical kentriodontid, Kentriodon pernix Kellogg, 1927,
from the Calvert Formation at Calvert Cliffs, Maryland.

Distribution of some of the named Miocene Kentriodontidae that occur within the Chesapeake Group.
From the lower to the upper levels of the section, the skulls are of Kentriodon pernix, Delphinodon
dividum, Lophocetus pappus, Hadrodelphis calvertense, Macrokentriodon morani, and Lophocetus
calvertensis. In general these dolphins increase in their body sizes through time.
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Two Miocene kentriodontid dolphins from Calvert Cliffs, Maryland. Kentriodon pernix swims above the
much larger Macrokentriodon morani. The size and shape of the dorsal fins are conjectural. Drawing
by Tim Scheirer. © CMM
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Fossil Seacows of the Calvert Cliffs
Domning, Daryl P.
Laboratory of Evolutionary Biology, Department of Anatomy, Howard University, Washington, DC
20059, USA
ddomning@fac.howard.edu
Fossil sirenians (dugongs and manatees) have been collected from the Calvert Cliffs for over 100
years, but are rare compared to Calvert cetaceans and still incompletely known. Three or more different
kinds have been identified. The preeminent study of seacows from this region, by Remington Kellogg
(1966), now requires significant updating.
The best-known and best-represented of these Calvert sirenians is a relative of the modern
dugong that Kellogg named Metaxytherium calvertense. It has since been synonymized with another
species described earlier from Florida; its correct name is now Metaxytherium crataegense. It is found in
the middle Miocene Calvert Formation. It grew to around 3 m in length, and probably ate leaves and
small rhizomes of seagrasses.
Kellogg also described remains of a much smaller sea cow from the same formation that he
mistakenly thought was just a young specimen of M. calvertense. Though no skull of this animal has yet
been found in the mid-Atlantic region, recent discoveries in Florida and the Caribbean indicate that it
actually represents a separate, still-unnamed lineage (“genus N”). More closely related to the modern
dugong than to Metaxytherium, it probably grew little longer than 2 m.
Even more fragmentary fossils suggest that at least one more type of dugong lived in the Calvert
Sea. This is expected from the fact that several distinct sirenian lineages lived simultaneously in the
Miocene West Atlantic; but little more can be said about it in the absence of more complete specimens.
The same pattern of two and likely three genera is also seen in the fauna of the Calvert-correlative
Pungo River Formation in the Lee Creek Mine, North Carolina: the large Metaxytherium, the small
“genus N”, and an even rarer third kind of dugong.
Finally, a single limb bone of yet another sirenian was reported from Fairhaven in 1904.
Although Kellogg classified it too as M. calvertense, it is in fact Maryland’s only fossil record of the
living West Indian manatee, Trichechus manatus. It presumably came not from any part of the
Chesapeake Group, but from some overlying Pleistocene deposit.

Editor’s Note: Life Restoration of the
Miocene sea cow, Metaxytherium
crataegense. © CMM
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Squalodont Cetaceans from the Calvert Formation
Dooley, Alton C., Jr.
Virginia Museum of Natural History, 1001 Douglas Ave., Martinsville, VA 24112, USA
butchd@vmnh.net
Specimens from the family Squalodontidae were among the first fossil cetaceans reported from
the middle Atlantic Coastal Plain, with published accounts dating to 1856. Since that time, numerous
new specimens from the Calvert Formation have been referred to the family, which allow a more
complete understanding of the group’s history in North America.
The squalodonts are mid-sized odontocete cetaceans, found primarily in Oligocene-middle
Miocene sediments in Europe, eastern North America, and Argentina, with sparse records from
California, Oregon, and New Zealand. They are characterized by a fully telescoped, symmetrical skull, a
long narrow and deep rostrum, and a distinctive heterodont dentition. Squalodonts seem to be most
diverse in the late Oligocene-early Miocene deposits in Europe, with diversity dropping in the middle
Miocene prior to their extinction around 14 million years ago.
Because their distinctive teeth are easily identified to the family level, there is sometimes an
exaggerated impression of the abundance of squalodonts in the Calvert Formation; only 15 known
specimens include any portion of the cranium other than teeth, and none of those include a complete
skull. The first squalodont named from North America, Squalodon atlanticus, was based on isolated
teeth that are insufficient for species identification, so this species is considered Squalodontidae incertae
sedis. From the Calvert, Kirkwood, and Pungo River Formations there are only two currently recognized
squalodont species: Squalodon calvertensis and Squalodon whitmorei. Squalodon calvertensis is a small
species found in all three formations, including the Calvert up to Bed 12-13. Squalodon whitmorei, the
largest described squalodont, is known only from the Fairhaven Member of the Calvert Formation and
the equivalent Pungo River Formation in North Carolina. The possibility that a third, unnamed
squalodont was present in the Calvert is currently being investigated.

Editor’s Note: Right lateral view of the skull of Squalodon calvertensis.
Drawing by Stephen Godfrey © CMM
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Terrestrial Mammalian Remains from the Miocene Chesapeake Group
of Calvert Cliffs, Maryland
Eshelman, Ralph E.,
Eshelman & Associates, Lusby, MD 20657, USA
ree47@comcast.net
Beatty, Brian L. and
New York College of Osteopathic Medicine, Northern Boulevard, Old Westbury, NY 11568-8000, USA
bbeatty@nyit.edu
Domning, Daryl P.
Laboratory of Evolutionary Biology, Department of Anatomy, Howard University, Washington, DC
20059, USA
ddomning@fac.howard.edu
In over one hundred and sixty years of collecting, hundreds of specimens of terrestrial mammals
have been recovered from the marine deposits of the Chesapeake Group of the mid-Atlantic Coast. Most
of these specimens were recovered as "float" from Maryland and Virginia beaches along the western
shore of the Chesapeake Bay where deposits largely represent the Calvert Formation. In more recent
years (since the 1970s) hundreds more specimens have been recovered from the spoils of the Aurora
Phosphate Mine in eastern North Carolina, largely from the younger Yorktown Formation. Scores of
specimens have been recovered from the Calvert Formation of Delaware (Emry and Eshelman, 1998).
The significance of these Delaware fossils is that micro mammal remains such as bat, shrew, and rodent
have been recovered as well as the more typical macro remains of horse and proboscidian. Fewer, but
nevertheless significant land mammal remains, have also been recovered from the Calvert equivalent
Kirkwood Formation of New Jersey (Wood, 1939; and Gallaher et al., 1995: table 1, p. 264). This paper
is a summary of the terrestrial mammalian remains from the Chesapeake Group of Maryland and
equivalent age deposits of the mid-Atlantic coast. A surprisingly diverse and in some instances unusual
fauna is represented.

Editor’s Note: Miocene proboscidian
(gomphothere elephant) deciduous tooth
from Calvert Cliffs, CMM-V-2389.
Collected by Fay Fratz. Drawing by
Melody Reinecke © CMM
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Pathological Dolphin Rostra from Calvert Cliffs, Maryland (Miocene,
Chesapeake Group)
Gerholdt, Jennifer M.
Department of Paleontology, Calvert Marine Museum, P.O. Box 97, Solomons, MD 20688, USA
spicedapples@gmail.com
Godfrey, Stephen J.
Department of Paleontology, Calvert Marine Museum, P.O. Box 97, Solomons, MD 20688, USA
Godfresj@co.cal.md.us
Five fossilized dolphin partial rostra from Calvert Cliffs, Maryland, exhibit periostitis, the first
such pathology reported from Calvert Cliffs. Periostitis is a chronic inflammation of the periosteum
secondary to a predisposing event such as a fracture or trauma. Periostitis is considered a nonspecific
response and may occur subsequent to or in combination with infectious, traumatic, and inflammatory
processes. CT scans reveal that the periostitis in these partial rostra is limited to the premaxillae. These
bones became progressively swollen and gnarly over the course of months and/or years as evidences by
the onion-like layering within the pathology.
Unfortunately, it is unknown what provoked the periostitis, and currently there is no explanation
as to why the pathologies are seemingly limited only to the premaxillae. Presumably, the localization of
the pathology was the result of an infection or injury, such as an abrasion wound or a fracture only to the
very gracile premaxillae. There are also varying degrees of healing exhibited in these specimens. This
being the case, these chronic pathologies seem not to have been life-threatening despite the gross sizes
and shapes of the periosteal reactions.
The non-pathological morphology of the rostra is unlike any other odontocete from Calvert
Cliffs. CMM-V-2663 is the only specimen preserving maxillary alveoli and teeth. The bilateral
proximity of the maxillary tooth rows, the size and spacing of the alveoli, and the hatchet shaped root of
the teeth are similar to those seen in the La Plata dolphin, Pontoporia blainvillei. While making these
comparisons, rostral and mandibular pathologies in P. blainvillei were noted. Striking anomalies in this
extant dolphin include corkscrew snout curvatures; mandibular fractures of the angular process,
osteomyelitis, and an enigmatic pimpled condition found predominately on the bottom of the lower
jaws.

CMM-V-2663 Pathological Dolphin Rostrum from Calvert Cliffs. Photo by S. Godfrey ©CMM
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Skeletal Anatomy of the Great White Shark Carcharodon carcharias
Gottfried, Michael D.
Geological Sciences and Museum, Michigan State University, East Lansing, MI 48824, USA
gottfrie@msu.edu
Compagno, Leonard J. V.
Shark Research Center, P.O. Box 61, Iziko-South African Museum, Cape Town 8000, South Africa.
The Great White Shark Carcharodon carcharias (Chondrichthyes, Lamnidae) is the largest
living “macropredatory” shark, with a maximum total length of ca. 7 meters. Due to their spectacular
appearance and reputation, white sharks (and their fossil relatives) have received a great deal of
attention, both in the popular media and scientific studies. Despite this notoriety, many gaps remain in
our knowledge of this iconic species, including basic information on morphology that is needed as a
foundation for detailed studies on the biology and systematic relationships of these sharks. Perhaps
most notably in this regard, white shark skeletal anatomy has never been described in detail. To remedy
this, over several years we dissected, examined, and described the cartilaginous skeletons of white shark
specimens collected in South African waters. Notable white shark skeletal features include: a tripartite
rostrum with a small rostral node, exceptionally large nasal capsules, massively deepened lower jaws
that exhibit a complex double articulation with the upper jaws (palatoquadrates), relatively large and
broadened pectoral fins that are structurally reinforced at their bases, a robustly developed vertebral
column extending out to the posterior tip of the tail fin that is comprised of up to ca. 190 individual
centra, and a strongly developed lunate caudal (tail) fin with a lower (ventral) portion supported by
expanded and thickened rods of cartilage.
With respect to the recent controversy regarding fossil lamnid shark relationships, the overall
morphology – particularly the internal calcification patterns – of non-fossil white shark vertebral centra
can be readily compared to well-preserved fossil centra from “megatooth” sharks, including
Carcharodon megalodon and C. angustidens. The close morphological similarity apparent from these
comparisons provides supporting evidence for the idea that the giant fossil “megatooth” species are
closely related to living white sharks.

Editor’s Note: Skeletal restoration of Carcharodon megalodon
Drawing by Constance Barut-Rankin © CMM
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Flight Performance of Giant Pseudodontorn Birds
Habib, Michael
Center for Functional Anatomy and Evolution, Johns Hopkins School of Medicine
1830 E. Monument Street, Baltimore, MD 21205, USA
habib@jhmi.edu
Pseudodontorns were pelagic birds of enormous size, with wingspans reaching six to seven
meters in some individuals. They were a long-lived lineage of seabirds, surviving from the Paleocene
through the Pliocene, and pseudodontorns also boasted a worldwide distribution. Specimens hail from
such widespread locations as New Zealand, England, Africa, and North America. Fossils of
pseudodontorns are present on both coasts of the United States, including the Calvert Formation of
Maryland.
Despite their impressive size and extreme adaptations for soaring, little work has been done on
the flight performance of pseudodontorns. I have used anatomical information from Miocene
pseudodontorns, along with methods from mechanical engineering, to estimate body weight, flight
speed, and launch ability in large pseudodontorn birds. Pseudodontorns would have been champion
gliders, exceeding even modern albatrosses in their average soaring speeds. Previous estimates of body
weight are likely too low; pseudodontorns were probably heavier and faster than earlier estimates have
suggested.
Understanding these aspects of pseudodontorn biology will be useful in future assessments of
their potential diet and likely nesting behavior. Pseudodontorns were extreme "supersoarers", and can
teach us about the evolution, diversity, and performance of high-efficiency, long-range flying animals.
Pseudodontorns were probably among the most accomplished long-ranged travelers of all time, and they
may hold valuable lessons for the fields of evolution and ecology.
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CT-Scan-Based Analysis of Morphological Features of the Otic Region in
Miocene Lamnid Sharks
Jerve, Anna L.
Geological Sciences, Michigan State University, East Lansing, MI 48824, USA
jerveann@msu.edu
Fossil sharks, particularly from the Cenozoic, are primarily known from isolated teeth, which are
often difficult to identify and to use in systematic and functional studies. Shark prismatic cartilage has a
low preservation potential in comparison to teeth, and is thus relatively rare in the fossil record.
However, in some exceptional cases, delicate cartilaginous structures do preserve, and can serve as a
potentially rich source of data for systematic and functional interpretations. This study reports on
morphological features from two well-preserved shark otic capsules collected from the Miocene Calvert
Formation of Maryland. The otic capsules are composed of prismatic cartilage and preserve portions of
the skeletal labyrinth that (in life) enclosed soft structures of the membranous labyrinth involved in
balance and orientation. The overall size of the structures, as well as the proportions of the sacculus and
utriculus, suggest that the fossils should be assigned to the Family Lamnidae (Mackerel sharks,
including Makos). High-resolution CT-scans of the specimens reveal exceptional images of the
labyrinth and show the exact positioning of their morphological components. Resolved structures
include the size and shape of the semi-circular canals (anterior, posterior and lateral), the position of the
endolymphatic duct, and the size and positional relationships of the sacculus, utriculus and ampullae.
These are homologous to the corresponding structures seen in the labyrinth of extant lamnid shark
species. Therefore, the morphology of the fossil otic capsules is potentially useful for phylogenetic
studies of this group, and may provide complementary data to often-ambiguous tooth-based studies.
Moreover, understanding this region of the chondrocranium is valuable for investigating the intricacies
of otic function and associated aspects of sensory biology in fossil sharks.

Editor’s Note: Life restoration of
Carcharodon megalodon. Painting
by Tim Scheirer © CMM
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Evolutionary Paleoecology in the Maryland Miocene: Naticid Gastropod
Predator-Prey Ecology and Evolution
Kelley, Patricia H.
Department of Geography and Geology, University of North Carolina Wilmington, Wilmington, NC
28403-5944, USA
kelleyp@uncw.edu
Predation is a major factor affecting the structure and diversity of communities, the flow of
energy through ecosystems, and the distribution, abundance, life history, behavior, and morphology of
species. Although predator-prey interactions are important agents of natural selection, their
consequences for macroevolution are debated. In order to understand the role of predation in evolution,
detailed knowledge of the fossil record of predator-prey systems is necessary.
Molluscan predator-prey interactions are amenable to study because fossil mollusc shells
preserve traces of successful and unsuccessful attacks by predators that break or drill through the shells
of their victims. The rich molluscan faunas of the Maryland Miocene have been key to understanding
the evolutionary paleoecology of predator-prey systems, particularly that of shell-drilling naticid
gastropods (moonsnails). The abundant fauna can be bulk sampled (thus retaining the preserved
abundances of species); fossils have not been transported out of habitat; and assemblages accumulated
over timescales suitable for paleoecological and evolutionary studies. Specimens are well preserved,
and there is little evidence of bias against specimens with drillholes, allowing calculation of predation
frequencies.
Studies of drilling predation in the Maryland Miocene have yielded the following results to date:
1) The Miocene naticid gastropod predator-prey system resembled the modern system in a number of
characteristics, e.g. prey selectivity and predator behaviors. 2) Predation was important in prey
evolution, causing development of anti-predatory traits such as thick shells; such evolution tended to
occur in the gradual mode, in contrast to evolution of traits not linked to predation; predation decreased
as anti-predatory defenses increased; the greatest thickness increases occurred in prey species exposed to
the most predation. 3) Predators also increased anti-predatory traits but not offensive traits, supporting
evolution by escalation (evolution in response to enemies) rather than coevolution (reciprocal response
of predator and prey). 4) The Miocene was one of two intervals of exceptionally high predation (~35%
mortality) during the Cretaceous-Recent history of the naticid system (the other was the Paleocene to
early Eocene). 5) High drilling frequencies appear to occur in the wake of mass extinctions and were
associated with the middle Miocene extinction.
Despite intensive study, we do not understand fully all the factors that influence drilling
predation and in turn its effect on evolution. Ongoing work is examining spatial variation in drilling; the
relationship between predation intensity and diversity, and between predation and degree of escalation
of faunas; the effect of multiple predators on predation intensities; and whether different species of
predators can be discriminated by the holes they drill. The Miocene faunas of Maryland will continue to
play a key role in such work.
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Evolution and Diversification of Fossil Shark Faunas
Kent, Bretton W.
University of Maryland, Entomology Department, Plant Sciences Building, College Park, MD 20742,
USA
bkent@umd.edu
The fossil shark fauna of Calvert Cliffs is remarkable for its richness and diversity. Calvert Cliffs
sharks have teeth with an astonishing range of tooth forms and sizes, including a diverse guild of very
large species. This fauna represents an important transitional stage between the ancient Cretaceous and
Paleogene faunas dominated by modestly-sized sharks with slender, cuspletted teeth, and modern shark
faunas with a complex mixture of tooth forms, but with reduced diversity among the largest sharks.
These changes in shark tooth morphology and size through time reflect the adaptive radiation of
sharks for exploiting newly evolved prey groups during the Oligocene and Miocene, and a fundamental
shift in the roles of sharks within marine communities.

Editor’s Note: Alopias sp. CMM-V-385.
Drawing by Stephen Godfrey © CMM
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Deposition Mechanics and Sediment Transport, or
How Did This Fossil Get to Where I Found It?
Kery, Sean
Owings, MD 20736, USA
skery@comcast.net
The same fluid mechanic forces are at work today as in the Cretaceous or Miocene or at any
other time. The location of a fossil in the Calvert Cliffs or along the beaches can tell part of the story of
how it got there. The size, shape, and weight also play important factors in how fossils move during and
after eroding out of the cliffs. This paper will begin with discussion of deposition mechanics, followed
by the sediment transport mechanics during initial burial. The paper will finish with a discussion of
fossil movement, and the role that wave heights, winds, and other natural processes have in determining
where they are found. A detailed discussion of the hydrodynamics would fill many volumes but a brief
review of the big picture concepts and what they mean with respect to fossils and where and when they
may be found will be presented. Limited experimental data concerning shells, sharks teeth, and chunks
of bone will be included to the extent that it is available.

St. Marys Formation, Driftwood Beach, Calvert County, MD. Photo by S. Godfrey © CMM
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Challenges in Paleoenvironmental Interpretation of the Maryland Miocene
Kidwell, Susan
Department of Geophysical Sciences, University of Chicago, 5734 S. Ellis Avenue, Chicago, Illinois
60637, USA
skidwell@midway.uchicago.edu
Miocene strata of the Calvert Cliffs, although world-famous and much studied for their fossils,
actually present many challenges to paleoenvironmental interpretation using conventional geological
evidence. Among these challenges are: (A) the narrow range and complex mixtures of grain sizes (silty
clay, clayey silt, sandy mud, muddy very fine sand). Coarse sand and pebbles having “textbook”
features are mostly limited to the upper part of the St. Marys Formation. (B) Sedimentary structures –
such as ripples and mudcracks – that indicate water energy and depth with precision are rare. (C) The
overall record is very thin (only ~60 meters of strata for ~9 million years of elapsed time) and
interrupted by a series of widespread paleo-erosion surfaces (unconformities). We thus must infer
history from the fragments of sedimentary record that survive, and need to consider the unconformities
as part of that history. (D) The record includes a series of spectacular shellbeds (Zones 10, 14, 17, 19)
and a thin but geographically extensive marine bonebed (Zone 12), but these kinds of deposits have
received very little study in modern settings, thus providing little guidance for interpreting ancient
examples.
However, in our favor, (E) the Calvert Cliffs provide spectacularly large outcrops to work with.
Moreover, (F) fossils provide important paleo-environmental information, both by paleo-ecology (we
assume that extinct species had preferences similar to their living relatives) and by forensic analysis
(analyzing the damage that shells and bones acquired between death and final burial, and the conditions
necessary to concentrate them into shellbeds and bonebeds).
Based on an array of geological and paleontological evidence, we can subdivide the Calvert
Cliffs into 2 paleo-environmental phases:
Phase I. Fully saline continental shelf conditions represented by the Calvert (Plum Point) and
Choptank Formations, existing in the Calvert Cliffs between 18 and 11 million years ago. Visualize the
gently-sloping seafloor that extends today from the sandy surf-zone of Ocean City eastward to the edge
of the Atlantic continental shelf (~150 m water depth). The Miocene shelf was muddier than the modern
mid-Atlantic shelf and more like the modern Texas shelf: with increasing water depth and distance
offshore, the seafloor changes from nearshore sands to muddy sands, sandy muds, and finally pure muds
in the deepest waters, where fine sediments can come to rest. Abundant burrows produced by bottomdwelling animals (worms, shrimp, mollusks, sea-urchins) indicate that Miocene seawaters were fully
charged with oxygen and that, even near to shore, water-energy was only moderate (more like the
modern mid-Atlantic and Gulf coasts than like the rough surf of California and Oregon). The great
lateral extent of most of the Plum Point and Choptank Zones (1-20) also suggests a shelf setting, as does
how little each Zone varies in composition when traced laterally. Zones 11-13 reflect the deepest water
and most offshore conditions – specifically, water depths >~40-50m – and includes the richest array of
marine mammals, reptiles, fish, and sharks, along with the most diverse micro-plankton in the Calvert
Cliffs record. The rest of the Calvert and Choptank formations reflect progressively shallower and more
onshore portions of a marine shelf, including sandy and shelly seafloors of a few meters to 10-20m of
water depth.
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In detail, the striking alternation of very-shelly and less-shelly Zones in the Plum
Point/Choptank record -- and the repeated cycles of deepening and shallowing that these alternations
represent -- indicates that the Miocene shoreline shifted repeatedly in its position during its overall
retreat, migrating an array of open-shelf environments back and forth across what is today the Maryland
Coastal Plain about every 1 million years. The unconformities represent intervals of full marine retreat,
when the shoreline was located far to the east, exposing the (former) seafloor to terrestrial processes of
erosion and weathering. The major shellbeds (Zones 10, 14, 17, 19) rest directly on these erosion
surfaces and represent the reflooding of the area, probably driven by sea level rise. During such rises,
sediment runoff from the land is trapped by newly formed coastal bays, effectively starving the shelf of
sediment supply. Shells and bones could thus accumulate in undiluted abundance, probably enhanced
by seafloor winnowing (and perhaps slightly higher productivity, if waters are slightly warmer when sea
level is rising). In contrast, the intervening muddy intervals of the Calvert-Choptank formations
represent phases of marine retreat, driven by a combination of sea level lowering and the resumption of
sediment supply to the open shelf (but eventually culminating in erosion and the formation of the next
unconformity, once retreat reaches an extreme). The Calvert-Choptank record of overall shallowing
thus consists in detail of many repeated deepening-and-shallowing cycles, each having a maximum
water depth that is less deep than the previous cycle, and including some environments that are
shallower than any attained in the previous cycle.
Phase II. Mixed salt & freshwater conditions in a tide-influenced coastal embayment,
represented by the St. Marys Formation, existing in the Calvert Cliffs between 11 and ~8.5 million years
ago. Visualize a V-shaped estuary like the modern Raritan Bay, which focuses both tidal energy from
the ocean as well as freshwater and sediment runoff from the land. Separated from the Choptank Fm by
an unconformity, the St. Mary Fm represents a distinct shift to a small coastal embayment. This
embayment trapped a great deal of organic-rich muds, but was still rimmed by wave-washed sandy
beaches, flats exposed at low-tide, and tidally influenced swampy streams (Zones 22-23 of Calvert Cliffs
State Park and Little Cove Point). The difficulty we have in tracing individual beds laterally is additional
evidence of a smaller physical embayment of sediment accumulation for the St. Marys Fm, as is the
wide array of sediment types that are present. These include high-energy medium to coarse sands,
pebble beds, abundant wood and other plant debris, and small shells swept into mounded banks. Animal
life and micro-plankton are also less diverse, and includes species that are typical of modern low-salinity
estuaries. From BGE south to Little Cove Point, fully terrestrial gravels cap the St. Marys Fm,
representing sediment accumulation in freshwater rivers that cut across this terrain at some time after the
Miocene.
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1 = below storm
wave base
2 = between storm
& fair-weather
wave bases
3 = shoreface or
other above fairweather wave-base
area
4 = intertidal

Editor’s Note: Stratigraphy of Calvert Cliffs
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One of the Most Primitive Representatives of the True Seal Leptophoca
lenis (Carnivora: Phocidae) from the Calvert Formation, Late-Early Miocene
Koretsky, Irina A.
Laboratory of Evolutionary Biology, Dep. of Anatomy, College of Medicine, Howard University
520 W St. NW. Washington, DC 20059, USA
ikoret123@aol.com
The best fossil record of phocid pinnipeds in the USA, and is from the North Atlantic,
predominantly from the Yorktown Formation of the Lee Creek Phosphate Mine of North Carolina. Two
subfamilies of phocid seals are represented in Pliocene deposits of the coastal plain of the eastern United
States.
One of the most primitive representatives of the true seals (Phocinae), Leptophoca lenis from the
Calvert Formation (≈18 MA) has been collected from numerous locations along the western shore of the
Chesapeake Bay. This phocid shows a mixture of derived phocine characters in combination with the
primitive characters it shares with the other subfamilies. This suggests that L. lenis might represent the
common ancestral morphotype of Phocinae. Moreover, L. lenis shares some characters with other genera
of Phocinae, such as: the shape of the posterior portion of the nasal bones – shared with Histriophoca;
the width of the interorbital region compared to the width at the mastoid processes - with Phoca; the
diameter of the infraorbital foramen equal to the diameter of the alveolus of the upper canine - with
Pagophilus; the location of the lesser tubercle of the humerus - with Sarmatonectes; and other features.
One of the oldest known fossil seals (from South Carolina) suggests an origin of phocids on the
western shore of the North Atlantic. This “Oligocene seal” from the Chandler Bridge and Ashley
formations (Lower Chattian, Late Oligocene) near Charleston, South Carolina, provides the earliest
evidence to date of true seals. This fossil material is clearly referable to the Phocidae, and closely
comparable to the most specialized phocid, the modern genus Cystophora.
The family Phocidae diverged from primitive Carnivora probably in the late Oligocene, became
widely distributed during the Middle and (especially) Late Miocene, and practically ceased to exist in
Paratethys and on the eastern shore of the USA in the Early Pliocene.
The paleontological record supports earlier biogeographical arguments that phocids arose in the
North Atlantic, whereas sea lions and walruses arose in the North Pacific.
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Fossil Birds of the Chesapeake Group
Olson, Storrs L.
Division of Birds, Smithsonian Institution, PO Box 37012, National Museum of Natural History
Room E 607 MRC 116, Washington, DC 20013-7012, USA
olsons@si.edu
Numerous specimens of fossil birds have been accumulated from the Calvert Formation and
overlying strata over the past 130 years or so. Most species are characteristic of a pelagic marine
environment, with land and shore birds being much scarcer. The birds give the impression of
comparatively depauperate temperate seas, probably without nearby upwelling of colder waters, unlike
the much richer avifauna of the early Pliocene Yorktown Formation. The most abundant birds are
gannets, of which there are 3 species, all smaller than those living today. Other marine birds include
shearwaters, a rare small albatross, 3 or 4 small auks, a few gull or tern-like birds, and the gigantic
pseudodontorns. A number of totally extinct lineages with no living descendents are present and the
avifauna, as might be expected, has a decidedly less modern aspect than early Pliocene marine
avifaunas. The North Atlantic in the middle Miocene appears to have been relatively isolated because
the birds also seem less modern than in contemporaneous marine avifaunas from the Pacific.

Filming an excavation, Calvert Cliffs, Calvert County, Maryland. Photo by Paul Murdoch © CMM
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Evolutionary Changes in the Aperture and Umbilicus of the Extinct
Gastropod Ecphora
Seifter, Jared
Ellicott City, MD 21042, USA
eseifte@jhmi.edu
The extinct marine gastropod genus of Ecphora existed between 25 million and 3.5 million years
ago, spanning most of the Miocene and Pliocene Epochs. Several species are distinguished by their
stratigraphic location and their distinctive morphologies. In order to determine if the relative sizes of the
aperture and umbilicus varied within and between the various species, 20 specimens from each of the
following species/locations were identified: Ecphora tricostata (Plum Point, Calvert Co., MD, Calvert
Fm), Ecphora meganae (Matoaka, Calvert Co., MD, Choptank Fm), Ecphora gardnerae (Chancellor
Point, St. Marys Co., MD, St. Marys Fm), Ecphora quadricostata (Lee Creek Mine, Beaufort Co., NC,
Yorktown Fm), and Ecphora quadricostata (Duplin Quarry, Cross, SC, Yorktown Fm). The calculated
areas of the oval-shaped aperture and umbilicus of each Ecphora were normalized by the approximate
area of the whole Ecphora and then compared within and between each species.
For Ecphora tricostata in the Calvert Fm, the aperture and umbilicus are relatively close in size;
in this species, the aperture is smallest relative to the area of the complete shell (21 + 4.2%), whereas the
umbilicus is at its largest relative area (22 + 3.9%). For Ecphora meganae in the Choptank Fm, the
aperture size is similar to E. tricostata (23 + 3.5%), but the umbilicus is significantly smaller (7.2 + 1.5
%), usually one-third the size of the aperture. For Ecphora gardnerae and Ecphora quadricostata, the
aperture increases in size (from 26 + 3.1% to 34 + 5.4% respectively), whereas the size of the umbilicus
is intermediate (14 + 3.7% and 14 + 2.2% respectively). For Ecphora gardnerae and Ecphora
quadricostata, the umbilicus is usually one-half or slightly less of the size of the aperture. The
consistency of the measurements of these shell openings within each species verifies the divisions
between the species as devised by prior paleontologists. Studies of living marine gastropods might
reveal the functional significance of these size differences in the aperture and umbilicus.
A rule can be derived from these data to help with taxonomic classification. Three prominent
costae, uncoiling around the axis, and an umbilicus that is close to the size of the aperture all
characterize Ecphora tricostata. Four thick, T-shaped costae are found in Ecphora gardnerae, the
Maryland State Fossil. Ecphora meganae and Ecphora quadricostata are both defined by 4 thin costae,
but in E. meganae, the umbilicus is significantly smaller than in E. quadricostata. In almost all cases,
the area of the umbilicus divided by the area of the Ecphora was less than 10% for Ecphora meganae
and over 10% for Ecphora quadricostata.

Editor’s Note: The extinct marine
gastropod, Ecphora sp.
(Muricidae).
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Driftwood-transported mid-Miocene Lithic Erratics from the Calvert Cliffs,
Maryland Coastal Plain
Vogt, Peter R.
National Museum of Natural History, Paleobiology, PO Box 37012, MRC-121, Washington D.C.
20013-7012, USA
vogtpr@comcast.net
Ashby, Wallace L.
Scientists Cliffs, Port Republic, MD, USA
Parrish, Mary A.
Smithsonian Institution, Washington, DC, USA
With help from J. Glaser, D. Vanko, B. Roberts, D. Bohaska, G.N. Bohaska, and J. Vogt
Rare lithic erratics were collected over 25 years from intermittently exposed mid-Miocene
(Serravallian) shallow marine deposits (upper Calvert Formation), S. Kidwell’s informal units younging
from Parkers Creek bone bed (PCBB; Shattuck “zone” #12) through her Glossus-Chione interval (CGI,
#13), and overlying Kenwood Beach shell bed (KBSB #14), along 1-4 km of the Calvert Cliffs (western
shore of the Chesapeake Bay, between Kenwood Beach and Parkers Creek), Calvert County, Maryland.
Of the ca. 220 samples collected since 1982, a subset of 191, collected largely by W. Ashby from 1982
to 1992, were described by John Glaser, formerly of the Maryland Geological Survey. These rocks, ca.
5- 50mm in diameter were characterized by A) stratum, B) roundness, C) lithology, and D) (based on C)
putative original provenance, as follows: A) PCBB, 24%; GCI, 4%; KBSB, 70%; B) angular, 12%;
subangular, 30%; subrounded, 39%; rounded, 19%; C) quartz or vein quartz, 36%; microcrystalline
quartz, 12%; quartzite and metaquartzite, a few micaceous or feldspathic, 14%; precipitates, mainly
phosphorite, 20%; siltstone, metasiltstone, sandstone and chert, 2%; gneiss and schist, 3%; D) Coastal
Plain (phosphorite etc), 22%; Piedmont, 57%; western Piedmont or Appalachians, 11%; western
Piedmont/Blue Ridge/Appalachians, 2.5%; and Appalachians, 4%. The remaining ca. 3% (mostly quartz
diorite gneiss) are the only erratics reasonably ascribed to a particular source—the Port Deposit Gneiss,
near the mouth of the present Susquehanna River, ca. 120km NNE from the collection site. Mafics as
well as Allegheny Plateau-type indurated and frequently fossiliferous sediments are essentially lacking,
ruling out distant northern or western sources. One feldspathic clast (anorthosite?) may be of New York
origin. River ice can probably be ruled out as a transport mechanism, given the warm-temperate to
subtropical paleo-climate; thus, most or all the rocks were most likely trapped in the roots of river-bank
trees, liberated by bank erosion and floated into the Calvert Sea, serving as an independent tracer for
vertebrate carcasses transported by the “bloat and float” mechanism. Common carbonized woody debris
in the sampled strata (typical outcrop dimensions 1-2cm X 2-10cm) supports transport by driftwood,
although no clast has yet been found directly associated with wood. Based on modern cliff erosion,
collection efficiency, and average Calvert Formation sedimentation rates, we estimate an average longterm delivery of the order one clast/km2-yr to the bottom of the Calvert Sea. Assuming constant input of
driftwood, the dramatic difference in clast concentration in PCBB and KBSB, vs. the intervening GCI, is
readily attributed to some combination of two factors—1) decrease in driftwood-rafting with increasing
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distance offshore; and 2) reduced dilution by fine sediment, yielding a condensed section in a
sediment-starved or high-energy nearshore environment. This clast density difference mirrors that of
vertebrate and invertebrate macrofossils and is consistent with Kidwell’s interpretations of successive
depositional environments as sediment starved/bypassed/condensed (PCBB), intermediate marine
sublittoral (GCI), and transgressive sublittoral/polyhaline (KBSB). However, there was no observed
concentration of clasts at the base of the KBSB, as would be expected from a lag deposit on Kidwell’s
postulated PP-3 disconformity at the base of this unit.

St. Marys Formation, Calvert Cliffs, North of Driftwood Beach, Calvert County, Maryland.
Photo by S. Godfrey © CMM
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Significance of Maryland’s Cliffs of Calvert
Vogt, Peter R.
Adjunct Professor, Horn Point Environmental Laboratory, 2020 Horn Point Rd., Cambridge, MD 21613
vogtpr@comcast.net
Eshelman, Ralph E.
Eshelman & Associates, Lusby, MD 20657, USA
ree47@comcast.net
The 10-40m high Calvert Cliffs, bordering the western shore of the Maryland Chesapeake Bay
for 25 miles, form a scenic landmark, which at the same time offers one of the best-known and
significant exposures of fossiliferous mid-Miocene (from about 20 to 10 million year old) shallow
marine sediments on the planet. In this paper we summarize not only the paleontological significance,
which began to be recognized over 200 years ago-- a century before radiometric dating allowed science
to put “real years” on the Miocene epoch -- but also to place the Miocene exposures into a global
context. A bonanza of Miocene marine and land animal fossils has been recovered from the cliffs, with
specimens exhibited or under study around the world. Nineteenth century paleontologist giants,
including Sir Charles Lyell, Thomas Say, and Edward Drinker Cope (of dinosaur fame) described fossils
from the Calvert Cliffs. Species identified to date include over 23 different diatoms, 23 foraminifera, 25
ostracods, over 400 molluscs, 28 cetaceans, as well as other marine mammals, reptiles, birds and
invertebrates, and many land plants, mammals and birds from the adjacent land. Together with the
sediments that had entombed these fossils, this material forms the basis for reconstructing the
paleoclimates, more broadly the paleoenvironments and paleoecologies, over the span of about ten
million years.
But what geologic circumstances have left us this bonanza? The strata (layers) exposed in the
Calvert Cliffs form the top of the relatively thin (0 to about a mile thick) landward portion of a massive
sediment wedge left on the eastern edge of North America following its separation from Africa about
175 million years ago. (The seaward portion, beyond the “hinge line” under Ocean City, is up to 5 miles
thick). The sand and silt in the Miocene and other sediments in this wedge represent the insoluble
mechanical residue of the eroding folded Appalachians and Piedmont, while the clays were formed by
chemical weathering of less stable minerals—for example feldspars. The break between Africa from
North America generally followed pre-existing Appalachian mountain structures, a northeast-trending
zone of ancient weakness formed by complex plate collisions from 480 to 260 million years ago. This
orogenic belt developed along the line of rifting of an earlier Atlantic (Iapetus Ocean), which began to
open from about 600 to 520 million years ago. But this rift in turn developed along the line of the still
earlier Grenville orogeny, whose billion-year-old rocks are exposed in the Blue Ridge—and is surely
represented among the sand grains in the Calvert Cliffs! Plate-tectonically speaking, the story that led to
the sediments in the Calvert Cliffs began a billion years ago!
What is so special about the middle Miocene? Why do we have sediments from that particular
interval of time so well preserved in Calvert Cliffs? At least part of the answer is that global sea levels
were generally high then (perhaps peaking around the time of the Parker Creek Bone Bed, laid down
about 15 million years ago). Why sea levels were high then is not clear —possibilities include reduced
Antarctic ice sheet volumes coupled with higher past temperatures and perhaps increased CO2 emissions
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caused by volcanic action. New undersea volcanoes or seafloor rises may have displaced seawater,
similar to bricks being placed in a full bathtub.
Why are there such thick and continuous Miocene exposures in this particular area? The midAtlantic coastal plain sediment wedge, southeast of an arc through its landward edge, passing through
Philadelphia, Washington, Richmond, and Norfolk, is underlain by the “Salisbury Embayment,” a
depression of the continental crust, which had been present even before the Miocene seas began to fill
this depression. What formed this low area is not known with certainty—perhaps the crust and upper
mantle below have cooled and contracted more than elsewhere, and loading by sediments from the
Piedmont and Appalachians would have further depressed the ground.
Prof. Susan Kidwell has explained that each major shell bed exposed in Calvert Cliffs is the
shallower-water record of an advancing (transgressing) sea. The overlying, fossil-poor sediment layer
was then deposited in deeper water, before the next regression (withdrawing of the sea), which left little
or no record in the cliffs. But what could have caused these repeated advances and retreats of the midMiocene sea? One possibility is changes in global sea level, caused by fluctuations in Antarctic ice sheet
volume. If so, the ca.1 million year spacing of the shell beds is puzzling, given the known astronomic
“pacemaker” earth-orbit frequencies (every 23, 41, 100 and 413 thousand years) known to drive much
climate variability. Nevertheless, there is geophysical evidence for about five mid-Miocene West
Antarctic ice sheet advances and retreats, which should correspond to falls and rises of global sea level.
Is this coincidence or possibly evidence that our Calvert Cliffs record is a response to distant Antarctic
ice sheet fluctuations? And what of the big ice sheet/climate event—a rapid expansion of the East
Antarctic Ice sheet 13.9 million years ago? If any glacial event were recorded in Calvert Cliffs
sediments, this would be the one! The timing places it around the time of Shattuck zones 14 to 17. Could
the unusual (for the sediments in Calvert Cliffs) channel filled with the “Governor’s Run sand” have
been carved in response to the implied dramatic sea level drop? Future researchers may test this
speculative observation.
If our land is constantly sinking, and younger sediments are piled onto older ones, how come we
still have exposures of Miocene marine sediments along Calvert Cliffs? Post-Miocene increases in ice
sheet volume would have lowered sea levels, allowing rivers to cut deep valleys into older sediments
during glacial extremes. These channels were then flooded by the sea and widened during Interglacial
highstands, creating “Chesapeake Bay” type estuaries, wide enough for waves to erode higher-standing
ancient sediments sequences along their banks, as we see in Calvert Cliffs today.
Calvert Cliffs represents a ten million-year history book that has only been read during the last
two centuries. Much more remains to be unraveled. We strongly urge protecting, if necessary with
public moneys, the few surviving “pristine” segments of Calvert Cliffs—particularly the five geological
type sections—from further cliff-top development, revetments, bulkheading, etc., not only for research
purposes, but also for outdoor education and recreation as well as preserving a scenic landmark for
tourism. What we protect for our descendents to study and enjoy will be irreplaceable as well as
priceless!
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Calvert, Choptank, and St. Marys Formations: Revision, Correlation,
Subdivision, Traceability, and Age
Ward, Lauck W.
Virginia Museum of Natural History, 1001 Douglas Ave., Martinsville, VA 24112, USA
lauck.ward@vmnh.virginia.gov
Excellent fossiliferous exposures of the Calvert, Choptank, and St. Marys formations occur along
the Chesapeake Bay and its tributaries in Maryland and Virginia. Stratigraphic cross-sections were
constructed along the Chesapeake Bay and Patuxent, Potomac, and Rappahannock Rivers, which allow
correlation of the various beds from the Chesapeake Bay to sections as far updip as Richmond, Virginia.
The nomenclatural history of the Calvert, Choptank, and St. Marys and its members and beds is
reviewed and the units are redescribed. Stratotype sections are selected and correlation and age of the
beds is documented. The term “Calvert Beach Member,” is abandoned. The Conoy Member is assigned
to the basal St. Marys Formation and two new members, the Little Cove Point and the Windmill Point,
are formally introduced as subdivisions of the St. Marys.
Field work on the western shore of the Chesapeake Bay, in Calvert County, Maryland, along the
Patuxent River in Calvert and St. Marys counties, Maryland, the Potomac River in Westmoreland
County, Virginia, the Rappahannock River in Richmond County, Virginia, and the Mattaponi and
Pamunkey Rivers in Virginia was undertaken to establish the contact relationships between the Calvert,
Choptank, and St. Marys formations and their associated intraformational units. Sections were studied
and measured along major outcrop areas as well as minor supplementary exposures. Intraformational
beds, in most cases corresponding to the “Zones” of Shattuck (1904), were traced to determine their
geographic continuity. Examination of these beds has revealed that some features, such as the “Zone”
13/14 (of Shattuck, 1904) contact was traceable southwestward into Virginia. Other contacts and beds
had only local traceability and could not be identified in Virginia.
The tracing of Shattuck’s (1904) “zones” has presented a number of problems to geologists
working in the Miocene of Maryland and Virginia. Studied sections indicate that beds called “Zone 16”
by Shattuck (1904) at one locality are lateral equivalents of those called ”Zone 15” and “Zone 17” by
him at other exposures.
Multiple systems of stratigraphic subdivision have been used for the Calvert, Choptank, and St.
Marys units including the “zones” of Harris (1893), “zones” of Shattuck (1904), members of Gernant
(1970), “depositional sequences” of Kidwell (1984), and depositional events (D.E.) of Ward (1985).
Those terminologies and their author’s interpretations are reviewed in regard to the major sections
exposed along the Chesapeake Bay and the Patuxent, Potomac, and Rappahannock Rivers.
Two fossil groups, mollusks and diatoms, have been used for stratigraphic control. Work with
the mollusks (Glenn, 1904; Martin, 1904; Schoonover, 1941; Blackwelder and Ward, 1976; Ward, 1980,
1992) has provided good stratigraphic control for that group when they are present or preserved in the
distal, open-marine portions of the basin. Diatom studies by Andrews (1976, 1978) and Abbott (1978,
1982) have provided good supplementary stratigraphic control with that group, especially with regard to
the finer sediments of inner-bay facies.
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Crocodilians from the Miocene of Maryland and Virginia
Weems, Robert E.
U.S. Geological Survey, 926A National Center, Reston, VA 20192, USA
rweems@usgs.gov
All crocodilian remains from Miocene marine strata of northeastern Virginia and southern
Maryland are referable to two species named in the nineteenth century; Thecachampsa sericodon Cope:
(senior synonym of Thecachampsa sicarius Cope) and Thecachampsa antiquus (Leidy) (senior synonym
of Thecachampsa contusor Cope). Although Thecachampsa ends in the letter “a,” “champsa” is not
derived from a feminine first declension Latin word. Rather, “champsa” is derived from an Egyptian
word for crocodile by way of Greek and is a masculine noun. Therefore, the Latin species name
“antiquus” should be masculine to conform to the gender of the generic name.
These two species differ in relative skull proportions and in the proportions of some individual
skull elements (Figures 1 and 2). Additionally, T. sericodon has a heterodont dentition specialized
anteriorly for grasping fish (“sericodon” type) and posteriorly for slicing them (“sicarius” type). In
contrast, T. antiquus has a more generalized homodont crushing/piercing dentition (Figures 3 and 4).
Other skeletal elements, when found isolated, are only recognizable to generic level. Thecachampsa
sericodon has been found so far only in the upper part of the Calvert and lower part of the Choptank
formations (middle Miocene), whereas T. antiquus has been found in the Calvert, Choptank, St. Marys,
and Eastover formations (lower through upper Miocene).
Thecachampsa sericodon and T. antiquus are similar to, but not identical with, the Florida
Pliocene crocodilian ‘Gavialosuchus’ americanus (Sellards). Several other closely related Miocene
species are known from southern Europe and northern Africa (‘Tomistoma’ calaritanus Capellini,
‘Tomistoma’ lusitanica Vianna & Morales, and Gavialosuchus eggenburgensis Toula & Kail). All of
these species are closely related and probably should be included within the genus Thecachampsa,
which is the oldest generic name validly applied to any of these remains.
Specimens of Thecachampsa typically are found in shallow marine coastal deposits, suggesting
that the various species within this genus habitually inhabited coastal marine waters. The American
species probably originated by immigration of one or more Tethyan species across the Atlantic Ocean
by way of prevailing equatorial oceanic currents from the present Mediterranean region (Figure 5).
Remains of Thecachampsa are fairly common in the Miocene to Pliocene coastal marine deposits of
eastern North America, southern Europe, and northern Africa, but no specimens are known from the
Pleistocene of any of these regions. The tectonic collapse of the eastern Tethys Sea and the
establishment of a glacial climatic regime probably resulted in the extinction of these animals from the
North Atlantic basin. The only living relative of Thecachampsa is Tomistoma schlegelii (Müller), which
survives in tropical Southeast Asia.
Figure abbreviations: ept = ectopterygoid, f = frontal, j = jugal, l = lachrimal, m = maxillary, n =
nasal, na = narial aperture, oc = occipital condyle, orf = orbital foramen, q = quadrate, qj =
quadratojugal, pa = parietal, pal = palatine, palf = palatal foramen, pf = postfrontal, pm = premaxillary,
po = postorbital, pt = pterygoid, q = quadrate, qj = quadratojugal, sq = squamosal, st = supratemporal,
stf = superior temporal foramen.
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FIGURE 1 – Skull of Thecachampsa sericodon Cope in dorsal (left) and ventral (right) views.
Restoration based on USNM 25243.
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FIGURE 2 – Skull of Thecachampsa antiquus (Leidy) in dorsal (left) and
ventral (right) views. Dorsal view based on USNM 299913 and ventral
view based on USNM 24938 and USNM 24939.
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FIGURE 3. Skeletal elements of Thecachampsa sericodon Cope. A, Distal quadrate,
B, left ilium, C, Left femur, D, Teeth (posterior to anterior, left to right), E, Unkeeled
armor, F, Keeled armor. Virginia Museum of Natural History specimen from Calvert
Beach Member of Calvert Formation, Stratford Cliffs, Westmoreland County, Virginia.
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FIGURE 4. Skeletal elements of Thecachampsa antiquus (Leidy). A, left femur. B, right ilium. C,
left tibia. D, lateral tooth. E, ungual phalanx. Calvert Marine Museum specimen, Popes Creek
Sand Member, Calvert Formation, Popes Creek, Charles County, Maryland.
The Geology and Paleontology of Calvert Cliffs, Calvert Marine Museum, November 11th, 2006

35

FIGURE 5 – Continents and seas in the middle Miocene (~12 mya) (after
Smith, Smith, & Funnell, 1994, Atlas of Mesozoic and Cenozoic Coastlines).
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Fossil Turtles from the Calvert Cliffs
Wood, Roger Conant
Richard Stockton College of New Jersey, Pomona, NJ 08240, USA
The Wetlands Institute, Stone Harbor, NJ 08247, USA
roger.wood@stockton.edu
Fragmentary remains of fossil turtles are not uncommon in the Calvert Cliffs but
relatively complete, readily identifiable specimens are rare. Three types of marine turtles have
so far been recognized: Syllomus aegyptiacus, Procolpochelys grandaeva, and the leatherback
“Psephorphorus” calvertensis. Adult examples of Syllomus are smaller in size than any living
marine turtles, while leatherbacks are among the largest turtles that ever lived. Rarer
components of the turtle fauna include a pelomedusid (side-necked) turtle, originally described
as Taphrosphys miocenica, as well as a tortoise, Geochelone ducatelli. Study of recently
collected and exceptionally well-preserved leatherback specimens, combined with a
reexamination of the original material of “Psephophorus” calvertensis, suggest that there may
have been two taxonomically distinct types of leatherback turtles preserved in the Calvert Cliffs.
Moreover, the attribution of “Psephophorus” calvertensis to the genus Psephophorus is
questionable. A new addition to the Calvert turtle fauna, based so far only on distinctively
sculptured fragments, is some kind of “soft-shelled” (trionychid) turtle. Neither Syllomus nor
Procolpochelys have surviving descendants, but a single species of surviving leatherback has a
global distribution. Side-necked turtles today are fresh-water forms restricted in distribution to
the Southern Hemisphere (Africa, Australia, Madagascar, New Guinea, and South America).
However, fossils show that side-necked turtles occurred in the Northern Hemisphere from the
late Cretaceous through the Pliocene. Furthermore, some extinct pelomedusids were probably
marine or at least estuarine forms. But owing to its extreme rarity and incomplete preservation in
the marine sediments of the Calvert Cliffs, Taphosphys miocenica was in all likelihood a fresh
water turtle. The same is likewise probable for the so far poorly represented Calvert soft-shelled
turtle. Geochelone ducatelli was undoubtedly a terrestrial form with no modern equivalent
surviving in the mid-Atlantic coastal region. The co-occurrence of three types of fossil marine
turtles is not surprising. Along Florida’s Atlantic coast now, for example, nesting aggregations
of three different marine species (loggerheads, greens, and leatherbacks) exist in the vicinity of
Jupiter Inlet.
Editor’s Note: The living leatherback turtle,
Dermochelys coriacea. Photo by Dr. Scott A.
Eckert, Wider Caribbean Sea Turtle Conservation
Network (WIDECAST)
http://www.dfo-mpo.gc.ca/speciesespeces/species/fullSize_leatherbackTurtle_1_e.asp
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Notes:

Calvert Formation, Calvert Cliffs north of Parkers Creek, Calvert County, Maryland.
Photo by S. Godfrey © CMM
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