


DEDICATION

Dr. Thomas W. Amsden joined the Oklahoma Geological Survey in 1955
and retired officially in 1985. During his 30-year tenure with the OGS, Tom
compiled an exemplary record of research. His publication list is impressive
by any standard of measure.

Beyond this statistical measure of performance, Tom is in every sense a
professional. He pursues his studies with quiet diligence. He has a strong
work ethic and holds himself, and those that support his efforts, to the high-
est professional standards in both quality and quantity. He does not suffer fri-
volity and lame excuses for poor performance lightly. In short, Tom has estab-
lished the benchmark at the OGS for what a professional geologist should be.

The contributions Tom has made to our understanding of lower Paleozoic
litho- and biostratigraphy are well recognized by all who have had reason to
read his publications or have discussed his studies with him. Among the few
investigators who have differed with his findings, none has questioned his
exacting standards of analysis. All have benefited from his years of meticulous
study.

Beyond his quiet and, at times, gruff exterior, Tom is a very human and
caring person. I have had the pleasure of working with him for most of his
tenure with the OGS, and continue to value his wise advice, as I did during
my early years as director of the Survey when he, and the late Bill Ham, were
my sources of counsel, inspiration, and comfort. [ am pleased to have Tom as
a colleague and friend, and am honored that he considers me in a similar way.

Although Tom has been officially retired since 1985, he continues to pursue
a life-long love affair with “his Silurian and Devonian rocks and fossils.” All
of us who have had the privilege to know, work, and play with Tom are
clearly the better for it. My colleagues join me in dedicating this special vol-
ume of papers in his honor, and look forward to many years of further col-
laboration with this uncommon man.

CHARLES J. MANKIN
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Biographical Note

Thomas W. Amsden, one of the Oklahoma
Geological Survey’s most respected and widely
published geologists, was born January 31,
1915, in Wichita, Kansas. Tom received his
secondary education in Wichita. He attended
the University of Kansas in 1933-34. From 1934
to 1936, Tom managed a lumberyard belonging
to his grandfather in Blackwell, Oklahoma, but
decided the business was not for him. He re-
turned to college at Wichita State University
where he studied under the distinguished
petroleum geologist, Walter Wer Wiebe, re-
ceiving his bachelor’s degree in 1939. At the
time of his graduation, the oil industry was
again in one of its periodic slumps and Tom
proceeded on to The University of lowa where
he became one of A. K. Miller’s numerous
graduate assistants. Tom’s master’s thesis was
a study of an Ordovician conodont fauna col-
lected from the Bighorn Mountains of Wyo-
ming. He received his master’s degree in 1941.

Tom was married in 1940 in Wichita,
Kansas, to Virginia McCoy. They have two
children, a son Thomas, a physician in Minne-
apolis, Minnesota, and a daughter Kathy, a
school teacher in Oklahoma City. Reportedly,
Tom wished to name the children Pentamerus

vi

siluricus and Dictyonella devonica, but Mrs.
Amsden had other suggestions. There are three
grandchildren.

From Iowa, Tom pursued his developing
paleontological interest at Yale (1941-43)
where he enlisted as a student of Professor C.
O. Dunbar. He started a stratigraphic and
paleontologic study of the Brownsport Forma-
tion of western Tennessee, but the war inter-
rupted his project. He joined the Strategic
Minerals Section of the U.S. Geological Survey
where he worked (1943-45) under several able
party chiefs, including Walter White, Gil
Espenshade, and John Cooper. His work
mainly involved geologic mapping and
mineral investigations in a variety of terranes,
including the slate belt of Vermont, the meta-
sediments of the Great Smoky Mountains, and
a fossiliferous Paleozoic sequence in the Little
Dragoon Mountains of southern Arizona.

When the war was over, Tom completed
his Ph.D. degree at Yale in 1947 and started
teaching paleontology at The John Hopkins
University. While teaching at The John Hop-
kins University (1947-55), Tom spent much
time at the U.S. National Museum where he
first became acquainted with Dr. G. Arthur
Cooper. In addition, he spent much time in the
field with the distinguished structural geolo-
gist, Professor Ernst Cloos, assisting him with
the Hopkin'’s Field Camp and with his various
consulting endeavors.

In 1955, Tom moved from Baltimore,
Maryland, to Norman, Oklahoma, to join the
Oklahoma Geological Survey. His 30 years of
investigations with the Oklahoma Geological
Survey have concentrated on the taxonomy,
lithofacies, and biofacies of brachiopod faunas
from Late Ordovician through Early Devonian
strata in the southern Midcontinent region
of the United States. Since 1960, Tom has at
various times received financial support from
the National Science Foundation and the Okla-
homa Geological Survey to collect and examine
brachiopods from strata of Late Ordovician—
Early Devonian age in Great Britain, Sweden,
Norway, Poland, Czechoslovakia, Russia,
China, and Australia.

One of the highlights of Tom's brilliant
career was his selection in 1989 as the recipient
of the Paleontological Society Medal for con-
tributions not only to paleontology but also to



geology as a whole. At the award ceremony
in St. Louis, ]. Thomas Dutro, Jr., of the U.S.
Geological Survey, noted, “Tom’s monograph
studies of the Anadarko and Arkoma Basins,
in 1975 and 1980, respectively, are models of
sedimentary basin analysis. . . . Tom Amsden
is a warm, generous, helpful scientist who
has been both mentor and friend to younger
paleontologists whom he has influenced
during his long and fruitful career.”

Tom has always had a keen interest in fish-
ing, especially fly fishing, and in bird hunting.
Since coming to Norman, he spent several
years growing orchids in his greenhouse. He
also is an avid rose grower, having exhibited in
many rose shows. He was a rose judge for the
American Rose Society for many years. Since

his official retirement from the Oklahoma
Geological Survey in 1985, he has enjoyed
traveling with his charming wife Virginia to
India, Africa, Peru, and the Galapagos Islands.
Tom continues his studies and remains actively
involved in research on a part-time basis with
the Oklahoma Geological Survey.

The Oklahoma Geological Survey is most
grateful to Tom Amsden for his creative and
imaginative graphics and scientific thorough-
ness in the wealth of publications he has pro-
duced on Oklahoma geology which have
brought him international acclaim. The Okla-
homa Geological Survey has honored itself by
honoring Dr. Thomas W. Amsden, this cul-
tured and illustrious paleontologist, geologist,
educator, and humanitarian.

Tom and Virginia in China at the 1987 International Congress on
Carboniferous Stratigraphy and Geology.
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Proximality Trends in the Red Mountain Formation
(Lower Silurian) of Birmingham, Alabama

B. Gudveig Baarli

Williams College, Williamstown, Massachusetts

Scott Brande
University of Alabama at Birmingham

Markes E. Johnson

Williams College, Williamstown, Massachusetts

ABSTRACT.—The Red Mountain Formation (Lower Silurian, Llandoverian Series) exposed at Bir-
mingham, Alabama, was deposited in a shallow marine environment. It displays an array of facies
from the littoral beach to the offshore mud shelf. The method of proximality analysis was used suc-
cessfully to obtain detailed relative depth data throughout the formation. The results of proxi-
mality analysis for two different localities are closely comparable, demonstrating good lateral
continuity of proximality characters. A master sea-level curve for the central Birmingham area gen-
erated by means of proximality analysis demonstrates four distinct highstands in sea level. At least
three of the four conform in timing to the global record for the Llandoverian Series. The best dated
of the Birmingham deepening episodes is marked by an early development of Costistricklandia
lirata, indicating a late Telychian age.

Fossils preserved in situ are rare, but there is a well-developed Costistricklandia Community oc-
curring in the offshore mud shelf facies. A Pentamerus Community is found in the transition zone,
whereas a trace fossil community is defined in cobbles related to a transgressive ravinement sur-

face. This community demonstrates the first Silurian occurrence of the trace fossil Trypanites.

INTRODUCTION

Four cycles of eustatic change commonly are
recorded in Lower Silurian strata assigned to the
Llandoverian Series. Most of these cycles have
been correlated on three independent paleocon-
tinents, Laurentia (North America), South China,
and Baltica (Johnson and others, 1985,1991; John-
son, 1987). Highstands in sea level occurred ap-
proximately every 2.5 Ma, in the late Rhuddanian,
middle Aeronian, early Telychian, and late Telych-
ian epochs.

Stratigraphic replacement patterns in fossil com-
munities attributed to different water depths are
the indicators most often used to interpret Silurian
sea-level curves. The concept of proximality anal-
ysis, as applied by Easthouse and Driese (1988) to
the Lower Silurian of Tennessee and by Baarli
(1988) to the Lower Silurian of southern Norway,
has proven to be a strong auxillary method for
indexing bathymetric change. Where it has been
possible to apply both methods, as in Norway, the
paleontological and sedimentological data are
found to be compatible. A clear advantage of the
community approach is that some members of key
communities are of biostratigraphic value in dating

eustatic events. Thus, for example, middle Aeron-
ian highstands are linked to the lower part of the
Monograptus sedgwickii or Stricklandia lens progressa
biozones, and early Telychian highstands are
linked to the M. turriculatus or S. laevis biozones
(Johnson, 1987). Proximality analysis allows for the
systematic inclusion of bathymetric data of an inde-
pendent sedimentological nature. In sections barren
of fossils, this approach lacks strict time control but
does allow access to useful bathymetric data.

The Red Mountain Expressway in Birmingham,
Alabama, exposes a nearly complete section >70 m
thick through the Lower Silurian Red Mountain
Formation (Thomas and Bearce, 1986). Nearby sec-
tions on Interstate 65 and Highway 149 expose
much of the same sequence. The object of our study
is to'expand the available bathymetric data base for
the Silurian of the southern Appalachians by apply-
ing an analysis of proximality trends to a sequence
lacking extensive community information. The
Red Mountain Formation in the iron-ore district of
Birmingham is an appropriate target because it in-
cludes a wide range of sedimentary rocks and
structures representing beach to offshore-shelf
environments. Furthermore, the Red Mountain Ex-
pressway locality may be one of the few sites in the
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world where all four Lower Silurian cycles of sea-
level change can be viewed together in a single ex-
posure.

GEOLOGIC SETTING AND
HISTORICAL DEVELOPMENT

The Red Mountain Formation crops out in
ridges of the southern Appalachian fold-and-thrust
belt, which terminates in north-central Alabama
beneath the Atlantic Coastal Plain. The prominent
Red Mountain ridge forms the southeastern limb of
the Birmingham Anticlinorium (Text-fig. 1), and it
was the source of rich hematite ores for nearly two
centuries. Iron ore came from the major seams of
the Red Mountain Formation, exposed along strike
of the fold belt in the central and northeastern por-
tions of the state.

The Jateral physical equivalency of the Birming-
ham ore-bearing beds with strata belonging to New
York State’s Silurian Clinton Group was recognized
by geologists at an early date. The Red Mountain

Group was formally named by Eugene Smith in
1876, and Charles Butts subsequently referred to a
portion of Smith’s section as the Red Mountain For-
mation (Wilmarth, 1938, p. 1786). Within the Red
Mountain Formation, iron ore is concentrated vari-
ably in several discrete beds, or seams, as they were
locally named (Text-fig. 2). In stratigraphic order
from oldest to youngest, the major seams are the
Irondale, Big, and Ida seams. The Irondale seam
was named for the town of Irondale (northeast of
Birmingham) and the nearby furnace and iron-
works built during the Civil War by Wallace S.
McElwain. The Big seam, so named for its thickness
of nearly 7 m and rich ore concentration, was the
main basis for iron and steel production in the Bir-
mingham district. The Ida seam was named for
Ida McElwain, daughter of Wallace McElwain
(M. D. Barefield, personal communication, 1990),
who supplied pig iron from his furnaces to the Con-
federacy. The Ida seam generally contains less iron
than either the Irondale or the Big seam (Phillips,
1912, p. 56).
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Text-figure 1. Geological map of the central Birmingham area, showing the location of study sections along
the Red Mountain Expressway (arrow, right) and Interstate 65 (arrow, left). Beds of Cambrian to Mississip-
pian age shown in this map area form the southeast limb of the Birmingham Anticlinorium. Abbreviations for
rock units are as follows: Ckt = Cambrian Ketona Dolomite; OCk = Ordovician—-Cambrian Knox Group (un-
differentiated); Oca = Ordovician Attalia Chert Conglomerate Member (Chickamauga Limestone); Oc = Or-
dovician Chickamauga Limestone; Srm = Silurian Red Mountain Formation; and Mtfp = Mississippian
Tuscumbia Limestone, Fort Payne Chert, and Maury Shale (modified from Thomas and Bearce, 1986, fig.
1). Base map was constructed from portions of the USGS Birmingham North-Quadrangle and Birmingham
South Quadrangle topographic maps. '
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Text-figure 2. The Red Mountain Formation is shown
in its stratigraphic context with overlying and under-
lying units. The miners’ terminology for the various
hematite-rich seams is included. They are correlated
stratigraphically with the intervals A-G used in this
study.

Two additional “seams” with insufficient iron
concentration for mining were named for distinc-
tive features. The Hickory Nut seam, stratigraph-
ically above the Ida seam, exhibits an abundance of
the Silurian brachiopod Pentamerus oblongus. The
name derives from the superficial similarity in
shape between the hull of a hickory nut and the
internal rnold of the brachiopod. A fifth “seam,” the
Kidney, is between the Irondale and Big seams
stratigraphically. This seam derives its name from
its distinctive conglomerate of discoid pebbles and
cobbles, often several inches in diameter (Bearce,
1973, p. 688).

Hard, unweathered red ore, dominated by hem-
atite, was mined from the several major seams
within the formation; the iron content range is
about 35-50% metallic iron. Brown ore, dominated
by limonite, occurs in more or less isolated deposits.
Overall, the discontinuous stratigraphic distribu-
tion of the hematitic ores follows preferred environ-
ments of secondary enrichment, indicating a natu-
ral cyclicity.

REVIEW OF RECENT
STRATIGRAPHIC WORK

Previous work on the stratigraphy of sedimen-
tary iron ores, both in general and with particular
reference to the Birmingham ores, is fairly exten-
sive.

Oolitic Ironstones

Oolitic ironstones figure prominently in various
facies models and the interpretation of bathymetric
patterns. Kimberley (1978,1979) reviewed the origin
and paleoenvironment of oolitic ironstones with an
extensive list of known occurrences, including the
Red Mountain Formation. The mode of origin fa-
vored in his earlier work is secondary replacement
of calcareous ooids with iron leached from mud
covers. More recently, Kimberley (1989a,b) favors a
model of direct sea-floor precipitation, within fecal
pellet mud, of ooids as berthierine or chamosite that
then converts by dehydration to hematite. In a sum-
mary of Phanerozoic occurrences by Van Houten
and Bhattacharyya (1982) and a general review of
the Silurian Clinton oolitic ironstones by Van Hou-
ten (1991), emphasis is placed on authigenic models
constrained by variables in climate, sea level, and
tectonic activity. Hallam and Bradshaw (1979) and
Van Houten (1986) refer specifically to oolitic iron-
stone formation in response to sea-level cycles, with
differences primarily in the periodicity of recorded
events.

Red Mountain Sequence

Berry and Boucot (1970) reported that the Red
Mountain Formation contained successive elements
of an evolutionary brachiopod lineage including
Stricklandia lens progressa and S. lens ultimata (=
S. laevis). These distinctive brachiopods act as the
name donor for a relatively deep-water fauna called
the Stricklandia Community and its recurrence in
the Red Mountain Formation was used to infer
middle Aeronian and early Telychian highstands
in sea level for north-central Alabama (Johnson,
1987, fig. 6B). Until the descendent species Costi-
stricklandia sp. cf. C. lirata was discovered in the
Birmingham area (Berdan and others, 1986), it was
assumed that rocks of Late Llandoverian and Early
Wenlockian age were absent in the southern Appa-
lachians. More recently, Bolton (1990, p. 374) illus-
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trated a population of Costistricklandia lirata pre-
served in growth position from the Red Mountain
Formation near Gadsden, north of Birmingham.

Stratigraphic logs of the Expressway cut were
published previously by Thomas and Bearce (in
Drahovzal and Neathery, 1971, p- 231-240), Bearce
(1973), Chowns and McKinney (1980), and Thomas
and Bearce (1986). The earlier logs indicate an un-
conformity between the Silurian Red Mountain
Formation and the Devonian Frog Mountain Sand-
stone. In Birmingham, the latter unit includes hem-
atitic sandstones with granules of oolite size and
shape, not unlike parts of the Red Mountain Forma-
tion. These sandstones are now assigned to the up-
per part of the Red Mountain Formation (Thomas
and Bearce, 1986, p. 196). A slight angular discor-
dance of 1.6° separates the base of the Red Moun-
tain Formation from the underlying Chickamauga
Limestone (Thomas and Bearce, 1986, fig. 7). The
Sequatchie Formation (Upper Ordovician) is locally
absent between these formations.

In terms of bathymetric analysis, the work of
Chowns and McKinney (1980) is the most detailed
previous study. They divided the Red Mountain
Formation into depth-related facies and defined
three depositional cycles based on coarsening-
upward sequences through shale, turbidite beds,
and hummocky cross-stratified sandstone. The
various ironstone lithologies associated with cross-
stratified sandstone and intraformational conglom-
erate were interpreted by Chowns and McKinney
(1980) as having formed in peritidal environments.
Van Houten and Bhattacharyya (1982, p. 447) cite
those observations of Chowns and McKinney (1980)
as compatible with their basically authigenic model
of oolitic ironstone formation.

Whereas all previous logs included information
on changing lithologies through the Silurian of the
Birmingham area, no attempt was made to collect
and interpret composition and thickness informa-
tion strictly on a bed-by-bed basis as required by
the method of proximality analysis.

PROXIMALITY ANALYSIS

The term “proximality analysis” was first pro-
posed and formalized by Aigner and Reineck
(1982). A good summary of the methodology is
given by Aigner (1985). It is based on the assump-
tion that the effects of storms and generation of
tempestites (i.e., storm beds) decrease gradually
with distance from shore and increasing water
depth. Notable trends are: (1) the percent of storm
layers decreases gradually from the shoreface
through the transition zone to further offshore, (2)
storm-layer frequency reaches a maximum in the
transition zone, (3) mean bed thickness of tem-
pestites decreases strongly from the shoreface into
the transition zone and then gradually decreases
offshore, (4) their maximum bed thickness de-

creases gradually offshore, and (5) the percent of
cross-lamination shows a strong maximum in the
transition zone.

The shoreface stretches from the mean low-
water level to the fair-weather wave base. The tran-
sition zone occurs immediately below fair-weather
wave base down to mean storm wave base, with
the offshore zone thereafter. Thus, analysis of proxi-
mality trends indicates the positions on the shelf
and relative changes in water depth. Definitions of
the shoreface, transition zone, and the offshore zone
follow those given by Reading (1978, p. 146).

Methodology

The study sections were described and mea-
sured on a centimeter-by-centimeter scale. Care
was taken to identify vertical and lateral variations
in primary sedimentary and biogenic structures.
Ideally, special emphasis should be given to regis-
tering the unit percent of sandstone layers with
cross-laminations. The replacement at irregular
stratigraphic intervals of primary sediments by sec-
ondary iron ore, however, tends to obliterate such
structures. Thus, at times we had to rely unduly on
sandstone thickness, bed frequency, and unit per-
cent data.

Red Mountain Expressway Section

Proximality trends for the Red Mountain Forma-
tion (Lower Silurian), as recorded in the Red Moun-
tain Expressway section in Birmingham, Alabama,
are shown by the graphs in Text-figure 3. Variance
through the Red Mountain Expressway section in
terms of the different proximality curves is depicted
on the right side of Text-figure 3. On the left side are
histograms showing the distribution of sandstone-
layer thicknesses for each identified interval A-G.
An interpretive key to our stratigraphic logs is pre-
sented in Text-figure 4; an idealized section through
the Red Mountain Expressway cut is shown on the
left side of Text-figure 5. This section marks the
stratigraphic positions of intervals A-G. Text-figure
6 is a photograph of the central parts of the Red
Mountain Expressway cut. The facies assigned to
these intervals are described in detail below.

A) The interval (0-9.55 m above the formational
base) displays shale alternating with very thin- to
medium-bedded, fine-grained calcareous quartz
sandstone. Average thickness of sandstone beds is
9.4 cm. Common structures are planar lamination
and ripple lamination, often found in succession
within individual sandstone layers. Hummocky
cross-lamination also is present.

B) The interval (9.55-18.84 m above formational
base) consists of thin- to thick-bedded, fine- to
medium-grained sandstone interbedded with very
thin- to thin-bedded shale. Average sandstone thick-
ness is 20.5 cm. The thicker sandstone interbeds
often are hematitic. Many of these beds swell and
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Text-figure 3. Proximality trend data (right) and sandstone-layer thickness histograms from intervals A-G (left)
in the Red Mountain Formation at the Red Mountain Expressway cut in Birmingham, Alabama. Stratigraphic
positions of intervals A—G are shown in Text-figure 5.
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Text-figure 4. Key to the stratigraphic logs compiled for this report and the symbols denoting various fossils,

lithologies, and sedimentary structures.

pinch and show traces of planar or very low-angle
cross-lamination. Coarse-grained bioclastic beds
and lenses occur toward the top of the interval.

() The interval (18.84-27.54 m above the for-
mational base) displays frequent very thin- to
thin-bedded, fine-grained sandstone beds inter-
bedded with sandy, less fissile shale. A few mas-
sive, medium- to thick-bedded, fine-grained sand-
stone beds occur near the base. Average sandstone
bed thickness is 5.3 cm. Also near the base of the in-
terval is the first thin oolite bed along with mud
clasts and thin coarse bioclastic beds. It is difficult to
see structures in interval C due to weathering, but
ripple lamination, low-angle and high-angle cross-
lamination, and planar Jamination are present.

D) This interval extends from 27.54 to 36.42 m
above the formational base. Average thickness
of sandstone beds, excluding the massive 4.6-m-
thick bed, is 43.6 cm. Medium-bedded, fine-grained
sandstone beds near the base give way to thick-bed-
ded, medium- to coarse-grained, hematitic sand-
stone with carbonate-rich ironstone clasts and scat-
tered oolites. Beginning at a level 29.6 m above the
formational base, clasts with an average diameter of
5 cm increase in abundance through a 1.6-m-thick

bed, reaching 60% by volume in the uppermost 40
cm. The clasts occur in bands and are discoid and
flattened, with the flat surface parallel with the bed-
ding of the matrix. High-angle cross-lamination is
common, and mud drapes on reactivation surfaces
of megaripples are found at the base of the section

Text-figure 5 (opposite page). Detailed stratigraphic
section through the Red Mountain Formation at the
Red Mountain Expressway cut (left) correlated with
the section on Interstate 65. In the logs, variations in
the main lithological components are expressed as a
percent-per-meter unit in the left column for the Red
Mountain Expressway section and:in the right col-
umn for the Interstate 65 section. The central column
is an idealized section indicating bedding character-
istics; sedimentological and biological structures are
denoted in the right and left columns for the Red
Mountain Expressway and Interstate 65 sections, re-
spectively. Between the two logs is a sea-level curve
keyed to the expressway section, with four major
deepening events marked by arrows: O = offshore
mud; T = transition zone; S = shoreface; L = littoral
facies. A detailed key to the stratigraphic logs is
given in Text-figure 4.
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Text-figure 6. Middle part of the Red Mountain Expressway cut (west side). Arrows delimit the Big seam, the
top of interval D as logged in Text-figure 5. The black arrow marks the top of the Big seam; the open arrow
marks its base. Thickness at this locality is 4.6 m. Cobbles bearing Trypanites borings occur in the Kidney
seam, just below the Big seam. More thinly bedded strata above and below these units are readily apparent.

between pebble bands. Coarse-grained, massive
hematitic sandstone follows with a 4.6-m-thick bed
at the top.

E) The lithology of this interval (36.42-43.20 m)
is relatively heterogeneous. Silty shale with numer-
ous very thin, coarse-grained sandstone beds, which
often pinch and swell, occur through the first 2 m.
This is followed by a mixture of mainly medium-
bedded, hematitic oolite beds and thin- to medium-
bedded, coarse-grained sandstones interbedded
with thin shale beds. Mean thickness of interbeds is
12.9 cm. Many of the beds show high-angle cross-
lamination and less common trough cross-lami-
nation. All beds are discontinuous, with pinch and
swell. Shale clasts and fossil debris are relatively
common. Above follows a 1.5-m-thick sequence of
coarse-grained sandstones with shale drapes on
reactivation surfaces of megaripples. The sequence
is topped by a 55-cm-thick conglomeratic bed. The
pebbles are a mix of large (average diameter 5 cm)
ironstone pebbles, gravel-sized quartz pebbles, and
fossil fragments.

F) This interval (43.20-58.96 m above the for-
mational base) starts out with medium-bedded,
fine-grained and hematitic oolitic sandstone. Above

follow thick-bedded, shaly, fine-grained sand-
stone beds interbedded with thick-bedded, coarse-
grained oolitic and hematitic sandstone. In the top
half of the interval the shaly, fine-grained sand-
stone is replaced by very thin, discontinuous shale
lenses. The average thickness of interbeds is 85.2
cm. The oolitic sandstone beds are fossil rich and
often show high-angle cross-lamination.

G) The interval (58.96-69.18 cm above the forma-
tional base) displays common very thin- to thin-
bedded, fine-grained sandstone interbedded with
thin- to medium-bedded silty shale or shaly, fine-
grained sandstones. Average thickness of sand-
stone interbeds is 10.1 cm. The beds seem contin-
uous. Structures are very hard to discern due to
nonpreservation, but planar lamination may be ob-
served. Possible bentonitic layers occur near the
base and middle of this interval, associated with
fossil-rich beds.

Applying criteria 1-5 for proximality analysis
(Iisted above), the following results are obtained.

Offshore shelf mud facies occur in most of inter-
val A and throughout interval G of the section. The
transition zone is best developed in the upper por-
tion of interval A into B and in interval C. Shoreface
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or littoral facies are evident in the other parts of the
section, much of interval B and intervals D and F.
These intervals correspond to the main hematitic
“seams,” in the miners’ terminology (Text-fig. 2).
That is, the Irondale seam occurs in the upper part
of interval B, the Kidney and Big seams occur in
interval D, the Ida seam occurs in the upper part of
interval E, and the Hickory Nut seam occurs in the
upper part of interval F.

Bearce (1973) suggested that the clasts in the
conglomeratic beds identified in intervals D and E
formed in place before lithification by reworking
and breaking up of cohesive muddy sediments in a
well-protected intertidal environment. We agree
that the conglomeratic beds were deposited at shal-
low depths within the shoreface as indicated by
high-angle cross-lamination and mud-draped re-
activation surfaces on megaripples. Some pebbles
from the Kidney seam, however, show signs of bio-
logical boring (attributed to Trypanites) and encrus-
tation, indicating prior lithification (P1. 1, Figs. 1,2).
Also, the iron clasts at the top of interval E are
mixed with some gravel-sized quartz pebbles and
abraded fossils indicating a high degree of rework-
ing. A likely mechanism of transgressive reworking
and retreat of a predominantly sandy shoreface
formed “ravinement” surfaces (Swift, 1968). The
repetition of conglomeratic beds succeeding each
other in interval D may indicate a stepwise trans-
gression.

Interval E shows an anomalous development.
It begins with very thin- to thin-bedded, and often
discontinuous, coarse-grained sandstone beds of
relatively high frequency. This combination nor-
mally signifies inner offshore conditions. The rest of
the interval, however, is interpreted as deposited in
the shoreface. The transition zone, which should be
evident in-between, is missing. Throughout inter-
val E, reworking by waves is indicated by mud
clasts and abundant discontinuous, medium-bed-
ded, hematitic oolite layers. These traits are repre-
sentative of the shoreface. Therefore, we support
the interpretation by Chowns and McKinney (1980)
that suggests the entire facies was deposited sea-
wards of the littoral zone (i.e., in the shoreface
zone after the onset of a transgression). The lack of
quartz sand is attributed to shoreline retreat while
the oolites were formed in situ by winnowing, re-
working, and replacement of abraded shell debris.

Proximality analysis does not differentiate the
shoreface from the littoral zone. Only the massive
coarse-grained ironstones atop the conglomerate in
interval D are interpreted as having been deposited
within the littoral zone (lower beach face).

Interstate 65 Section

The same procedure for proximality trend anal-
ysis was applied to the Interstate 65 section as in the
Red Mountain Expressway section. Four similarly

developed intervals (D-G) were identified (Text-
fig. 5). The section starts with littoral facies in inter-
val D, capped by conglomerate deposits of trans-
gressive ravinement surfaces. The continuation into
interval E is a clear development of the transition
zone with an abundance of graded beds. Evidence
of tidal-current activity also is present in the form of
herringbone ripple cross-lamination and preserved
megaripples with mud drapes on reactivation sur-
faces (Reading, 1978). Throughout interval E there
is a shallowing-upward trend into the shoreface
again, capped by transgressive conglomerate de-
posits. Interval F is characterized by fine-grained
sandstone, and is identified as a shoreface facies
followed by a thin interval of the transition zone
facies and back again to the shoreface. A rapid
change to the offshore facies occurs at the base of
interval G, with reappearance of the transition zone
immediately below the thick sandstone deposits of
the upper-most Red Mountain Formation (formerly
misidentified as the Devonian Frog Mountain For-
mation). These upper sandstone deposits formed in
the shoreface.

Comparison of Trends

The Silurian section on Interstate 65 is situated 4
km southwest of the Red Mountain Expressway cut
(Text-fig. 1). A close lateral match in facies between
the two sections is apparent in Text-figure 5. The
Interstate 65 section is thinner, because intervals A—
C are not exposed. This is compensated for some-
what by a thicker and more complete representa-
tion of interval G, probably due to deposition in a
slightly more distal position than the Red Mountain
Expressway section.

The bathymetric curve shown in Text-figure 5 is
keyed specifically to stratigraphic trends from the
expressway section. Arrows directed to the left
indicate the stratigraphic levels at which maxi-
mum transgressions were recorded in the express-
way section. A separate bathymetric curve was not
constructed for the interstate section, but arrows
directed to the right indicate comparable levels of
maximum transgression. Four highstands in sea
level are represented in the Red Mountain Express-
way section. The Interstate 65 section faithfully re-
flects three of the same highstands in sea level, with
strata representing the oldest event presumably
unexposed (interval C).

The results of the proximality analysis for the
Interstate 65 section show no signs of anomalies, as
in the case of the expressway section. The results
from interval E of the expressway section indicate a
sudden deepening from the littoral to the offshore
zone, followed by an upward shallowing to the
shoreface. Pending additional field data to the con-
trary, we suggest interval E was deposited entirely
within the shoreface. The Interstate 65 section con-
firms this interpretation. A definite and clear deep-
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ening occurred at the transition from D to E, as in-
dicated by a transgressive ravinement surface. The
deepening was not a major one, however.

The proximality analysis for the Interstate 65
section provides additional details from interval F,
where shoreface conditions are punctuated by a
brief appearance of the transition zone (middle of
interval F) recording a slight deepening between
the 17- and 20-m levels. This is not observed in
interval F of the Red Mountain Expressway section,
where only shoreface conditions are recorded. An
increase in fine-grained sandstone relative to
coarse-grained sandstone is observed at the same
horizons there, however, indicating the same deep-
ening trend.

The basal 5 m of interval G are remarkably simi-
lar in the two sections. They both consist of very
thin- to thin-bedded, shaly, fine-grained sandstone
interbedded with shale with at least three horizons
of bentonites. Close to the base of both intervals is
the first occurrence of the biostratigraphically im-
portant brachiopod Costistricklandia (see below).
These are associated in both sections with two very
distinctive horizons, occurring within a 1-m inter-
val, of the trace fossil Skolithos.

Additional sections representing the upper half
of the Red Mountain Formation are available for
study in the Birmingham area, for example, along
strike farther to the northeast on Interstate 20 (near
Century Plaza) and farther to the southwest in the
Ishkooda area. Our preliminary data show that
these sections generally exhibit finer grained sedi-
mentary rocks consistent with a slightly more off-
shore setting. Some of the traditional miners’ seams
from the central Birmingham area are absent from
these outlying areas.

FOSSIL COMMUNITIES
AND BIOSTRATIGRAPHY

Silurian fossils present in the expressway cut
generally are sparse and indicative of post-mortem
transport. The Hickory Nut seam, for example, con-
tains internal molds of disarticulated Pentamerus
oblongus shells replaced by hematite. A significant
fossil community preserved in situ does occur in
the uppermost fine-grained sandstone and siltstone
deposits ~5.5 m above the last main ironstone (in-
terval G), but below the hematitic units formerly
attributed to the Frog Mountain Sandstone (Text-
fig. 2). The principal fossil in this community is the
brachiopod Costistricklandia sp. cf. C. lirata. These
brachiopods are uncharacteristically small, but
signs of faint ribbing clearly set them apart from
their ancestral species Stricklandia laevis. Forms tran-
sitional between the two species are late Telychian
in age. Associated with Costistricklandia at the ex-
pressway cut are at least eight other species (mostly
brachiopods) typical of a stricklandiid community
(Table 1). The stricklandiid communities belong to

TABLE 1. — COMPOSITION OF THE
CosTisTRICKLANDIA COMMUNITY IN THE
UrPER RED MouNTAIN FORMATION

Brachial Pedicle
Phyla/genera valve  valve Individual %
Coelenterata
Rugose coral 14 29.8
Bryozoa 2 4.3
Brachiopoda
Costistricklandia 10 13 13 27.7
Atrypa 5 6 6 12.7
Eospirifer 0 3 3 6.4
Eoplectodonta 0 3 3 6.4
Isorthis 2 1 2 4.3
Salopina 0 2 2 4.3
rhynchonellid 0 2 2 4.3
species: 9 47  100.2

Benthic Assemblage Zone 4, indicative of offshore
environments between 60 and 90 m deep (Johnson,
1987).

The Costistricklandia Community not only pro-
vides paleontological evidence corroborating a lo-
cal deepening event, but its namesake brachiopod
confirms that the age of this event was coeval with
the late Telychian eustatic highstand in sea level
recognized widely throughout the rest of North
America, South China, and northern Europe (John-
son and others, 1985,1991).

Reworked pentamerid shell debris from the
expressway and interstate sections (Hickory Nut
seam and lower horizons) have no real value in
terms of community bathymetry, but are important
biostratigraphically. In North America, the strati-
graphic range of Pentamerus oblongus is middle
Aeronian to lower Telychian (Johnson, 1987, fig. 5).
The middle two transgressions recorded in the ex-
pressway section and their lateral equivalents in the
Interstate section fall within the range of Pentamerus
oblongus.

The dating of these events could be made more
precise with additional biostratigraphic markers,
such as Stricklandia lens progressa and S. laevis cited
from the Red Mountain Formation by Berry and
Boucot (1970), but we were unable to recover these
brachiopods from our two study sections. We
found some loose specimens of Stricklandia lens
progressa above the Big seam at an outcrop off
Highway 149 parallel to Interstate 65 (see Text-
fig. 1), but we were unable to locate the precise level
from which they came. In any case, the available
pentamerid biostratigraphy shows that the second
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and third highstands in sea level recorded in the
expressway and interstate sections are not inconsis-
tent in timing with the middle Aeronian and early
Telychian events noted globally.

Where populations of Pentamerus oblongus are
preserved in growth position, they are assigned to
Benthic Assemblage Zone 3 with an estimated
bathymetric range of 30—60 m (Johnson, 1987). Such
populations have been recovered previously from
the Red Mountain Formation in Alabama (Ziegler
and others, 1966, pl. 121), but outside the Birming-
ham iron-ore district. We have discovered a cliff
section in the Ishkooda area, southwest from cen-
tral Birmingham on Red Mountain ridge that in-
cludes horizons with Pentamerus oblongus preserved
in growth position (P1. 2). The internal molds of
these populations are replaced entirely with hema-
tite, and this example serves to underscore the sec-
ondary nature of mineralization in the Birmingham
district.

More importantly, both our material (P1. 2) and
that of Ziegler and others (1966) represent a very
late evolutionary stage of Pentamerus oblongus tran-
sitional to Pentameroides subrectus, as indicated by
the extremely narrow, almost convergent outer
plates of the brachial valve. A more precise, early
Telychian age is registered by pentamerids at this
transition (Johnson, 1987, fig. 5). Unfortunately, the
Ishkooda section is thin (11 m) and our proximality
analysis shows only one bathymetric cycle from
shoreface conditions through the transition zone
and back again, with the brachiopods well within
the transition zone. This fluctuation in sea level
probably correlates with the third deepening in the
Red Mountain Expressway section.

A third community from the Red Mountain For-
mation, and one previously unreported from any
strata of Silurian age, is a cobble-substrate commu-
nity consisting of Trypanites borings (P1. 1, Figs. 1,2)
and probably an encrusting “button” coral (Pl. 1,
Figs. 3,4). All material illustrated in Plate 1 was col-
lected from the Kidney seam (Text-fig. 2) on the
west side of the Red Mountain Expressway cut.
There may be other elements belonging to this com-
munity, but access to relatively thin cobble beds
like the Kidney seam (~1 m thick) is limited due to
the steep dip of the beds in outcrop. Without special
equipment, it is not possible to collect cobbles from
a position much above eye height.

In his historical review of the dynamics of or-
ganic colonization on large clasts, Wilson (1987,
table 2) shows that Trypanites is characteristic of
both low- and high-energy marine environments,
but it is more dominant in high-energy settings. His
data base includes information spanning the Cam-
brian to the Cretaceous (Wilson, 1987, table 1). No
previous reports of Silurian Trypanites are cited. The
only previous record of corals encrusting large
clasts is from the Upper Ordovician (Johnson and
Baarli, 1987). The low diversity of colonizers repre-

sented on the Kidney seam cobbles is consistent
with our interpretation of a depositional setting at
the shoreface within the zone of breaking waves.

SUMMARY AND CONCLUSIONS

The Red Mountain Formation (Lower Silurian)
in the iron-ore district of Birmingham, Alabama,
presents a suitable subject for an analysis of proxi-
mality following the methodology advanced by
Aigner (1985). Traditional fossil communities used
to gauge water depth are sparse, but critical bio-
stratigraphic markers are represented well enough
to provide adequate time control. The recurrence of
oolitic iron-ore seams through the Silurian section is
so striking a feature that the roll call of old miners’
terms invokes a feeling of cyclicity.

Ghost limestone clasts in some of the major
cobble beds and the complete hematitic replace-
ment of pentamerid brachiopod populations pre-
served in growth position make it clear that the
development of ironstones was, at least in part, a
secondary enrichment that selectively followed cer-
tain stratigraphic levels. The ironstones are super-
imposed on a framework of original depositional
environments ranging between offshore muds and
littoral sands.

A master sea-level curve for the central Birming-
ham area generated by means of proximality analy-
sis demonstrates four distinct highstands in sea
level typified by thinner sandstone beds with a
higher percentage of shale interbeds. Lowstands
in sea level characteristically are represented by
coarse-grained, oolitic sandstone and conglomer-
ate. Lateral continuity of these cycles is remarkably
faithful over a distance of several kilometers.

Previously, a more traditional analysis of se-
quential facies within the Red Mountain Forma-
tion by Chowns and McKinney (1980) detected
only three coarsening-upward cycles relevant to
changes in water depth through time. The last of
four deepening events is coeval with the occurrence
of a Costistricklandia Community in the upper part
of the Red Mountain Formation. The diagnostic
stricklandiid brachiopod of this community is lim-
ited to a Late Elandoverian or Early Wenlockian
age, but forms with incipient ribbing are strictly
Llandoverian. The two earlier deepening events are
constrained biostratigraphically by the range of
Pentamerus oblongus.

On a global basis, four eustatic highstands in sea
level are well known from the Llandoverian Series
(Johnson and others, 1985,1991), and at least three
of the four local deepenings in the Birmingham area
conform in timing to the global record. Easthouse
and Driese (1988) also used proximality analysis to
distinguish a comparable record of sea-level fluc-
tuations in the Lower Silurian of nearby Tennessee.
The bathymetric coordination of the locally avail-
able fossil communities with the shelf zones demar-
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cated by proximality analysis also is consistent with
findings by Baarli (1988) from the Lower Silurian of
Norway. Although the main objective of this study
was sedimentological, a new fossil community con-
sisting of Trypanites borings and an encrusting but-
ton-coral form was recognized in association with
the cobbles of the prominent Kidney seam in the
Red Mountain Formation. An earlier interpretation
of this interval (Bearce, 1973) suggested that the
cobbles were torn up from unlithified lenses of
shelly, sandy, and carbonate-mud sediments. This
specialized fauna indicates that the cobbles pro-
vided an ecological hard substrate for colonization.
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PLATE 1

Conglomeratic clasts from the Kidney seam (Interval D)
of the Red Mountain Formation

Figured specimens: FMNH—Field Museum of Natural History, Chicago, Illinois.

Figures 1,2.—Cobbles from the Kidney seam of the Red Mountain Formation at the
Red Mountain Expressway exposure in Birmingham, SC'% sec. 6, T. 18 S, R. 2 W,
Jefferson County, Alabama. 1, small limestone cobble with borings of the trace fossil
Trypanites (x1) (FMNH PE 53955); 2, another example replaced by hematite but exhib-
iting the same borings (x1) (FMNH PE 53956).

Figures 3,4.—Part of a large cobble from the Kidney seam (same locality), exhibiting an
encrusting “button” coral. 3, oblique view of hematized cobble and part of the enclos-
ing matrix, with arrow pointing to coral (x1) (FMNH PE 53957); 4, close-up view of
“button” coral in cross section resting directly on the irregular microtopography of the
cobble (x3) (FMNH PE 53957).
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PLATE 2
Pentamerus from Red Mountain Formation

Figured specimens: FMNH—Field Museum of Natural History, Chicago, Illinois.

Figures 1,2.—Pentamerus oblongus (Sowerby), Red Mountain Formation, southeast of
the railroad tracks, on a line running southwest from SEYANEYSEY sec. 20 through
NEYSEVASEVs sec. 20 to SWYASEVASEVa sec. 20, T. 18 S., R. 3 W. in Ishkooda, Jefferson
County, Alabama. 1, external mold of a cluster of Pentamerus oblongus preserved in
growth position, hematitic replacement (x0.6) (FMNH PE 53958a); 2, internal mold of
a cluster of Pentameris oblongus preserved in growth position, hematitic replacement
(x0.6) (FMNH PE 53958D).
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Late Silurian-Early Devonian Conodonts from the Hunton Group
(Upper Henryhouse, Haragan, and Bois d’Arc Formations),

South-Central Oklahoma

James E. Barrick
Texas Tech University

Gilbert Klapper

University of Iowa

ABSTRACT.—The lower Henryhouse Formation spans three Ludlovian conodont zones, which are
succeeded by a thick interval of Pridolian (Upper Silurian) strata, the lower part of which is char-
acterized by a fauna with Ozarkodina remscheidensis eosteinhornensis and Oulodus elegans elegans. The
upper part of the Henryhouse has a fauna with O. elegans detorta, indicative of the uppermost
Pridolian, and new species of Belodella and Dvorakia. Slightly above the base of the Haragan Forma-
tion is a fauna with Icriodus postwoschmidti and Pedavis biexoramus, correlative with the eurekaensis
Zone, the second zone above the base of the lower Lochkovian Stage (Lower Devonian). The break
in the conodont sequence between these two faunas coincides with that seen in the megafauna and
ostracodes. There is, however, a thin interval of uppermost Henryhouse and lowermost Haragan
strata containing a zonally indeterminate fauna with the long-ranging O. remscheidensis rem-
scheidensis and several coniform species. The Cravatt and the lower part of the Fittstown Members
of the Bois d’Arc Formation contain a fauna mainly characterized by Icriodus postwoschmidti, re-
garded as correlative with the eurekaensis Zone, whereas the upper part of the Fittstown has a fauna
with Ancyrodelloides transitans of the succeeding Lochkovian delta Zone. Newly described species

are Belodella anfracta, B. coarctata, Dvorakia amsdeni, and Ancyrodelloides secus.

INTRODUCTION

Hunton Group strata of the Henryhouse, Hara-
gan, and Bois d’Arc Formations in the Arbuckle
Mountains of south-central Oklahoma (Text-fig. 1)
have been the subject of intensive lithostratigraphic
and biostratigraphic research since the 1950s. The
lithostratigraphy was comprehensively treated by
Amsden (1960) and the brachiopods of the three
formations were described in a series of papers
(Amsden, 1951,1958a,b,c,1963). Among other
groups, the ostracodes of the Henryhouse and
Haragan (Lundin, 1965,1968) and the trilobites of
the three formations (Campbell, 1967,1977) have
been systematically described. Recently, Amsden
(1988) presented a comprehensive summary and
range charts of the articulate brachiopods of the
entire Hunton Group.

All of the accumulated evidence indicates that
there is a major biostratigraphic change between
the brachiopods, trilobites, and ostracodes of the
Henryhcuse Formation (Silurian) and those of the
Haragan-Bois d’Arc Formations (Lower Devo-
nian). Not a single species of any of these groups
crosses the Henryhouse-Haragan boundary. This
has led to the inference that there is an unconform-
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ity between the Henryhouse and Haragan (Ams-
den, 1960,1962,1988), despite the fact that the litho-
stratigraphic distinction across this boundary is
obscure because of essentially identical lithology
below and above. Nonetheless, evidence for local
discordance is developed at Bois d’ Arc Creek (Ams-
den, 1962, p. 1510; 1988, p. 7), and regionally with-
in the Arbuckle Mountains the Haragan truncates
the Henryhouse coming to rest directly on the sub-
jacent Clarita and Cochrane Formations.

The description and biostratigraphic analysis of
the conodonts of the Henryhouse-Haragan-Bois
d’Arc sequence is the subject of the present paper.
A general outline of the conodont sequence in these
formations has been summarized previously by
Barrick (1988) and Barrick and others (1990a). In the
present paper we focus on the sequence and pro-
vide systematic descriptions of conodonts from all
three formations, but omit a detailed account of the
lower three zones developed in the lowest part of
the Henryhouse. Their biostratigraphic implica-
tions are considered, however. Note that the term
“zone” as used throughout the present paper is in
the conventional biostratigraphic sense and that the
cited Silurian and Lower Devonian zones are all
well established in the literature.
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Text-figure 1. Location of Henryhouse, Haragan, and Bois d’Arc conodont localities in the Arbuckle Mountains
(including Lawrence Uplift) in south-central Oklahoma. Modified from Panel I of Amsden (1960). For locations

of sections M4 and M10, see Amsden (1960).

As with the other fossil groups, there is a
marked change in the conodont sequence across the
Henryhouse-Haragan boundary. The fauna of the
upper part of the Henryhouse Formation with
Oulodus elegans detorta, indicating the uppermost
part of the Pridolian Stage of the Silurian, is sepa-
rated by a very thin stratigraphic interval with zon-
ally indeterminate conodonts from the fauna of the
lower part of the Haragan Formation with Icriodus
postwoschmidti and Pedavis biexoramus. The latter
association indicates correlation with the eurekaensis
Zone of the lower but not lowermost Lochkovian
Stage of the Lower Devonian. The position of this
change in the conodont faunas across the Henry-

house-Haragan boundary coincides with the well-
known change in the megafauna and ostracodes.

HENRYHOUSE CONODONTS

A summary of the conodont succession within
the Henryhouse Formation has previously been
given by Barrick and others (1990a,b). Although the
concern of the present paper is focused on the fau-
nas of the upper part of the Henryhouse and those
of the overlying Haragan and Bois d’ Arc Forma-
tions, the faunas of the lower part of the Henry-
house are worthy of mention. The conodont fauna
in the lowest beds of the Henryhouse Formation is
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that of the Kockelella variabilis Zone as developed in
Oklahoma, which appears to be equivalent to the
crassa Zone of Walliser (1964). The latter zone has
generally been assumed to be lower Ludlovian
(Barrick and Klapper, 1976, p. 65-68, includes dis-
cussion of the problem of classification of the crassa
Zone). As noted by Barrick and others (1990a, p. 59;
1990b, stop 1, p. 9), a fauna with Polygnathoides
siluricus representing the middle Ludlovian zone of
the same name occurs at 3.44-3.75 m above the base
of the Heniryhouse Formation on the north side of
the Arbuckle Anticline. Higher in the same section
at ~8 m above the Henryhouse base is a fauna of the
upper Ludlovian snajdri Zone (Schénlaub, 1980b,
1986), with Ozarkodina snajdri and O. n. sp. of
Schonlaub (1980b, pl. 17, figs. 6-8). The crassa and
siluricus Zones have not been recognized at sections
in the Lawrence Uplift (Barrick and others, 1990a, p.
59), for example at section P1 (Chimneyhill Creek,
Text-fig. 2) where lower Henryhouse strata contain
a fauna of the snajdri Zone.

At Chimneyhill Creek, the lowest Henryhouse
conodont fauna of interest is that in a sample at ~10
m above the base, which contains Ozarkodina
remscheidensis eosteinhornensis. This subspecies is
known to range as low as the upper Ludlovian
crispa Zone, and even lower into the snajdri Zone in
the Barrandian sequence of Czechoslovakia (Schon-
laub, 1986). Nonetheless, there is a considerable in-
terval of Pridolian strata in the Barrandian, above
the crispa Zone at the top of the Ludlovian, char-
acterized by O. r. eosteinhornensis as the main diag-
nostic species. A higher collection at 17.5 m above
the base of the Henryhouse at Chimneyhill Creek
(P1, Text-fig. 2) includes O. r. eosteinhornensis and
Oulodus elegans elegans. Presumably, these two
Chimneyhill Creek collections correlate with some
part of the Pridolian range of O. remscheidensis
eosteinhornensis, although an upper Ludlovian cor-
relation cannot be completely excluded.

The conodont fauna of the upper part of the
Henryhouse Formation is characterized primarily
by two species: Oulodus elegans detorta and Ozarko-
dina remscheidensis remscheidensis. This association
occurs in upper Henryhouse strata at a number of
sections (e.g., section P1 [Text-fig. 2]; section 1-35
[Text-fig. 3]; section Ca2 [Text-fig. 4]; section High-
way 77 [Text-fig. 5]; section PR [Text-fig. 6]).
Ozarkodina confluens is a less common species of the
fauna. The stratigraphic range of Oulodus elegans
detorta is extremely short, as it is restricted to the
uppermost part of the Pridolian Stage of the Silu-
rian at the Klonk section in the Barrandian area of
Czechoslovakia and at Cellon in the Carnic Alps,
Austria (Jeppsson, 1988). The former is the strato-
type section for the base of the Devonian. Another
significant, and again similarly restricted occur-
rence, of Oulodus elegans detorta is in strata just be-
low the lowest occurrence of Icriodus woschmidti
woschmidti in the Mason Porcus section in Sardinia

(Gnoli and others, 1988; Olivieri and Serpagli, 1990,
p. 69). Denkler and Harris (1988) illustrate speci-
mens of O. elegans detorta from low in the upper
limestone member of the Keyser Limestone of West
Virginia. In their study, the highest occurrence of
this taxon does not overlap the lowest occurrence of
Icriodus woschmidti (Denkler and Harris, 1988, fig. 2,
table 1).

Three fragmentary specimens of Icriodus occur
in the upper part of the Henryhouse Formation in
the fauna with Oulodus elegans detorta at section
Highway 77 (Text-fig. 5, samples 37 and 39) and at
section Ca2 (Text-fig. 4, sample 24). Although these
specimens are indeterminate at the specific level,
the morphologic features preserved are not in con-
flict with those characteristic of Icriodus woschmidti.
These rare occurrences are viewed as representing
the known downward range of the earliest speci-
mens of Icriodus into highest Pridolian strata, which
are more significantly characterized by the presence
of O. elegans detorta. The woschmidti Zone, presum-
ably equivalent to the hesperius Zone in some Cor-
dilleran and Australian sections (Klapper and John-
son, 1980, p. 408), extends across the Pridolian—
Lochkovian, or Silurian-Devonian boundary. This
has been noted in the literature many times, for
example by Klapper and Murphy (1975, p. 19-20,
fig. 10), Klapper and Johnson (1980, fig. 1), Gnoli
and others (1988, p. 328), and Uyeno (1990, table 1),
because rare specimens of I. woschmidti are known
to range below the base of the Monograptus uni-
formis Zone at the base of the Lochkovian.

The upper part of the Henryhouse Formation
with Oulodus elegans detorta also contains a distinc-
tive, short-ranging coniform fauna. Belodella coarc-
tata is a dominant component of this fauna, ranging
through just a few meters but not into the upper-
most Henryhouse. Jeppsson (1988, table 1) reported
a comparable interval of high abundance for this
species (“Belodella mira”) in beds 10-14 at the Klonk
section, below its highest occurrence in bed 19. Belo-
della anfracta ranges up to the same stratigraphic
level as the highest B. coarctata. Jeppsson (1988,
1989) reported a Belodella sp. S from the upper
Pridolian at Klonk, but the diagnostic Sc (doc) ele-
ment was not illustrated, making the comparison
with B. anfracta uncertain. Dvorakig amsdeni has its
highest occurrence about at the same level as B. co-
arctata and B. anfracta, and the succeeding D. philipi?
has its lowest occurrence slightly higher in the
Henryhouse, but still below the top of the range of
O. elegans detorta. The type material of D. philipi is
from the Borshchov Formation at the base of the
Lochkovian Stage, Lower Devonian of Podolia
(Drygant, 1974,1984).

Above this short-ranged fauna with Belodella
coarctata, B. anfracta, etc., the uppermost beds of the
Henryhouse Formation show a nearly complete
turnover in coniform species. The fauna of the turn-
over consists of species that characterize Loch-
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TABLE 1. — DisTRIBUTION OF CONODONT ELEMENTS AT SECTION |-35
SECTION I-35 Haragan _
Sample 1 1A 1B 1D 1E 2X 2A 2AA 2B 288 2C 2CC 2D
Base (m) 19.10 17.30 16.20 15.25 13.90 11.30 10.85 10.10 9.50 940 9.25 9.15 9.00
Jop (m) 18.90 17,20 16,15 15.10 13,70 11,20 10.70 1000 940 925 915 900 890
Weight (kg) 25 2.5 20 25 25 25 2.0 40 25 35 40 35 5.0
Dapsilodus sp. 11 3 1 1 160
Panderodus sp. 35 7 12 23 26 5 6
Belodella M 3 2 2 1
anfracta S 15 1 22 9 10 2 16
Belodella M 5 3 2
coarctata S 19 64 43 15 13
Belodella M 17 22 4 57 29 40
cf. B. resima S 57 96 18 308 77 105
Dvorakia amsdeni S 11 9 5 10 6 1 2
Dvorakia philipi ? S 1
Decoriconus fragilis 15 [ 2 22 26 12 26 205 43 15 251 142 7
Pseudooneotodus backmanni 2 3 1 82 132 240
Ozarkodina Pa 10 1 20 24 11 27 11 34
remscheidensis Pb 6 2 1 10 10 5 8 14
remscheidensis M 1 6 2 4 3
S 13 20 17 6 22 20
Ozarkodina Pa 1 1 6
excavata Pb 1 1 9
excavata M 1 6
S 2 21
Oulodus Pa 2 1
elegans Pb 3 1 [ 2
detorta M 2 1 2 1 3 8 4
s 13 1 10 5 1 2 2 5 20 20
leriodus Pa
postwoschmiati Pb
M
S
lcriodus eolatericrescens Pa
Pb
S
Icriodus sp. indet. Pa 1
Pedavis biexoramus Pa
Qulodus sp.
Indet. ramiforms 11 3 4 1 19 17 3 6
Total 149 28 82 147 121 42 68 548 269 93 740 425 470

NOTE: Datum is top of the Hunton Group/base of Woodford Formation. Indeterminate Pb, M, and S elements of /criodus
arbitrarily tabulated under /. postwoschmidlti, but noted separately in Systematic Paleontology. (continued on next page)

kovian strata, especially Belodella cf. B. resima, but
the lower boundary of the turnover is in uppermost
Pridolian beds, just below the highest occurrence of
Oulodus elegans detorta in the Henryhouse. Uyeno
(1990) described B. cf. B. resima from a probable hes-
perius Zone sample from the Canadian Arctic. Com-
parative material from the Cellon section in the
Carnic Alps, beds 47A and 47B, just below and with
the first occurrence of Icriodus woschmidti, contains
B. cf. B. resima. ‘

In summary, one may conclude that the lower
Henryhouse Formation spans from the Kockelella

variabilis Zone inferred to be lower Ludlovian,
through the middle Ludlovian siluricus Zone and
the upper Ludlovian snajdri Zone. Higher beds in
the Henryhouse span the Pridolian, characterized
first by the association of Ozarkodina r. eosteinhorn-
ensis and QOulodus elegans elegans, but near the top of
the formation by a fauna with O. r. remscheidensis
and O. e. detorta, the latter indicating the uppermost
Pridolian. Lastly, in the uppermost part of the
Henryhouse Formation at all analyzed sections,
there is a zonally indeterminate fauna characterized
mainly by B. cf. B. resima and Ozarkodina rem-
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TaBLE 1. — Continued

—Haragan
2E 3 3XA 3A 3AA 3B 4 4A ) 6 7 8 8A 9 9A oB 10
8.90 8.70 8.50 815 790 775 755 720 685 605 520 425 345 265 225 175 1.05
8,75 865 835 808 780 765 745 710 6,75 590 510 4,15 353 250 215 160 Q.95
a5 7.9 3.5 6.0 3.5 65 130 48 2.0 2.0 2.0 20 3.5 5.5 40 45 7.0
16 24 1 7 10 10 8 2 4 4 10 2 28 271 194 30 160
108 72 45 32 52 a3 44 6 16 3 43 4 145 1752 1497 166 1221
1 1 8 1 3 17 2 7 3 3 1 6 4 10 31
2 12 30 2 2 8 16 6 8 7 2 29 1 18 20 123
5 64 36 23 35 25 as i1 44 2 5 7 2 19 12 18 35
26 103 1 3 3 1 1 1 2 9 4 27 17 19 82
13 28 1 2 2 1 2 6 5 5 12
1 17 2 3 3 4
21 41 1 1 1 6 2 16 17 6 10
2 4 5 2 21 3 2 2
4 6 9 10 2
1 6 3
1 3 1 1 2 1 2
10 4
4
1
2 7 8 1 51 2 4
1 1 8
1 1 3 1 1 1
5 1
194 373 144 101 116 83 236 21 87 26 78 33 220 2109 1763 270 1684

Some M elements of Dvorakia species may be tabulated under co-occurring Belodella species (see Systematic

Paleontology).

scheidensis remscheidensis. The latter is a long-rang-
ing subspecies that extends at least from the Pri-
dolian through the entire Lochkovian Stage of the
Lower Devonian (e.g., Schonlaub, 1985, fig. 17). The
correlation of the fauna in this uppermost thin in-
terval of the Henryhouse, therefore, is uncertain.

HARAGAN CONODONTS

Conodont collections very near the base of the
Haragan Formation (e.g., section P1, sample B2
[Text-fig. 2]; section I-35, sample 3 [Text-fig. 3]; sec-

tion Highway 77, sample 43 [Text-fig. 5]) are signifi-
cant in showing the lowest occurrence in Oklahoma
of Icriodus postwoschmidti. These levels are not very
much above the fauna with Oulodus elegans detorta
in the upper part of the Henryhouse Formation.
Collections at the very base of the Haragan mainly
contain Ozarkodina remscheidensis remscheidensis,
which ranges up from the upper Henryhouse
fauna, but do not in any instance have Oulodus ele-
gans detorta, which as noted above seems to be re-
stricted to uppermost Pridolian strata in Europe.
The former subspecies is long ranging, as already
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Text-figure 4. Stratigraphic column of section Ca2 (Barrick and Klapper, 1976) showing ranges of conodont
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symbols are the same as in Text-figure 2.

mentioned, and thus its occurrence in both the up-
per Henryhouse and Haragan is congruent with its
known range elsewhere.

Pedavis biexoramus appears slightly higher in the
Haragan sequence (e.g., section I-35, sample 3AA
[Text-fig. 3]; section Highway 77, sample 46 [Text-
fig. 51). This species is a characteristic element of the
fauna of the eurekaensis Zone in central Nevada
(Klapper and Murphy, 1975, p. 20; Murphy and
Matti, 1983). Pedavis biexoramus is associated with
Icriodus postwoschmidti and I. eolatericrescens sensu
Drygant (1984) section at section I-35 (samples 3AA
and 4 [Text-fig. 3]). Both species of Icriodus are char-
acteristic of the Chortkov Formation, according to
Drygant (1984), which lies above the Borshchov
Formation at the base of the Lochkovian Stage of
the Lower Devonian in Podolia. In the Barrandian
sequence, P. biexoramus is associated with I. post-
woschmidti about in the middle of the Monograptus
uniformis Zone of the lower Lochkovian (Schon-
laub, 1985, fig. 17). One may conclude, therefore,
that the association of I. postwoschmidti and P. bi-
exoramus represents the eurekaensis Zone, the second

conodont zone up from the base of the Lochkovian,
and that the woschmidti, or hesperius, Zone is unrep-
resented in the Haragan Formation. It should be
kept in mind, however, that there is a very thin in-
terval of uppermost Henryhouse and lowest Hara-
gan strata below the lowest occurrence of I. post-
woschmidti, but as yet there is no positive evidence
for the presence of the woschmidti Zone in the Okla-
homa sequence.

BOIS D’ARC CONODONTS

A fauna with Icriodus postwoschmidti, accompa-
nied by Ozarkodina remscheidensis remscheidensis,
ranges through about the upper half of the Cravatt
Member into the lower part of the Fittstown Mem-
ber of the Bois d’ Arc Formation at Bois d’Arc Creek
(Text-fig. 7, section P8, samples 12-15). The speci-
mens of I. postwoschmidti in several of the lower
Fittstown collections are robust and very typical of
the species. On the evidence of I. postwoschmidti,
which does not range above a medial position
within the Monograptus uniformis Zone and which
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Text-figure 5. Stratigraphic column of section Highway 77 (Barrick and Klapper, 1976) showing ranges of
conodont taxa. Section is a road cut on west side of U.S. Highway 77, just east of original section M17 of
Amsden {1960) (NEV4NEVaNWYa sec. 30, T. 1 N., R. 2 E., Turner Falls Quadrangle, Murray County). Litho-
logic symbols are the same as in Text-figure 2. Brachiopod distribution from Amsden (1960, section M17,
p. 257). Base of Haragan determined in part by conodont biofacies (see Conodont Biofacies).

lies entirely below species indicative of the delta
Zone in the Barrandian (Schénlaub, 1985, fig. 17),
this Cravatt-lower Fittstown fauna is referable to
the eurekaensis Zone, the same conodont zone that is
present in most of the underlying Haragan Forma-
tion. The only other section of the Cravatt Member
that has been sampled in detail for conodonts is
that at and near section J6. The collections there are
sparse but are dominated by Ozarkodina wurmi in

the upper part of the exposed Cravatt section (Text-
fig. 8, section J6, samples 10-14). The exact range of
this Lochkovian species is not well known, as it has
been confused with the long-ranging Silurian-Early
Devonian species, O. excavata excavata.

Faunas with Icriodus postwoschmidti also occur
in the Fittstown Member in the subsurface in the
Gulf No. 1 Dyer in McClain County, Oklahoma, at
9,025-9,035 ft (Amsden, 1975, p. 84). A low-diver-
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sity fauna chiefly composed of Ancyrodelloides
transitans occurs in the upper part of the Fittstown
Member at the P11 section (Text-fig. 9, samples 14,
14B, 15). This species is one of many components
that make up the Lochkovian delta Zone (e.g., Klap-
per and Johnson, 1980, p. 408, table 2, right col-
umns; Murphy and Matti, 1983, fig. 4, table 3—Mill
Canyon, Toquima Range, central Nevada; the iso-
lated record of Ancyrodelloides delta in the sulcatus
Zone at Mill Canyon is regarded as a reworked
specimen by M. A. Murphy and N. Valenzuela-
Rios, 1991, personal communication). The upper
Fittstown occurrences presumably are correlative
with those in the delta Zone in Nevada and else-
where. The range of A. transitans in the Barrandian
sequence is, along with other species of the delta
Zone, in strata correlative with the Monograptus
hercynicus Zone of the upper Lochkovian Stage, ac-
cording to Schonlaub (1985, p. 26 and fig. 17).

In addition to the Fittstown fauna with Ancyro-
delloides transitans, there is an unusual and again
low-diversity fauna with a new species of Ancyro-
delloides, A. secus, in about the middle of the Fitts-
town Member of the Bois d’Arc Formation at Coal
Creek (Text-fig. 10, section P9, sample 34). As this is
a new species of the genus and a unique occur-
rence, its correlative value would at first seem
doubtful. Nonetheless, all of the species of Ancyro-
delloides are confined to the delta Zone. A testable
hypothesis, therefore, would be that the Coal Creek
occurrence of A. secus within the Fittstown Member
is also indicative of the delta Zone of the upper
Lochkovian.

CONODONT BIOFACIES

Upper Henryhouse Formation

Conodont faunas from the upper portion of the
Henryhouse Formation are relatively sparse and
possess only moderate diversity. Characteristic fau-
nas are like those from section Highway 77 (Text-
fig. 5, samples 37-41) and section Ca2 (Text-fig. 4,
samples 24-26). Fewer than 50 elements per kilo-
gram are present and Belodella anfracta is the domi-
nant species. Oulodus elegans, Ozarkodina remschei-
densis remscheidensis, O. excavata excavata, Dvorakia
amsdeni, Dapsilodus sp., Panderodus sp., and Decor-
iconus fragilis occur in widely varying abundances
from sample to sample. Ozarkodina confluens and
Pseudooncotodus beckimanni are uncommon. Amsden
(1981) described slightly different brachiopod bio-
facies in the Henryhouse from the central Arbuckle
Mountains and Lawrence Uplift, but our limited
sampling of the Henryhouse shows no obvious dif-
ference in conodont biofacies between the two ar-
eas, except near the top of the unit.

In the uppermost beds of the Henryhouse, dra-
matic changes occur in the conodont biofacies, the
nature and magnitude of which reflect a significant
ecologic response to changing environmental con-

ditions (Text-figs. 11-14, Tables 1-4). The first event
is an interval of high abundance of the short-rang-
ing species Belodella coarctata. Just above this acme,
over a stratigraphic interval of less than a meter,
Panderodus sp., Dapsilodus sp., Ozarkodina excavata
excavata, and O. confluens (indeterminate morpho-
type), disappear. The first three of these species are
believed to range into younger strata elsewhere.
Belodella coarctata, B. anfracta, and Dvorakia amsdeni
become extinct, the latter two species being re-
placed by related taxa. As these taxa disappear,
Decoriconus fragilis increases in abundance to domi-
nate the fauna and Pseudooneotodus beckmanni be-
comes more common. The faunal turnover is most
dramatic at sections on the Lawrence Uplift (sec-
tions PR [Text-fig. 11, Table 2]), but is still obvious
at sections in the central Arbuckle Mountains (sec-
tions [-35 [Text-fig. 13, Table 1] and Highway 77
[Text-fig. 12, Table 3]). This event occurs in the lat-
est Pridolian, just below the highest occurrence of
Oulodus elegans detorta in each section. At all sec-
tions the topmost beds of the Henryhouse beara D.
fragilis-dominated fauna, with smaller numbers of
B. cf. B. resima, P. beckmanni, and O. remscheidensis
remscheidensis.

Haragan Formation

A shift in conodont biofacies corresponds to the
change in brachiopod faunas at the base of the Har-
agan Formation. The uppermost Henryhouse acme
of Decoriconus fragilis abruptly ends and is replaced
by an acme of Pseudooneotodus beckmanni. This shift
in biofacies is most dramatic on the Lawrence Up-
lift (sections PR [Text-fig. 11, Table 2] and P8 [Text-
fig. 14, Table 4]), and occurs in sections where no
corresponding lithologic change is present (sec-
tions P8 and 1-35 [Text-fig. 13, Table 1]). The abrupt
rise of dominance of P. beckmanni serves as an addi-
tional marker for the base of the Haragan Forma-
tion.

In the Arbuckle Mountains, an interval of skel-
etal wackestones and packstones interbedded with
marls occurs near the base of the Haragan. Occur-
ring in these beds is a sparse fauna dominated by
elements of Belodella cf. B. resima and bearing the
most abundant collections of Icriodus and Pedavis
elements. Unfortunately, the conodont fauna of this
interval is atypical of the majority of the Haragan.
Most collections from argillaceous Haragan strata
yield extremely sparse and nondiverse conodont
faunas, like those in samples 44-51 at section High-
way 77 (Text-fig. 12, Table 3) and samples 21-26 at
section P9 (Text-fig. 10). Twelve samples from the
Haragan at the important shelly fauna locality,
White Mound (M4 of Amsden, 1960) (Text-fig. 1),
yielded 43 conodont elements from 24 kg. Six sam-
ples from Amsden’s (1960} locality M10 yielded 51
elements from 11 kg. Samples from a number of
other localities are comparable. The faunas average
fewer than 10 elements per kilogram, of which P.
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beckmanni and B. cf. B. resima comprise a majority.
The only exception to these poor faunas occurs at
section 1-35 (samples 9-10) (Text-fig. 13, Table 1),
where the lower Haragan is characterized by an
abundant conodont fauna, which is strongly domi-
nated by elements of B. cf. B. resima.

On the Lawrence Uplift only a thin interval of
Haragan overlies the Henryhouse Formation. At
section PR (Text-fig. 11, Table 2), thin skeletal grain-
stones containing abundant elements of Ozarkodina
remscheidensis remscheidensis occur with the Pseudo-
oneotodus beckmanni acme. One unusual feature is
the presence of a few elements of Belodella anfracta,
B. coarctata, and Dvorakia amsdeni in samples B3 and

B2 at section P1, which were probably reworked
from a level a few meters lower in the Henryhouse.
At section P8 (Text-fig. 14, Table 4), the thin Hara-
gan interval yields moderately more diverse, but
typical, faunas.

Bois d’Arc Formation

The siliceous carbonate mudstones of the Cra-
vatt Member yielded few conodont elements. These
sparse faunas are like those of the Haragan, but
Pseudooneotodus beckmanni is less common. Where
thin beds of skeletal wackestones to packstones
appear in the middle to upper part of the member,
as at sections J6 (Text-fig. 8) and P8 (Text-fig. 14,

SECTION PR

2
4 covered
n
V2]
12 4 &
m | 8] a ]
[ -12
: .l--..la_
2% L 11
10 4 .
(( wl-.--l. —10
T — | — oA
-I---.I. —9
— — t38
8 1 _ 7
- 6
- — <
a
6 4 & — %
ST s
g s
L
[o)
4 E -4 al
g — — 2
T 3 2§
& — S 3
@ a1 5
2 4 x| — — 2 £l =
S X
— 2 S
1 | S
— | — 81 a
0—
covered

Oulodus cristagalli

Belodella coarctata

(2]
o
5 8
= Re]
£ =
£ 4]
°| . @
7 o R =
0\ ) w o
2 IS c
73N 3 @ ©
N 9 Q =
2 Ke} ol & g
@9\ 3 gl & o
3 o) =N T
3P ol 2
8 el & ?
. . g
RS Gl
5] 2
S| 38
T 8] =
B
[
X Q E
et o
3 »
© & 9
. > 5 o}
fo¥
© S ) o
2 X <| £
@ T & S
© © N I
n £ ) =
< 3 o4
| .l sl 5 3 :
Fl gl &1 2| = 3
3 w [~ N =y
3] 2| =] 8| © =
9 o 3 ° c
) = o] £ @
© [72) S I
< Q B
s| S 2 S
o D

Text-figure 6. Stratigraphic column of section PR showing ranges of conodont taxa. Section PR is a road cut
located 1.2 km northwest of section P1 (center of north line, sec. 5, T. 2 N, R. 6 E., Ahloso Quadrangle,
Pontotoc County). Lithologic symbols are the same as in Text-figure 2. Lowest occurrence of Haragan bra-
chiopods (sample 10) identified by T. W. Amsden in the field; uppermost extent of Henryhouse brachiopods
is unknown. Base of Haragan placed at lowest grainstone, as at section P1.
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Table 4), more abundant conodont elements occur,
apparently concentrated by sedimentological proc-
esses. At section P8 the upper part of the Cravatt
grades into the Fittstown Member through an in-
creasing proportion of skeletal grainstones. These
grain-dominated beds are characterized by rela-
tively abundant elements of Icriodus species and

Ozarkodina remscheidensis remscheidensis. Coniform
species are uncommon until the base of the Fitts-
town, where P. beckmanni becomes the dominant
form. The Cravatt section at J6 is unusually thick,
and the upper skeletal beds contain a moderately
abundant conodont fauna dominated by O. wurmi.

The skeletal grainstones of the Fittstown Mem-
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Text-figure 7. Stratigraphic column of section P8 (Amsden, 1960) showing ranges of conodont taxa. Section
is a hillside exposure along north bank of Bois d’Arc Creek (SW"4sNWs sec. 11, T. 2 N., R. 6 E., Ahloso
Quadrangle, Pontotoc County). Brachiopod distribution and base of Haragan from Amsden (1960, p. 279).
Lithologic symbols are the same as in Text-figure 2. Base of Bois d’Arc identified by T. W. Amsden in the field.
Base of the Fittstown Member uncertain due to interbedding of Cravatt and Fittstown lithofacies.
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Text-figure 8. Stratigraphic column of section J6 (Amsden, 1960) showing ranges of conodont taxa. Section
is a natural exposure along a small stream (SEVaSWVa sec. 18, T. 2 S., R. 8 E., Connerville NE Quadrangle,
Johnston County). Lithologic symbols are the same as in Text-figure 2.
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ber yielded sparse and generally broken to abraded
conodont elements. Coniform elements are sparse
and poorly preserved, and when larger faunas are
present, they consist of robust Pa elements of Icri-
odus, Ancyrodelloides, and Ozarkodina (sections P11
[Text-fig. 9] and P9 [Text-fig. 10]).

CONODONTS AND THE
HENRYHOUSE-HARAGAN BOUNDARY

Although conodont faunas do not completely
resolve the problem of the Henryhouse-Haragan
boundary, they do contribute important informa-
tion. The top of the Henryhouse ranges into at least
the uppermost Pridolian at the sections studied
here (sections 1-35, Ca2, Highway 77, PR, P1, P8),
and one cannot completely exclude the possibility
that some Lochkovian-age beds locally lie at the top
of the formation. The base of the Haragan Forma-
tion, identified by the abrupt change in brachiopod
and ostracode faunas, corresponds exactly to an
equally abrupt shift in conodont biofacies. A cono-
dont fauna very near the base of the Haragan with
Icriodus postwoschmidti correlates with the eureka-
ensis Zone, the second conodont zone above the
base of the Lochkovian. The maximum biostrati-
graphic hiatus that could be represented by the

J. E. Barrick and G. Klapper

Henryhouse-Haragan boundary would corre-
spond at least to the interval of the woschmidti Zone,
and possibly some minor part of the overlying eu-
rekaensis Zone.

Amsden (1988 and earlier references therein)
presented physical evidence, in addition to the
changes in the shelly fauna, to demonstrate the
unconformable nature of the Henryhouse-Haragan
contact. Careful sampling for conodonts on the
Lawrence Uplift confirms an erosional surface along
Bois d’Arc Creek (section P8, Text-fig. 7), exactly as
Amsden (1988, fig. 4) interpreted it. At section P8, a
thin interval of Haragan, lithologically indistin-
guishable from the underlying Henryhouse, was
reported to lie beneath the Bois d’Arc. The cono-
dont sequence supports this interpretation. The
uppermost Henryhouse Decoriconus fragilis-domi-
nated fauna is replaced by the Pseudooneotodus beck-
manni-dominated fauna at the point previously
identified by Amsden (1960) as the boundary. Ap-
proximately 40 m to the east, Amsden described the
Bois d’Arc as resting directly on the Henryhouse,
the intervening Haragan beds being absent. Sam-
ples at the top of the Henryhouse at this location
contain the association of Belodella coarctata, B.
anfracta, Dvorakia amsdeni, and Oulodus elegans
detorta, which characterizes the upper Henryhouse
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Text-figure 10. Stratigraphic column of section P9 (Amsden, 1960) showing ranges of conodont taxa. Sec-
tion is a hillside exposure north of Coal Creek (NWYaNWYs sec. 22, T. 1 N., R. 7 E., Hardin City Quadrangle,
Pontotoc County). Lithologic symbols are the same as in Text-figure 2. The lowest 1.5 m of the section is
interpreted to be Henryhouse because of the presence of Dvorakia amsdeni.
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Relative Conodont Taxa Abundance at Section PR
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Text-figure 11. Relative abundance of conodont taxa across the Henryhouse/Haragan boundary at section
PR. Samples are graphed at equal spacing; see Text-figure 6 and Table 2 for correct stratigraphic intervals

of samples.

several meters below its top at sections PR (Text-fig. 6)
and P1 (Text-fig. 2) a short distance to the west. The
basal Bois d’ Arc strata yield a fauna like that found
in the formation at section P8. Thus, the uppermost
beds of the Henryhouse are missing, as one expects
below an unconformity.

Lundin (1968, p. 11-12) reported abraded Henry-
house ostracodes mixed with the basal Haragan
fauna at a number of sections including his section
P3, which is in close proximity to our collections
from sections PR and P1. We recovered reworked
conodonts in the basal calcarenite at section P1
(Text-fig. 2, samples B3 and B2). A small number of
elements of Belodella coarctata, B. anfracta, and
Duorakia amsdeni occur in these samples, although
these three species do not range to the top of the
Henryhouse in this section, nor in the adjacent PR
section (Text-fig. 6). The reworked elements must
have been derived from the erosion of upper
Henryhouse beds elsewhere, such as in the P8 area
(Text-fig. 7), and were then transported as part of
the skeletal lag that lies at the base of the Haragan
at section P1.

Conodonts obtained from sections crossing the
Henryhouse-Haragan boundary support the inter-
pretation of the stratigraphic relations presented by
Amsden (1988, fig. 5) from the Lawrence Uplift to
the Wapanucka area in Johnston County, Okla-
homa. The narrowest stratigraphic interval be-
tween the upper Henryhouse fauna with Oulodus

elegans detorta and the lower Haragan fauna with
Icriodus postwoschmidti occurs in the central part of
the Arbuckle Mountains (sections I-35 and High-
way 77, Text-figs. 3,5), where physical evidence for
a break between the Henryhouse and Haragan has
not been observed. This intermediate interval carry-
ing a zonally indeterminate conodont fauna is
much narrower than it is in the Lawrence Uplift, sug-
gesting that these central Arbuckle sections may
also be broken by a hiatus between the Henryhouse
and Haragan.

CONCLUSIONS

A fauna characterized mainly by Oulodus elegans
detorta is in the upper Henryhouse Formation at ail
analyzed sections; this subspecies is known in high-
est Pridolian (Silurian) strata in Europe. The upper
Henryhouse fauna is separated by a very thin strati-
graphic interval from a fauna slightly above the
base of the Haragan Formation and characterized
by Icriodus postwoschmidti and Pedavis biexoramus
and lacking any representative of Oulodus elegans.
This lower Haragan fauna is correlative with the eu-
rekaensis Zone, the second zone above the base of
the Lochkovian Stage of the Lower Devonian. Ap-
parently missing between the upper Henryhouse
fauna with O. elegans detorta and the lower Haragan
fauna with I. postwoschinidti is the fauna of the wo-
schmidti Zone, which is well known to span across
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TaBLE 2. — DiIsTRIBUTION OF CONODONT ELEMENTS AT SECTION PR

SECTION PR Henryhouse Haragan Bd'A
Sample 1 2 3 4 5 6 7 8 9 9A 10 11 12
Base (m) 0.80 1.90 3.25 4.25 5.45 6.85 7.65 8.25 8.75 9.20 9.75 10.60 11.25
Top (m) 1,00 2.05 3,45 4,45 565 7,05 7.85 845 885 9.30 990 1075 11.35
Weight (<q) 1.84 2,00 200 1,90 1,87 2,00 1.90 1.84 400 1,90 200 785 200
Dapsilodus sp. 88 94 23
Panderodus sp. 30 30 7
Belodella M 25 18 11
anfracta S 168 125 25
Belodella M 46 42 4
coarclata S 958 436 42
Belodella M 34 8 1 1 1 5 2 4 14 4 1
cf. B. resima S 72 63 3 3 14 18 12 10 37 24 11
Dvorakia amsdeni S 33 24 2
Dvorakia philipi ? S 3
Decoriconus fragilis 93 63 601 71 8 26 23 61 6
Pseudooneotodus beckmanni 4 6 12 1 11 7 36 410 9 105 2
Ozarkodina confluens Pa 1 2
Pb 1
M 1
Ozarkodina Pa 20 1
excavata Pb 20
excavata M 22 1
S 65 1
Oulodus Pa 6 16 2 2
elegans Pb 3 5 7 5
detorta M 4 15 13 2
S 15 45 54 18 1
Ozarkodina Pa i3 29 1 2 3 48 3 76 11
remscheidensis Pb 6 15 2 6 1 1 16 8
remscheidensis M 3 1 2 3
S 3 7 1 3 5 2 18 12
Icriodus postwoschmidti Pa 1? 1
Oulodus cristagalli Pb
Oulodus sp. 5 3
Ancyrodelloides? sp. Pa 1
Indet. ramiforms 1 8 124 32 1 1 1 3 4
Total 1469 921 1199 259 17 44 46 129 497 27 163 150 47

NOTE: Datum is base of road cut. See caption of Table 1 for further explanation. For sample 3, M elements have been
divided between Belodella anfracta and B. cf. B. resima according to the relative proportions of S elements present.

the Silurian-Devonian boundary in Europe. There
is, however, a thin interval of uncertainty between
the cited Henryhouse and Haragan conodont fau-
nas occupied by an undiagnostic fauna with the
long-ranging subspecies, Ozarkodina remscheidensis
remscheidensis. This interval mainly involves upper-
most Henryhouse strata, but a very minor interval
of the lowermost Haragan is also included. Of
course, one could infer that this zonally indetermi-
nate fauna represents the missing woschmidti Zone,
but there is no positive evidence for such a view.

SYSTEMATIC PALEONTOLOGY

Class Cavidonti Sweet, 1988
Order Belodellida Sweet, 1988
Family Belodellidae Khodalevich and
Chernikh, 1973
Genus Belodella Ethington, 1959

Belodella ETHINGTON, 1959, p. 271-272.

Haplobelodella KHODALEVICH AND CHERNIKH, 1973,
p. 43-44.
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Type species.—Belodus devonicus Stauffer, 1940.

Remarks—Klapper and Barrick (1983) gave a multi-
element diagnosis for the genus Belodella, based on
attributes of species inferred to be congeneric with
the type species, B. devonica (Stauffer, 1940), the
apparatus of which remains unconstructed. Their
concept of the apparatus included a symmetry-
transition series (Sa, Sb, Sc, and Sd elements), the
posterior margin of each of which is set with nu-
merous fine, closely spaced to fused denticles. An-
other element, the M? element, is undenticulated.
The presence of an apparatus of this nature in Belo-
della species has been confirmed by other workers
(e.g., Kozur, 1984; Jeppsson, 1989; Uyeno, 1990),
but Ramovs (1989,1990) has described three Early
Devonian species that apparently lack an unden-
ticulated element.

Jeppsson (1989) recently discussed the Belodella
apparatus and proposed several new elemental
designations. The undenticulated element of Belo-
della has been interpreted to be homologous with
the falciform element (Sweet, 1979) of Panderodus,
Beloding, and related genera. Jeppsson (1989) pro-
posed the symbol “f” to designate the falciform ele-
ment. Jeppsson (1989) also identified a series of
short, denticulated elements with more broadly
expanded bases (u element and a elements), in ad-
dition to the symmetry transition series of slender
elements (d elements). Examples illustrated by
Jeppsson (1989) and specimens in our collections do
not show any significant differences in morphology
between elements of the two groups except for
overall shape. We interpret the two series to repre-
sent variation within the symmetry-transition series
and prefer to treat them just as long slender and
short broad forms of the Sa, Sb, and Sc elements.

Besides the typical broad forms of the symme-
try-transition series, another short, strongly asym-
metrical, denticulated element occurs in our collec-
tions, which is characterized by a broadly ex-
panded base and a distinctively recurved cusp. This
element may be homologous with the “tortiform”
element recognized in the apparatus of Panderodus
(Sweet, 1979). An extremely rare, short, perfectly
symmetrical element that is related to the tortiform
element is present in Panderodus (Jeppsson, 1983;
Sweet, 1988) and may also occur in Belodella (?tr ele-
ment of Jeppsson, 1989).

In this paper, the symbols Sa, Sb, Sc, and Sd are
used to denote the symmetry-transition series of
intergrading denticulated elements. Numbered
symbols (e.g., Sb1, Sb2) indicate different forms that
may have occupied much the same position in the
apparatus. Despite questions about how the sym-
metry-transition series of coniform apparatuses
is related to that of ramiform apparatuses (Arm-
strong, 1990), the S notation clearly designates regu-
lar changes in element symmetry governed by
position in the apparatus. The strongly asymmetri-
cal, recurved “tortiform” element is not assigned a

position, pending better understanding of its rela-
tionship to other S elements. We continue to desig-
nate the falciform element as the M element, as did
Sweet (1988).

Belodella cf. B. resima (Philip, 1965)
Pl. 1, Figs. 1-3,7,14-17

Belodella sp. UYENO, 1981, p. 48, pl. 10, figs. 13,15.
Belodella cf. B. resima (Philip). UYENO, 1990, p. 74, pl.
16, figs. 18-22,25.

Diagnosis.—Sc element has a strongly compressed
lenticular cross section, a single anterolateral costa,
and curves smoothly inward from base to tip.

Description.—M element. The unit is indistinguish-
able from most typical M elements of Belodella spe-
cies.

Sa element. Untwisted unit is nearly straight and
possesses a compressed, symmetrical triangular
cross section with laterally directed costae. Numer-
ous fine, compressed denticles, fused at the base,
extend the entire length of the posterior edge onto
the base of the cusp. Slender forms have a weak,
evenly proclined cusp and a length to width ratio of
about 4 to 1. Broad forms have a more robust pro-
clined cusp, more conspicuous anterolateral costae,
a less compressed cross section, and a length to
width ratio of 3 to 1.

5b element. The Sb element is like the Sa element
in most respects, except that the cusp is curved and
twisted noticeably inward. Specimens lacking the
distal portion of the unit cannot be distinguished
from Sa elements.

Sc element. The Sc element has a compressed,
asymmetrically lenticular cross section and curves
smoothly inward along its entire length, with little
twisting of the cusp. The anterior margin bears a
narrow costa that is usually laterally directed, but
may extend in a more anterior direction in some
specimens. Both slender and broad forms occur.

Tortiform element. This element is slightly
shorter and smaller than the broad S elements and
has a characteristic strongly asymmetrical cross sec-
tion. The anterior face is almost equal in width to
the outer lateral face, to which it joins at a slightly
oblique angle. A weak costa marks the junction of
the two faces, and in some small specimens the
costa is absent. The inner face is significantly wider
than either the outer or anterior face, both of which
it joins at an acute angle. A well-developed, later-
ally directed costa lies along the anterior margin;
the posterior margin bears numerous fine denticles
like the S elements that extend up to, but appar-
ently not onto the base of the cusp. The round ro-
bust cusp is erect to slightly recurved.

Remarks.—Although the apparatus of Belodella
resima (Philip, 1965) has not been confidently recon-
structed, sufficient information is available to effect
some comparisons. The symmetry-transition series
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apparently consists only of a group of compressed
triangular elements like the Sa and Sb elements
described here (Philip, 1965, pl. 8, figs. 15-17,19).
No lenticular Sc element was described by Philip,
nor was any present in topotype material examined
by Jeppsson (1989, p. 23). Excellent examples of
tortiform elements were illustrated as Belodus trian-
gularis (Philip, 1965, pl. 8, figs. 22,26-28). Two of the
three specimens of Paltodus valgus Philip (pl. 8, figs.
7,8; excluding the holotype, fig. 12), appear to be M
elements (Jeppsson, 1989).

Belodella cf. B. resima, as reconstructed here, pos-
sesses a lenticular Sc element that is absent in B.
resima. Also, the tortiform element of B. resima ap-
pears to be broader and to have more prominent
costae than that of B. cf. B. resima. The younger spe-
cies, B. resima (sulcatus Zone), may represent a case
where an element with a triangular cross section
has assumed the Sc position, as was suggested by
Jeppsson (1989).

Range.—Uppermost Henryhouse into the Bois
d’Arc Formations (?latest Pridolian-Lochkovian).

Material studied.—1,225 M elements (may include
some M elements of Dvorakia species); 7,035 S ele-
ments.

Belodella anfracta Barrick and Klapper,
new species
Pl. 1, Figs. 4-6,8-12,18

Derivation of name.—anfracta (Lat.) = winding,
crooked.

Holotype.—Henryhouse Formation, section PR,
sample 2; P1. 1, Fig. 6; SUI 64712.

Diagnosis.—Sc element has a teardrop-shaped cross
section and a winding posterior margin character-
ized by a major medial curve protruding into the
inner side followed by a tight curve to the outer
side before joining to the base of the cusp.

Description.—M element. Indistinguishable from
the M element of most Belodella species.

Sa element. Slender and broad forms are identi-
cal with the Sa elements of Belodella cf. B. resima
described above.

Sb element. The slender cusp of the Sb element
curves gently inward and is moderately proclined.
The degree of curvature varies from elements that
are close in shape to the Sa element to ones that are
strongly curved. In the latter forms, the triangular
cross section is noticeably asymmetrical and the
weak outer anterolateral costa lies about midway
between the posterior edge and the inner antero-
lateral costa.

Sc element. The Sc element has a moderately
compressed teardrop-shaped cross section in both
slender and broad forms. The posterior margin
curves gently inward at one-third of the element
length, then outward at two-thirds of the length,

before bending sharply inward to join with the in-
wardly curved slender cusp. Like the other S ele-
ments, the posterior margin bears numerous fine
denticles that extend onto the base of the cusp.

Tortiform element. Unit is distinctly shorter and
wider at the base than short forms of S elements. It
has a strongly asymmetrically triangular cross sec-
tion like the tortiform element of B. cf. B. resima. The
round cusp is strongly recurved and lacks denticles
at its base. Two types of tortiform elements can be
recognized. One form possesses a strong outer an-
terolateral costa. The other form lacks the costa
completely and the anterolateral margin consists of
a sharply rounded corner.

Remarks—The sigmoidal deflection of the posterior
margin of the Sc element distinguishes Belodella
anfracta from the closely related species B. cf. B.
resima. Although at first glance the curvature of the
Sc element appears to represent postmortem defor-
mation, it is present in every Sc element examined,
numbering more than a hundred examples. The
degree of curvature varies from being barely notice-
able in small slender Sc elements to strongly de-
flected in broad elements, in which almost the en-
tire element is involved in the curvature. Minor dif-
ferences between the Sb and tortiform elements of
B. anfracta and B. cf. B. resima occur, but are not as
reliable in separating the two species. The Wen-
lockian species, B. silurica Barrick, 1977, lacks the
tortiform element found in B. anfracta, but the Sc
element may show some slight sigmoidal curva-
ture.

Jeppsson (1989) described elements of Belodella
sp. S from latest Pridolian beds at Klonk, Czecho-
slovakia, the Devonian boundary stratotype. The
elements illustrated (pl. 1, figs. 8-14; figs. 6,7 are
probably Decoriconus elements) are similar to those
of B. anfracta, but it is not possible to tell if the Sc
(doc) element of B. sp. S is like that of B. anfracta.

Range—Upper Henryhouse Formation (Pridolian;
Upper Silurian).

Material studied.—152 M elements (may include
some M elements of Dvorakia species); 905 S ele-
ments.

Belodella coarctata Barrick and Klapper,
new species
Pl 2, Figs. 3,4,8,9,12-14

Belodella mira Khodalevich and Chernikh, 1973.
JEPPSSON, 1989, p. 24-25, pl. 1, figs. 1-5.

Derivation of name.—coarctata (Lat.) = pressed to-
gether.

Holotype.—Henryhouse Formation, section PR,
sample 2, Pl. 2, Fig. 8; SUI 64732.

Diagnosis.—M element compressed, with a short
base and long slender cusp. S and tortiform ele-
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ments very strongly compressed to flat, bearing
numerous fine denticles on posterior edge.

Remarks.-—Jeppsson (1989) described and illus-
trated the elements of Belodella coarctata including
the diagnostic M element. The element that Jepps-
son assigned to the “u” position is interpreted to be
the tortiform element. This element differs from the
S elements by its short broad shape, the presence of
an outer anterolateral costa that does not lie on the
anterior margin, and a curved flange-like inner
anterolateral costa. As in other species of Belodella,
both slender and broad forms of S elements occur
in our collections.

Jeppsson (1989) assigned the present species to
Belodella mira Khodalevich and Chernikh, 1973, a
Middle Devonian form, because of the compressed
nature of the S elements. However, the diagnostic
M and distinctive tortiform elements of this Late
Silurian species are not known from Devonian
strata. Belodella coarctata has an extremely short
range in the upper beds of the Henryhouse, where
it is relatively abundant. At Klonk (Jeppsson, 1988),
B. coarctata displays a similar peak in abundance
below its highest occurrence just below the base of
the Devonian.

Range—A short interval in the upper Henryhouse
Formation (Pridolian, Upper Silurian).

Material studied. —150 M elements; 2,490 S ele-
ments.

Belodella? paucidentata Moskalenko
and Chegodaev, 19887
PL 1, Fig. 13

?Belodella paucidentata MOSKALENKO AND CHEGO-
DAEV, 1988, p. 137-138, pl. 18, figs. 12-18.

Remarks.—A few specimens of a thin-walled ele-
ment with sparse, widely spaced, peg-like denticles
on the posterior margin were recovered from the
Fittstown Member of the Bois d’Arc Formation. Too
few specimens were recovered from our collections
to make a confident assignment to a previously
described species. Elements described and illus-
trated by Moskalenko and Chegodaev (1988) as
Belodella paucidentata resemble our material most
closely. Our material and elements of B. pauciden-
tata are more like elements of Early Devonian
Duorakia species than those of finely denticulated
Belodella species. We are uncertain whether Devo-
nian coniform elements with widely spaced poste-
rior denticles (e.g., B. erecta [Rhodes and Dineley],
B. asiatica [Moskalenkol, B. subtriangularis [Moska-
lenko]) are related to Belodella, or instead represent
a separate lineage of denticulated elements derived
from a Dvorakia-like ancestor.

Range.—Tittstown Member, Bois d’Arc Formation
(Lochkovian, Lower Devonian).

Material studied.—4 S elements.

Genus Dvorakia Klapper and Barrick, 1983
Duvorakia KLAPPER AND BARRICK, 1983, p. 1226-1227.

Type species.—Dvorakia chattertoni Klapper and Bar-
rick, 1983.

Remarks.—Klapper and Barrick (1983) erected the
genus Dvorakia to include high, thin-walled, un-
denticulated coniform elements with deep basal
cavities. The symmetry-transition series of Middle
Devonian species consists of a biconvex Sd element,
an asymmetrically rounded to subtriangular Sb ele-
ment, and a strongly asymmetrical, more com-
pressed Sc element. The M element is an erect
coniform element like that of Belodella species. Al-
though the Late Silurian and Early Devonian spe-
cies described here possess a somewhat different
apparatus, they are still included in Dvorakia.

Dvorakia amsdeni Barrick and Klapper,
new species
Pl. 2, Figs. 11,15-19

Derivation of name.—In honor of Thomas W. Ams-
den, in recognition of his monumental contribu-
tions to Hunton stratigraphy and paleontology.

Holotype.—Henryhouse Formation, section P1,
sample A28; Pl 2, Fig. 15; SUI 64739.

Diagnosis.—Elements possess unornamented sur-
faces and a broad, flange-like anterior keel or inner
anterolateral costa.

Description.—Sd element. Unit has a symmetrically
compressed biconvex cross section. Base is wide
and narrows smoothly to a broad, biconvex, pro-
clined cusp. Broad anterior keel merges smoothly
with one lateral side (outer); a distinct indentation
separates the keel from the inner lateral side. Poste-
rior edge bears a slight to moderate keel. The Sd
element varies from tall slender forms to shorter,
wider forms with extremely broad keels and a more
erect cusp.

Sb1 element. The Sbl element is similar to the Sd
element in overall shape. The unit has a slightly
asymmetrically biconvex cross section and the cusp
is twisted slightly inward. A broad inner antero-
lateral costa is directed 30-45° away from the ante-
rior-posterior plane. The outer lateral face is gently
rounded and merges smoothly with the anterior
surface of the inner costa.

Sb2 element. Unit has a relatively short base
with an asymmetrically round to subtriangular
cross section. The broad cusp is sharply recurved to
lie at a right angle with the weakly keeled posterior
margin and is strongly twisted inward. The inner
anterolateral costa extends at a right angle from the
anterior-posterior plane. The outer lateral side
wraps around the anterior edge of the element to
join smoothly with the anterior surface of the inner
costa.
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Sc element. Unit has a short broad base with a
compressed, slightly asymmetrical cross section.
Broad biconvex cusp is straight, proclined and
longer than height of base. Anterior margin of ele-
ment is a broad keel that is slightly deflected to the
inner side. Posterior margin is weakly keeled.

?Tortiform element. Some elements otherwise
identical to the Sb1 element possess a cusp that is
distinctly twisted to the outer side. The outer side is
defined as that side which blends smoothly with
the anterior keel, or the lateral costa in forms lack-
ing a keel. On the inner side is an indentation that
separates the keel or costa from the lateral side.

Remarks.—The broad flange-like keel and inner
anterolateral costa and unornamented surfaces dis-
tinguish Dvorakia amsdeni from other species of the
genus. The round cross section of the base and posi-
tion of the inner anterolateral costa of the Sb2 ele-
ment is like that of the Sb element in Middle Devo-
nian species (e.g., D. chattertoni Klapper and Bar-
rick, 1983, figs. 8M,Q,S). The Sb1 element represents
a morphology transitional between the Sd and Sb2
positions. The M element of D. amsdeni could not be
identified and may be identical with the M element
of Belodella anfracta.

Range.—Upper Henryhouse Formation (Pridolian,
Upper Silurian).

Material studied —425 S elements (M elements may
be included under Belodella species).

Dvorakia philipi (Drygant, 1974)?
Pl 2, Figs. 6,7,10

?Paltodus philipi DRYGANT, 1974, p. 68, pl. 1, figs. 26—
28; DRYGANT, 1984, p- 73-74, pl. 1, figs. 27,28.
?Paltodus nudus DRYGANT, 1974, p. 68, pl. 1, figs.
21,29; DRYGANT, 1984, p. 74, pl. 1, figs. 34,35.

Diagnosis.—Elements possess an unornamented
surface and a minute keel or inner anterolateral
costa. Sb1 element is subtriangular in cross section;
Sb2 element has a hook-like curvature of distal part
and cusp.

Description.—5d element. Tall slender unit has a
symmetrically biconvex cross section. Element
tapers evenly from base to small gently proclined
cusp. Anterior keel is narrow, blending smoothly
with the outer side, and set off from the inner side
by a slight indentation. Posterior margin is weakly
keeled.

Sb1 element. The Sb1 element is similar to the Sd
element in overall shape. The unit has a slightly
asymmetrically subtriangular cross section and the
cusp is weakly twisted inward. A narrow flat face
forms the anterior margin of the element. The junc-
tion of the inner face with the anterior face is a small
laterally directed costa. The junction of the outer
face with the anterior face is a sharp corner that
may be smoothly rounded, or forms a sharp right-

angle, especially near the base.

Sb2 element. Unit is shorter and has a broader,
more rounded cross section than the Sb1 element.
The small anterolateral costa separates the anterior
face from the inner side, but the junction of the an-
terior face with the outer lateral side is always
smoothly rounded. Posterior margin lacks a keel.
Distal part of element and small cusp are round in
cross section and curved posteriorly in a hook-like
arc. The cusp may lie in the plane of the element, or
be twisted to either the inner or outer sides.

Remarks.—The small keel and anterolateral costa
distinguish even fragments of Dvorakia philipi? from
elements of D. amsdeni. The distinctive hook-
shaped Sb2 element also does not occur in D. ams-
deni. The types of Paltodus philipi Drygant, 1974, and
its probable synonym, P. nudus, closely resemble
our material in morphology and age, but we lack
sufficient information about Drygant’s material to
make a confident species assignment.

The complete apparatus of D. philipi? is poorly
known due to the scarcity of unbroken elements in
our small collections. No Sc or M elements could be
clearly identified. The unusual subtriangular cross
section of the Sbl element may represent the re-
appearance of a Walliserodus-like Sa element with a
triangular cross section in the apparatus.

Range—Uppermost Henryhouse, Haragan, and
lower Bois d’Arc Formations.

Material studied —112 S elements (M elements may
be included under Belodella species).

Dvorakia sp.
Pl 2, Fig. 1

Remarks—A few fragmentary Dvorakia elements
from the upper part of the Bois d’Arc Formation
differ from those assigned to D. philipi?. The most
distinctive feature of the Bois d’Arc species is the
presence of an element with a triangular cross sec-
tion and well-developed anterolateral costae on
both the inner and outer lateral sides (an Sa ele-
ment ?).

Material studied —28 S elements.

Family Dapsilodontidae Sweet, 1988
Genus Dapsilodus Cooper, 1975
Dapsilodus sp.

Pl. 2, Fig. 2

Remarks.—The S elements of Dapsilodus that occur
in the upper Henryhouse possess a distinctive
shape which differs from that of previously recog-
nized species. The overall shape of the base re-
sembles that of D. obliguicostatus (Branson and
Mehl, 1933a), but the cusp-to-base proportion is
more like that of D. praccipuus Barrick, 1977.

Material studied —505 elements.
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Class Conodonti Branson, 1938
Order Panderodontida Sweet, 1988
Family Panderodontidae Lindstrém, 1970
Genus Panderodus Ethington, 1959
Panderodus sp.

Remarks.—Elements assigned to Panderodus sp. are
like those forms usually referred to P. unicostatus
(Branson and Mehl, 1933a) or P. equicostatus
(Rhodes, 1953) (see Jeppsson, 1983).

Material studied —335 elements.

Order Prioniodontida Dzik, 1976
Family Icriodellidae Sweet, 1988

Remarks—Sweet (1988, p. 65) separated the Icrio-
dellidae from the Icriodontidae, although the appa-
ratuses of Icriodella and Pedavis are quite compa-
rable especially in terms of the Pa, Pb, and M ele-
ments to that of the early species of Icriodus s.l., I.
woschmidti and 1. postwoschmidti (compare Sweet,
1988, figs. 5.18 and 5.20). The apparatuses of Pele-
kysgnathus and the later species of Icriodus are dif-
ferent frorn those of the Icriodellidae, however, per-
haps justifying Sweet’s separation. For the pur-
poses of the present paper, Sweet’s (1988) classifica-
tion is followed throughout.

Genus Pedavis Klapper and Philip, 1971
Pedavis KLAPPER AND PHILIP, 1971, p. 446-447.

Type species.—Icriodus pesavis Bischoff and Sanne-
mann, 1958.

Pedavis biexoramus Murphy and Matti, 1983
Pl 3, Figs. 1-3

Pedavis sp. nov. C KLAPPER AND MURPHY, 1975, p.
50, pl. 12, fig. 12; KLAPPER AND JOHNSON, 1980, p.
451.

Pedavis sp. LANE AND ORMISTON, 1979, p. 60, pl. 1,
fig. 14.

Pedavis cf. biexoramus Murphy and Matti [nomen
nudum]. SCHONLAUB, 1980a, p. 28, pl. 1, fig. 14.

Pedavis biexoramus MURPHY AND MATTI, 1983, p. 51—
54, pl. 5, figs. 28,33; SCHONLAUB, 1985, p. 26, text-
fig. 17-5.

Pedavis n. sp. E BROADHEAD AND McCoOMB, 1983, p.
153, text-fig. 3A,B,E-G.

Remarks.-—Pedavis biexoramus is restricted to the
eurekaensis Zone in Nevada (Klapper and Murphy,
1975, p. 20; Murphy and Matti, 1983, table 1) and in
east-central Alaska (Lane and Ormiston, 1979, table
2, loc. 2, sample 17). Specimens identical to those
illustratecl here from Oklahoma occur in the Rock-
house Limestone of Tennessee (Broadhead and
McComb, 1983). Schonlaub (1980a) illustrated a

partly broken specimen, which however shows the
diagnostic characteristics of the species, from lower
but not lowermost Lochkovian strata in the Carnic
Alps, Austria. Pedavis biexoramus occurs at a posi-
tion near the top of the range of Icriodus post-
woschmidti in strata within the Monograptus uni-
formis Zone of the Lochkovian Stage in the Bar-
randian area of Czechoslovakia (Schénlaub, 1985).

Range.—Lower part of Haragan Formation.

Material studied. —10 Pa elements at section [-35
(samples 3AA, 3B, 4); 1 Pa element at section High-
way 77 (sample 46).

Family Icriodontidae Miiller and Miiller, 1957
Genus Ieriodus Branson and Mehl, 1938

Icriodus BRANSON AND MEHL, 1938, p. 159.
Acodina STAUFFER, 1940, p. 418.
Latericriodus MULLER, 1962, p. 114.
Caudicriodus BULTYNCK, 1976, p. 19.
Praelatericriodus BULTYNCK, 1976, p. 40.

Type species.—Icriodus expansus Branson and Mehl,
1938.

Icriodus postwoschmidti Mashkova, 1968
Pl. 3, Figs. 7-12

Icriodus woschmidti postwoschmidti MASHKOVA, 1968,
p. 943-944, pl. 1, figs. 1-3; OLIVIERI AND SER-
PAGLI, 1990, p. 63, pl. 1, figs. 15,16.

Icriodus woschmidti Ziegler. DRYGANT, 1968, p. 46—
47, pl. 1, figs. 1-4.

Icriodus woschmidti transiens CARLS AND GANDL,
1969, p. 174-175, pl. 15, fig. 7 (not figs. 1-6; see
Remarks under 1. eolatericrescens); MASHKOVA,
1970, pl. 1, figs. 7-9.

Icriodus postwoschmidti Mashkova. MASHKOVA,
1971, p. 163, pl. 3, figs. 1,8,9; SCHONLAUB, 1980b,
p- 159, pl. 19, figs. 2,3; DRYGANT, 1984, p. 135—
136, pl. 16, figs. 20-26; SCHONLAUB, 1985, p. 26,
text-fig. 17-4; MOSKALENKO AND CHEGODAEYV,
1988, p. 143-144, pl. 21, figs. 13-15.

Icriodus serus DRYGANT, 1984, p. 136, pl. 16, figs.
27-29.

Remarks.—A much wider basal cavity, a wider
spindle, and a distinctly developed middle row of
denticles distinguishes the Pa elements of Icriodus
postwoschmidti from those of I. woschmidti wo-
schmidti Ziegler. Although the width of the basal
cavity is similar, the spindle is narrower and the
middle denticle row is not as distinct in Pa elements
of I. woschmidti hesperius Klapper and Murphy.
An S element (Pl. 3, Fig. 9) associated with Pa
elements of I. postwoschmidti in Oklahoma is similar
to those reconstructed in the apparatus of 1. wo-
schmidti woschmidti by Serpagli (1983, text-fig. 3M—-R).
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The Oklahoma specimens represent the first
North American occurrence of Icriodus post-
woschmidti. The species is known to have a range
within the Lochkovian Monograptus uniformis Zone,
but not in the lowest part of that zone, in the Bar-
randian area of Czechoslovakia (Schénlaub, 1980b,
1985).

Range.—Lower Haragan Formation to lower Fitts-
town Member, Bois d’ Arc Formation.

Material studied.—A41 Pa elements (section 1-35), 1
Pa (section PR), 66 Pa (IP8), 2 Pa (P1), 6 Pa (Highway
77), 8 Pa (Gulf No. 1 Dyer) (Amsden, 1975); 13 Pb
elements (I-35; 18 indeterminate Pb elements arbi-
trarily tabulated under this species in Table 1), 35
Pb (P8; 9 indeterminate Pb elements, see caption for
Table 4), 1 Pb (Highway 77, sample 43A; 1 indeter-
minate Pb element, see Table 3), 6 Pb (Gulf No. 1
Dyer); 7 M elements (I-35; 3 indeterminate M ele-
ments in sample 4, see Table 1), 26 M (P8, 10 inde-
terminate M elements, see caption for Table 4), 1 M
(Highway 77, sample 43A; 1 indeterminate M, see
Table 3); 1 S element (I-35; 10 indeterminate S ele-
ments, Table 1), 4 S (P8; 15 indeterminate S ele-
ments, Table 4); 1 S (Gulf No. 1 Dyer); 8 Sa elements
(P8), 1 Sa (Highway 77, sample 45A; 4 indetermi-
nate S elements, Table 3).

Icriodus eolatericrescens Mashkova
sensu Drygant, 1984
Pl. 3, Figs. 4-6

?Icriodus eolatericrescens MASHKOVA, 1968, p. 942—
943, pl. 1, figs. 4-5.

?criodus woschmidti transiens CARLS AND GANDL,
1969, p. 174-175, pl. 15, figs. 1-6 (not fig. 7 = L.
postwoschmidti); DRYGANT, 1984, p. 134-135, pl.
16, figs. 5-16.

Caudicriodus postwoschmidti Mashkova. BULTYNCK,
1976, p. 26-28, pl. 6, figs. 1,2.

Icriodus woschmidti Ziegler. BROADHEAD AND
McCoMms, 1983, p. 153, text-fig. 3C (Sc element),
H-J (Pa elements).

Icriodus eolatericrescens Mashkova. DRYGANT, 1984,
p- 135, pl. 16, figs. 17-19.

Remarks—A somewhat narrower basal cavity and
a narrower spindle distinguish Pa elements of Icrio-
dus eolatericrescens Mashkova sensu Drygant from
those of I. postwoschmidti; the development of the
middle denticle row is comparable in the two, how-
ever. Specimens illustrated by Bultynck (1976) and
Broadhead and McComb (1983) match Drygant’s
usage of I. eolatericrescens. Broadhead and McComb
(1983, text-fig. 3C) illustrated an Sc element from
the same locality of the Rockhouse Limestone as the
Pa element, but the specimen in their text-fig. 3D
may be an element of Pedavis biexoramus.

Whether the specimens illustrated by Drygant
(1984) from the Chortkov Formation in Podolia are

the same as the types of I. eolatericrescens, also from
the Chortkov (Mashkova, 1968), can only be an-
swered by a restudy of the type material. The ma-
jority of the types of Icriodus woschmidti transiens
Carls and Gandl (1969, pl. 15, figs. 1-6), as well as
most, if not all, of the specimens identified under
this same designation by Drygant (1984, pl. 16, figs.
5-16), resemble the Pa elements of I. eolatericrescens
sensu Drygant. As in the previous instance, their
confident identification with this category can only
be resolved by restudy of all of the relevant types.

Range.—Lower Haragan Formation to lower Fitts-
town Member, Bois d’Arc Formation.

Material studied.—14 Pa elements (section I-35),
1 Pa (section P8), 6 Pa (section Highway 77); 4 Pb
elements (section I-35), 1 Pb (section Highway 77);
2 M elements (section Highway 77); 1 S element
(section I-35), 1S (section Highway 77).

Genus Pelekysgnathus Thomas, 1949

Pelekysgnathus THOMAS, 1949, p. 424.
Drepanodina MOUND, 1968, p. 480.

Type species.—Pelekysgnathus inclinatus Thomas,
1949.

Pelekysgnathus sp.

Remarks.—A single Pa element in the Haragan col-
lection P9, sample 22A, resembles Pelekysgnathus
index Klapper and Murphy (1975) from the Prido-
lian of Nevada. The similarity is in the shape of the
basal cavity, but the denticles are discreet and fewer
in number (only six), as compared with the more
highly fused denticles and more prominent cusp in
the Nevada species. A second Pa element of Pelekys-
gnathus from Henryhouse collection Highway 77,
sample 40A, resembles P. n. sp. B of Uyeno (1981,
pl. 7, figs. 28-32) from the Sophia Lake Formation,
Lochkovian of Cornwallis Island in the Canadian
Arctic. The Oklahoma specimen is very small, how-
ever, and cannot be certainly identified with Uyeno’s
species. As the Oklahoma material of the genus is
too rare to lend confidence either to a specific iden-
tification or to the establishment of new species,
both specimens are held in open nomenclature.

Order Prioniodinida Sweet, 1988
Family Prioniodinidae Bassler, 1925
Genus Oulodus Branson and Mehl, 1933b

Oulodus BRANSON AND MEHL, 1933b, p. 116.

Type species.—Cordylodus serratus Stauffer, 1930,
p- 124.

Remarks.—For reviews of the generic synonymy
and the synonymy of the type species, see Sweet
and Schénlaub (1975, p. 45-46) and Mawson (1986,
p- 45-46).
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Oulodus elegans detorta (Walliser, 1964)
Pl. 4, Figs. 3-7

Lonchodina detorta WALLISER, 1964, p. 43, pl. 9, fig.
20, pl. 30, figs. 34,36.

Ligonodina elegans detorta Walliser. JEPPSSON, 1975, p.
21-22; JEPPSSON, 1988, p. 25, text-fig. 1; JEPPSSON,
1989, p. 26, pl. 3, figs. 1-4.

Oulodus elegans (Walliser). DENKLER AND HARRIS,
1988, p. B10, pl. 1, figs. U-AA.

Oulodus elegans detorta (Walliser). OLIVIERI AND SER-
PAGLI, 1990, p. 69, pl. 4, figs. 1-8.

Remarks.—]Jeppsson (1975) first proposed the bio-
stratigraphically useful distinction between Oulo-
dus elegans elegans and O. elegans detorta, on the
alternation of denticle size in the latter subspecies.
As noted by Olivieri and Serpagli (1990, p. 69), this
distinction is most easily seen in the Sc element, in
which one to two small denticles occur in some of
the spaces between the large denticles in O. elegans
detorta. In contrast, the denticles are of uniform size
in the Sc, as well as the other elements of the nomi-
nal subspecies (Pl. 4, Figs. 1,2).

The evidence of the Henryhouse collections sup-
ports the interpretation that the apparatus of Oulo-
dus elegans detorta consisted of seven elements. That
is, the element called Lonchodina walliseri Ziegler
by Walliser (1964) is part of the apparatus (compare
Jeppsson, 1975, p. 21). A review of different appa-
ratus reconstructions of Oulodus elegans is given by
Sparling (1981, p. 302-305). The “ortuform” ele-
ment is listed here in the Pa position, with the “wal-
liseriform” element in the Pb position, more or less
following the homologies advanced by Sweet and
Schonlaub (1975). The two elements, however,
could just as well be reversed as indicated by Spar-
ling (1981, table 7). The “detortiform” element is
viewed here as part of the symmetry transition
series occupying the Sd position (Nicoll, 1987); it
is closely similar in morphology to the Sa element
of the apparatus, differing primarily in its extreme
asymmetry.

Range.~—Upper part of Henryhouse Formation.

Material studied. —Total of 38 Pa elements, 32 Pb, 67
M, 183 Sc, 44 Sb, 41 Sa, and 34 Sd at sections 1-35,
PR, P1, Highway 77, and Ca2.

Oulodus cristagalli (Ziegler, 1960)

Lonchodina cristagalli ZIEGLER, 1960, p. 189-190, pl.
14, figs. 1,3,5.

Oulodus cristagalli Ziegler. DENKLER AND HARRIS,
1988, p. B9-B10, pl. 1, figs. I-T (see synonymy).

Remarks.—Two specimens in section PR, sample 9,
match the Pb1 (cristagalliform) element and one
specimen in section P8, sample 15, matches the Pb2
(walliseriform) element in the multielement recon-
struction given by Denkler and Harris (1988, pl. 1,

figs. K,L,M-O, respectively) and thus are identified
as Oulodus cristagalli. Other elements of Oulodus in
the same, or stratigraphically similar, collections
differ considerably from the elements of O. crista-
galli. For example, the lateral processes are much
more strongly incurved and tightly arched, and the
processes bear far fewer, more massive denticles in
the Sb element in section I-35, samples 4 and 6. The
Sc element of section I-35, sample 2E, and compa-
rable collections has a much longer anterolateral
process that is directed straight downward, as op-
posed to that of O. cristagalli. These and similar ele-
ments are identified as Oulodus sp. in the present
study.

Range.—Haragan into lower Fittstown Member,
Bois d”Arc Formation.

Material studied —1 Pb element (section P8, sample
15); 2 Pb elements (section PR, sample 9).

Order Ozarkodinida Dzik, 1976
Family Spathognathodontidae Hass, 1959
Genus Ancyrodelloides Bischoff and
Sannemann, 1958

Ancyrodelloides BISCHOFF AND SANNEMANN, 1958,
p-91.

Type species.—Ancyrodelloides trigonicus Bischoff
and Sannemann, 1958.

Ancyrodelloides secus Barrick and Klapper,
new species
Pl. 5, Figs. 6-9

Derivation of name.—secus (Lat.) = otherwise, dif-
ferent.

Holotype —SUI 64775, the specimen illustrated on
Pl. 5, Figs. 8,9.

Diagnosis.—Platform developed at midlength,
high, pillarlike. Row of high nodes on outer plat-
form forming a broad V-shaped pattern, open out-
ward and are connected to blade by single node; on
inner side, high row in form of shallow concave
curve, open inward.

Description.—The blade is high, declining gradually
and incurved posteriorly. Platform asymmetrical,
outer side developed farther to the posterior. Den-
ticles of blade high and relatively broad longitudi-
nally; high nodes on outer and inner platform like
those of blade. Basal cavity open under platform,
inverted under posterior blade.

Remarks.—The Pa element of Ancyrodelloides secus
differs from all established species of the genus
(consult review in Murphy and Matti, 1983) in the
character of the platform and pattern of high nodes
on the platform. However, the blade is identical
with that of some other species of the genus (e.g., A.
transitans). A juvenile specimen of the new species
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has a strong resemblance to A. transitans, but al-
ready shows the beginnings of the characteristic
platform development of A. secus.

A comparable though less well-developed plat-
form than in A. secus occurs in a Nevada form cited
as Pandorinellina? cf. P.? boucoti by Murphy and
Matti (1983, p. 28-29, pl. 3, figs. 12-17). In the Ne-
vada specimens, however, the blade anterior of the
platform consists of a single high and broad den-
ticle, distinctly offset to the right, among other dif-
ferences.

Range —Fittstown Member, Bois d’Arc Formation.

Material studied —17 Pa elements from section P9,
sample 34.

Ancyrodelloides transitans (Bischoff and
Sannemann, 1958)
Pl 4, Fig. 13; PL. 5, Figs. 1-5

Spathognathodus transitans BISCHOFF AND SANNE-
MANN, 1958, p. 107-108, pl. 13, figs. 4,5,12,14;
SERPAGLI AND OTHERS, 1978, p. 308, pl. 27, fig. 5.

Ozarkodina transitans (Bischoff and Sannemann).
LANE AND ORMISTON, 1979, p. 58, pl. 1, fig. 41, pl.
2, figs. 4,5,8,9,12,13, pl. 3, fig. 21; MASTANDREA,
1985, p. 255, pl. 2, fig. 2, pl. 5, figs. 14,15,17-19.

Ancryodelloides [sic] transitans (Bischoff and Sanne-
mann). MURPHY AND MATTI, 1983, p. 22, pl. 2,
figs. 9-11, pl. 3, figs. 9,10.

Ancyrodelloides transitans (Bischoff and Sannemann).
SCHONLAUB, 1985, p. 26, text-fig. 17-8; BARCA
AND OTHERS, 1986, p. 306, pl. 31, fig. 6; MURPHY
AND CEBECIOGLU, 1987, p. 592; MOSKALENKO AND
CHEGODAEYV, 1988, p. 135-136, pl. 17, figs. 9-15.

Remarks.—A thorough review of this well-known
species and comparison with the closely related
Ancyrodelloides trigonicus is given by Murphy and
Matti (1983, p. 21-22). A morphometric analysis of
these two and closely related species of Ancyrodel-
loides has been published by Murphy and Cebe-
cioglu (1987). According to Schonlaub (1985), A.
transitans has a range more or less coincident with
the Monograptus hercynicus Zone of the upper Loch-
kovian in the Barrandian area of Czechoslovakia.

Range.—Upper part of Fittstown Member, Bois
d’Arc Formation.

Material studied. —5 Pa elements, 1 Pb element at
section P11.

Ancyrodelloides? sp.
Pl. 4, Figs. 10,11,14,15

Remarks—Two specimens in the Oklahoma collec-
tions resemble certain species of Ancyrodelloides,
e.g., A. transitans (Bischoff and Sannemann) and A.
limbacarinatus Murphy and Matti, in the develop-
ment of denticulation on the blade, but the shape of
the small platform does not accord with any de-

scribed species of the genus. The denticulation of
the blade of the Oklahoma Pa elements is quite dis-
tinct from that seen in such characteristic species of
Ozarkodina as O. remscheidensis (Ziegler) and O.
excavata (Branson and Mehl). Consequently, they
are referred to Ancyrodelloides with question.

Range.—Cravatt Member of Bois d’Arc Formation.

Material studied —1 Pa element (section PR, sample
12); 1 Pa element (section J6, sample 11).

Genus Ozarkodina Branson and Mehl, 1933a
Ozarkodina BRANSON AND MEHL, 1933a, p. 51.

Type species.—Hindeodella confluens Branson and
Mehl, 1933a.

Remarks.—For generic synonymies and synonymy
of the type species, see Klapper and Murphy (1975,
p- 29-30) and Klapper (in Clark and others, 1981, p.
W165).

Ozarkodina remscheidensis eosteinhornensis
(Walliser, 1964)
Pl 6, Figs. 24

Spathognathodus steinthornensis eosteinhornensis WAL-
LISER, 1964, p. 85-86, pl. 9, fig. 15, pl. 20, figs. 7,
8,12-16,19-25 (not figs. 9-11 = O. snajdri [Wal-
liser]), text-fig. 9.

Ozarkodina remscheidensis eosteinhornensis (Walliser).
KLAPPER AND MURPHY, 1975, p. 40-42, pl. 7, figs.
11-21,23,24; OLIVIERI AND SERPAGLI, 1990, p. 69—
70, pl. 4, figs. 11-15; UYENO, 1990, p. 94-95, pl. 5,
figs. 4,5.

Hindeodella steinhornensis costeinhornensis (Walliser).
JEPPSSON, 1975, p. 38.

Ozarkodina steinhornensis costeinhornensis (Walliser)
sensu Jeppsson 1975. JEPPSSON, 1989, p. 28, pl. 2,
figs. 14 (Pa element), pl. 3, fig. 10 (Pb element).

Remarks.—Jeppsson (1975, p. 38, 1989) has advo-
cated a restricted definition of this subspecies in-
cluding only Pa elements that have the cusp and
adjacent denticles highly fused into a ridge, causing
the individual denticles to be indiscernible. Such a
restricted concept includes material of Walliser
(1964) from the type and closely adjacent strata at
Cellon in the Carnic Alps, but excludes much of the
range of variation originally ascribed to the sub-
species. Walliser’s broader concept of the variation
of the Pa element has generally been followed in
most of the subsequent literature and is followed
here as well. The foregoing synonymy list necessar-
ily cites only representative illustrations of the sub-
species.

Range.—Lower Henryhouse Formation.

Material studied —26 Pa elements, 8 Pb, 4 M, 7 Sc, 3
5b, and 1 Sa at section P1 (samples A21 and A28).
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Ozarkodina remscheidensis remscheidensis
(Ziegler, 1960)
Pl. 4, Figs. 8,9; PL. 6, Figs. 1,5-16

Spathognathodus remscheidensis ZIEGLER, 1960, p.
194-196, pl. 13, figs. 1,2,4,5,7,8,10,14.

Ozarkodina steinhornensis remscheidensis (Ziegler).
MASHKOVA, 1972, p. 83, pl. 2, figs. 19-24.

Ozarkoding remscheidensis remscheidensis (Ziegler).
KLAPPER AND MURPHY, 1975, p. 41-43, pl. 7, figs.
22,25-30; MAWSON, 1986, p. 49, pl. 6, figs. 1-20;
UYENO, 1990, p. 93-94, pl. 4, figs. 4-6, pl. 5, figs.
1-3,6-8,30-33,36,37, pl. 6, fig. 11, pl. 13, figs.
11,12,20, pl. 15, figs. 27,28,32-34, pl. 16, figs. 34~
40, pl. 17, figs. 29-34.

Remarks.—The apparatus of Ozarkodina remschei-
densis remscheidensis has been reconstructed by
Mashkova (1972), Klapper and Murphy (1975),
Mawson (1986), and Uyeno (1990), among others; a
rather comprehensive synonymy of the subspecies
can be found in Uyeno (1990).

The Pa element of O. r. remscheidensis is charac-
terized by the irregular height of the denticles; that
is the cusp, several denticles at the anterior end, as
well as one at or near the posterior end of the blade,
are higher than the rest. This contrasts with the Pa
element of O. r. eosteinhornensis in which the den-
ticles are of nearly uniform height. Specimens illus-
trated by Jeppsson (1989, pl. 2, figs. 6-11) have the
denticles declining gradually in a curve from the
high anterior end and thus do not conform to the Pa
element of either subspecies.

Although the upper surface of the cavity of the
Oklahoma specimens of O. r. remscheidensis is com-
monly smooth, some specimens (e.g., PL. 6, Fig. 15)
carry a single prominent node on the outer lobe.
Also, the range of variation of the Oklahoma mate-
rial extends to several large specimens in which
there is a high degree of fusion of the denticles in
the central part of the blade (e.g., PL 6, Fig. 11).
Thus, such a feature is not limited to Pa elements of
O. . eosteinhornensis in the restricted sense of Jepps-
son (1975, 1989).

Range.—Upper part of Henryhouse Formation to
lower part of Fittstown Member, Bois d’Arc Forma-
tion.

Material studied.—Total of 661 Pa elements, 222 Pb,
60 M, 169 Sc¢, 116 Sb, and 46 Sa at sections 1-35, PR,
P8, P1, Highway 77, P9, J6, Ca2, and at Gulf No. 1
Dyer (Amsden, 1975).

Ozarkodina wurmi (Bischoff and Sannemann,
1958)
Pl 4, Fig. 12

Spathognathodus wurmi BISCHOFF AND SANNEMANN,
1958, p. 108-109, pl. 14, figs. 4-10.

Spathognathodus inclinatus wurmi Bischoff and Sanne-

mann. BULTYNCK, 1971, p. 5-6, pl. 2, figs. 1,2,10,
12,13.

Ozarkodina wurmi (Bischoff and Sannemann). SCHON-
LAUB, 1980a, p. 40, pl. 6, fig. 10; SCHONLAUB,
1980b, p. 159, pl. 19, fig. 17; MOSKALENKO AND
CHEGODAEV, 1988, p. 157-158, pl. 23, figs. 22-26.

Remarks.—Although the Pa elements of Ozarkodina
wurmi and O. excavata excavata (Branson and Mehl)
are closely similar, their apparatuses can be distin-
guished on differences in the Sb and Sa elements.
The basal cavity of the Sa element of O. wurmi (il-
lustrated by Bultynck, 1971, pl. 2, fig. 9) and the Sb
element (Oklahoma collections) does not extend
very high up the base of the cusp. This is in contrast
to the high extent of the basal cavity in the same
elements of O. excavata excavata (e.g., Klapper and
Murphy, 1975, pl. 6, figs. 1,2,4 = Sb element, figs. 5,6
= Sa element; Mawson, 1986, pl. 4, figs. 17-20 = Sb
element, figs. 10-16 = Sa element). This distinction
in the two apparatuses was suggested earlier by
Klapper and Murphy (1975, p. 36-37).

The Pa element of Ozarkodina wurmi is closely
comparable to that of O. tuma Murphy and Matti
(1983, p. 7-8), as each has a swelling on both sides
of the blade above the basal cavity. The Pa element
of O. tumna, however, characteristically lacks a promi-
nent cusp and has lower anterior denticles in con-
trast with the same element of O. wurmi. The maxi-
mum number of denticles in the largest Oklahoma
Pa element of O. wurmi (section J6, sample 11) is 17,
which is below the range counted for Nevada col-
lections of O. tuma (Murphy and Cebecioglu, 1986,
text-fig. 2).

Range.—Cravatt Member, Bois d’Arc Formation.

Material studied.—22 Pa elements, 28 Pb, 14 M, 23
Sc, 23 Sb, and 13 Sa at section J6.
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PLATE 1
Belodella

Figured specimens: SUI—University of Jowa, Iowa City, lowa.

Figures 1-3,7,14-17.—Belodella cf. B. resima (Philip), Haragan Formation, section
1-35, sample 9. 1, inner lateral view of Sc element (70x), SUI 64707; 2, posterior view
of Sc element (70x), SUI 64708; 3, outer lateral view of Sc element (70x), SUI 64709;
7, outer lateral view of M element (80x), SUI 64713; 14, inner lateral view of broad
Sb element (80x), SUI 64720; 15, lateral view of Sa element (80x), SUI 64721; 16, in-
ner lateral view of tortiform element (80x), SUI 64722; 17, outer lateral view of slen-
der Sb element (80x), SUI 64723.

Figures 4-6,8-12,18.—Belodella anfracta Barrick and Klapper, new species. Henry-
house Formation, section PR, sample 2. 4, outer lateral view of Sc element (80x),
SUI paratype 64710; 5, posterior view of Sc element (80x), SUI paratype 64711;
6, outer lateral view of Sc element (80x), SUI holotype 64712; 8, inner lateral view
of tortiform element (80x), SUI paratype 64714; 9, outer lateral view of M element
(80x), SUI paratype 64715; 10, outer lateral view of tortiform element (80x), SUI
paratype 64716; 11, outer lateral view of tortiform element (80x), SUI paratype
64717; 12, lateral view of Sa element (80x), SUI paratype 64718; 18, outer lateral
view of Sb element (80x), SUI paratype 64724.

Figure 13.—Belodella? paucidentata Moskalenko and Chegodaev 1988?, Fittstown
Member, Bois d’ Arc Formation, section P11, sample 15. 13, inner lateral view of Sb
element (80x), SUI 64719.
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PLATE 2
Belodella, Dapsilodus, Decoriconus, and Dvorakia

Figured specimens: SUI—University of Iowa, Iowa City, lowa.

Figure 1.—Dwvorakia sp. Fittstown Member, Bois d’ Arc Formation, section P11,
sample 14B. 1, lateral view of Sa? element (80x), SUI 64725.

Figure 2.—Dapsilodus sp. Henryhouse Formation, section PR, sample 2. 2, inner
lateral view of SbSc element (87x%), SUI 64726.

Figures 3,4,8,9,12-14.—Belodella coarctata Barrick and Klapper, new species.
Henryhouse Formation, section PR, sample 2. 3, inner lateral view of M element
(87x), SUI paratype 64727; 4, outer lateral view of M element (87x), SUI paratype
64728; 8, inner lateral view of tortiform element (87x), SUI holotype 64732; 9, inner
lateral view of Sc element (87x), SUI paratype 64733; 12, outer lateral view of
tortiform element (87x), SUI paratype 64736; 13, outer lateral view of Sa element
(80x), SUI paratype 64737; 14, inner lateral view of Sb element (80x), SUI paratype
64738.

Figure 5.—Decoriconus fragilis (Branson and Mehl), Henryhouse Formation, section
PR, sample 2. 5, inner lateral view of Sc element (100x), SUI 64729.

Figures 6,7,10.—Dvorakia philipi (Drygant)?, Haragan Formation, section I-35. 6, in-
ner lateral view of Sb1 element (80x), SUI 64730, sample 4; 7, outer lateral view of
Sb2 element (80x), SUI 64731, sample 3; 10, inner lateral view of Sb2 element (80x),
SUI 64734, sample 4.

Figures 11,15-19.—Dvorakia amsdeni Barrick and Klapper, new species.
Henryhouse Formation, section P1. 11, inner lateral view of Sb2 element (87x), SUI
paratype 64735, sample B10; 15, lateral view of slender Sd element (80x), SUI holo-
type 64739, sample A28; 16, inner lateral view of Sb1 element (80x), SUI paratype
64740, sample A28; 17, outer lateral view of Sc element (87x), SUI paratype 64741,
sample A28; 18, outer lateral view of Sb1 element (87x), SUI paratype 64742,
sample A28; 19, lateral view of broad Sd element (80x), SUI paratype 64743,
sample A28.
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PLATE 3
Pedavis, Icriodus

All figures x40, all Pa elements unless noted otherwise. Figured specimens: SUI—
University of lowa, Iowa City, Iowa.

Figures 1-3.—Pedavis biexoramus Murphy and Matti. Haragan Formation, section
I-35. 1, upper view of SUI 64744, sample 4; 2, upper view of SUI 64745, sample 4;
3, upper view of SUI 64746, sample 3AA.

Figures 4-6.—lIcriodus eolatericrescens Mashkova sensu Drygant. Haragan Forma-
tion. 4, upper view of SUI 64747, section 1-35, sample 4; 5, upper view of SUI 64748,
section [-35, sample 4; 6, upper view of small specimen, SUI 64749, section High-
way 77, sample 47.

Figures 7-12.—Icriodus postwoschmidti Mashkova. Bois d’ Arc Formation, except
Figure 7. 7, upper view of SUI 64750, Haragan Formation, section I-35, sample 4;
8, upper view of SUI 64751, Cravatt Member, section P8, sample 12; 9, lateral view
of 5 element, SUI 64752, Fittstown Member, section P8, sample 15; 10, upper view
of SUI 64753, Fittstown Member, section P8, sample 15; 11, upper view of SUI
64754, Fittstown Member, Gulf No. 1 Dyer, McClain County, Oklahoma (Amsden,
1975, p. 84), 9,025-9,035 ft; 12, upper view of SUI 64755, Fittstown Member, section
P8, sample 15.
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PLATE 4
Oulodus, Ozarkodina, Ancyrodelloides

All figures x40. Figured specimens: SUI—University of lowa, Iowa City, Iowa.

Figures 1,2.—Oulodus elegans elegans (Walliser). Henryhouse Formation, section
P1, sample A28. 1, inner lateral view of Sc element, SUI 64756; 2, inner lateral view
of Sc element, SUI 64757,

Figures 3-7.—Oulodus elegans detorta (Walliser). Henryhouse Formation. 3, inner
lateral view of Sc element, SUI 64758, section 1-35, sample 1B; 4, inner lateral view
of Sc element, SUI 64759, section PR, sample 3; 5, inner lateral view of Sc element,
SUI 64760, section I-35, sample 2BB; 6, lateral view of Sd element, SUI 64751, sec-
tion I-35, sample 1B; 7, lateral view of M element, SUI 64762, section PR, sample 3.

Figures 8,9.—Ozarkodina remscheidensis remscheidensis (Ziegler). Haragan Forma-
tion, section P1. 8, inner lateral view of Pa element, SUI 64763, Sample B3; 9, outer
lateral view of Pa element, SUI 64764, Sample B3.

Figures 10,11,14,15.—Ancyrodelloides? sp. Bois d’Arc Formation, Cravatt Member.
10,11, upper and inner lateral views of Pa element, SUI 64765, section PR, sample
12; 14,15, outer lateral and upper views of Pa element, SUI 64766, section Je,
sample 11.

Figure 12.—Ozarkodina wurmi (Bischoff and Sannemann). Bois d’Arc Formation,
Cravatt Member. 12, inner lateral view of Pa element, SUI 64767, section J6, sam-
ple 11.

Figure 13.—Ancyrodelloides transitans Bischoff and Sannemann. Bois d’Arc Forma-
tion, Fittstown Member. 13, inner lateral view of Pa element, SUI 64768, section
P11, sample 15.
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PLATE 5
Ancyrodelloides

All figures x40, all Pa elements unless noted otherwise. Figured specimens: SUl—
University of Iowa, Jowa City, lowa.

Figures 1-5.—Ancyrodelloides transitans (Bischoff and Sannemann). Bois d’Arc
Formation, Fittstown Member. 1, upper view of specimen in Pl. 4, Fig. 13, SUI
64768, section P11, sample 15; 2, upper view of SUI 64769, section P11, sample
14B; 3, outer lateral view of Pb element, SUI 64770, section P11, sample 14B;
4, upper view of SUI 64771, section P11, sample 15; 5, upper view of SUI 64772,
section P11, sample 14B.

Figures 6-9.—Ancyrodelloides secus Barrick and Klapper, new species. Bois d’ Arc
Formation, Fittstown Member, section P9, sample 34. 6, upper view of SUI
paratype 64773, 7, upper view of SUI paratype 64774, posterior process partially
broken; 8,9, upper and lower views of SUI holotype 64775, specimen in two
pieces, fitted together.
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PLATE 6
Ozarkodina

All figures x40, all Pa elements unless noted otherwise. Figured specimens: SUI—
University of lowa, Iowa City, lowa.

Figure 1.—Ozarkodina remscheidensis remscheidensis (Ziegler). Haragan Formation.
1, outer lateral view of Pb element, SUI 64776, section P1, sample B3.

Figures 2-4.—QOzarkodina remscheidensis eosteinhornensis (Walliser). Henryhouse
Formation. 2, outer lateral view of SUI 64777, section P1, sample A21; 3, outer lat-
eral view of SUI 64778, section P1, sample A28; 4, outer lateral view of SUI 64779,
section P1, sample A28.

Figures 5-16.—Ozarkodina remscheidensis remscheidensis (Ziegler). Haragan For-
mation, except Figures 9,12,13,16. 5, outer lateral view of SUIT 64780, section P1,
sample B2; 6, outer lateral view of SUI 64781, section P1, sample B3; 7, outer lat-
eral view of SUI 64782, section P1, sample B3; 8, outer lateral view of SUI 64783,
section P1, sample B3; 9, outer lateral view of SUI 64784, Bois d’ Arc Formation,
Cravatt Member, section P8, sample 12; 10,11, upper and outer lateral views of
SUI 64785, section PR, sample 9; 12, outer lateral view of SUI 64786, Bois d’Arc
Formation, Fittstown Member, section P9, sample 33; 13, outer lateral view of SUI
64787, Bois d’ Arc Formation, Cravatt Member, section PR, sample 12; 14,15, outer
lateral and upper views of SUI 64788, section P1, sample B3; 16, outer lateral view
of SUI 64789, Bois d’ Arc Formation, Cravatt Member, section P8, sample 12.
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The Ordovician Utica Shale in the Eastern Midcontinent Region:
Age, Lithofacies, and Regional Relationships

Stig M. Bergstrom
The Ohio State University

Charles E. Mitchell
State University of New York at Buffalo

ABSTRACT.—In the northern Ohio subsurface, the Middle Ordovician Trenton Limestone, a sig-
nificant oil and gas producer, is disconformably overlain by a few hundred feet of black, gray, and
green shales and subordinate limestones. The lower 200-300 ft of this succession consist of black
to dark-brown shales long referred to as the Utica Shale. Previously, there has been no biostrati-
graphic control of this unit, but the present study shows that it contains relatively abundant and
taxonomically diverse graptolites. In a core from Seneca County, the lower part of the Utica Shale
yielded graptolites typical of the Geniculograptus pygmacus Zone, which is middle Edenian to
middle-upper Maysvillian in age. This zone is well known from the Utica Shale of New York/
Quebec, the Collingwood Shale of Ontario, and the middle and upper Kope and Fairview Forma-
tions in the Cincinnati region. Graptolites from the Utica Shale in several other drill-cores from
Ohio permit assessment of the relations between the Utica Shale in northern Ohio and lithologi-
cally similar, but partly older, shales in the Sebree Trough in the Cincinnati region. Regional
lithostratigraphical comparisons, correlation of geophysical logs, and biostratigraphic evidence
from graptolites and conodonts indicate that a tongue of the Utica Shale extends across much of the
eastern Midcontinent and can be traced into the lower Maquoketa Group in the Upper Mississippi
Valley. The main distributional area of this Utica Shale lithofacies is east of the Wisconsin/Michi-
gan and Illinois/Indiana border region. West of this region, this lithofacies is sporadic in occur-
rence and biostratigraphically younger than the typical Utica Shale. It is concluded that the Utica
Shale lithofacies, although occurring in a continuous body over most of the eastern Midcontinent,
is not a blanket-type deposit but rather a complex mosaic showing considerable age differences lo-
cally and regionally. Likewise, there is evidence suggesting that the environment of deposition of
these shales was not uniform regionally but showed local variations, especially in water depth.
However, much of the Late Ordovician part of this shale was deposited during a transgression that

can be traced regionally over much of North America and possibly also in northern Europe.

INTRODUCTION

For more than a century (Orton, 1888), a several-
hundred-foot-thick sequence of black, dark-brown,
and dark-gray shales overlying the Trenton Lime-
stone in northern Ohio has been referred to as the
Utica Shale. Although nowhere exposed at the sur-
face within the state, the distinctive lithology of this
unit has made it readily recognizable to the drillers.
Because it rests directly on the Trenton Limestone,
a major oil and gas producer, it has been penetra ted
by literally thousands of wells, particularly from
the 1880s to World War L. In view of this, it is some-
what surprising that apart from occasional brief
descriptions in subsurface geology reports (see,
for instance, Calvert, 1963; Wickstrom and others,
1985; Wickstrom and Gray, 1989) very little has
been published on the geology and paleontology of
this unit in northern Ohio. For instance, as far as we
are aware, these rocks have never been subjected to
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a biostratigraphic study, and there are virtually no
data available on the occurrence of any fossil group.
This is undoubtedly due, at least in part, to the fact
that these shales are known only from the subsur-
face, and, with very few exceptions, they have not
been cored during the search for Trenton oil and
gas. However, our studies of some of the existing
Utica Shale cores show that biostratigraphically
useful fossils such as graptolites and conodonts
occur abundantly in many intervals. These fossils
provide significant new information about the local
and regional relations of this widespread litho-
facies.

The present study is an outgrowth of our inves-
tigations of brownish shales of late Middle (Mo-
hawkian) and early Late Ordovician (Cincinnatian)
age in the Sebree Trough, which extends from
southwestern Ohio, through eastern Indiana,
westernmost Kentucky and into northwestern Ten-
nessee (Bergstrom and Mitchell, 1990; Mitchell and
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Bergstrom, 1991). A reconnaissance study of a core
from Seneca County, northern Ohio, showed that
the Utica Shale contains relatively abundant grap-
tolites, including some biostratigraphically highly
diagnostic forms. This discovery prompted us to
study the Utica Shale in several other cores. In or-
der to clarify some stratigraphical relations, it was
also necessary to include the subjacent Trenton
Limestone in these investigations. The principal
goals of the project may be defined as follows:

1) To date the Utica Shale and the Trenton Lime-
stone locally and regionally in northern Ohio in
terms of standard graptolite and conodont zones.

2) To assess the nature of the much-discussed
Trenton-Utica contact. This is commonly a very
uneven, corroded, mineralized surface that may be
associated with a thin conglomerate or breccia. Was
this contact formed under submarine or subaerial
conditions? Does it represent a significant deposi-
tional break?

3) To clarify whether or not the shale body clas-
sified as the Utica Shale in northern Ohio is in lat-
eral continuity with the Utica Shale of New York. Is
the name Utica Shale appropriate for these rocks in
Ohio?

4) To examine whether or not the Utica Shale
of northern Ohio is in lateral continuity with the
dark shales in the Sebree Trough in eastern Indiana

and southwestern Ohio. Is the designation Utica
Shale appropriate for this shale unit in the Sebree
Trough?

5) To trace the lateral extent of the Utica Shale
lithofacies westward toward the Mississippi Valley
and clarify its relations to the Maquoketa and Ga-
lena Groups of the Upper Mississippi Valley.

This is an ongoing study, and additional data are
needed to fill in some obvious gaps in our under-
standing of the local and regional geology of the
Utica Shale. However, the data now in hand pro-
vide preliminary answers to most of the questions
just posed, including some conclusions of more
than local interest. Thus, it appears timely to sum-
marize our principal results. We plan to present
more detailed data in a projected monograph on
Middle and Upper Ordovician graptolites and
graptolite biostratigraphy of the eastern Midcon-
tinent region.

Although our project is centered in Ohio, it ex-
tends over a large part of the eastern Midcontinent;
in the text below, we refer to more than two dozen
localities in some 10 states. To facilitate this regional
discussion, the geographic location of most of these
localities and the position of several transects illus-
trated in other figures are given in Text-figure 1.

It is with great pleasure that we dedicate this
paper to Dr. Thomas W. Amsden in recognition
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of his very important contributions to our knowl-
edge about the Lower Paleozoic geology of North
America.

UTICA SHALE SUCCESSIONS
IN NORTHERN OHIO
AND ADJACENT AREAS

Lithological Sequence and
Stratigraphical Classification

In the subsurface of northern Ohio, the upper
Middle Ordovician is subdivided into two lime-
stone formations, the Black River Limestone and
the Trenton Limestone. These are overlain by sev-
eral hundred feet of shales, mudstones, and subor-
dinate limestones that are collectively classified as
“Cincinnatian Series undifferentiated” or as “Cin-
cinnati Group.” In most wells, the basal 200-300 ft
of this fine-clastic succession consist of dark-brown
to black shales that have been referred to as the
Utica Shale from the time of Orton (1888). In some
areas, the lower 100-150 ft of this shaly interval con-
tain an appreciable amount of argillaceous fine-
grained limestone. This calcareous development
of the lower Utica Shale has been distinguished as
the Cynthiana Formation (Calvert, 1963), the Point
Pleasant Formation (Wickstrom and Gray, 1989), or
the “Point Pleasant” Equivalent(?) (Wickstrom and
others, 1985). It should be noted that these dark-
colored rocks are lithologically quite different from
the type Cynthiana Limestone of northern Ken-
tucky and the type Point Pleasant Formation in
the Ohio River Valley southeast of Cincinnati. See
Wickstrom and Gray (1989) for a recent general re-
view of the upper Middle and Upper Ordovician
stratigraphy of northern Ohio.

In Text-figure 2, we compare the upper Middle-
lower Upper Ordovician lithological succession in
five wells along a transect from the southeastern
part of the Michigan Basin across northern Ohio to
northeasternmost Pennsylvania. As shown in this
figure, the thickness of the Trenton Limestone var-
ies considerably from <100 ft to ~350 ft. Likewise,
the stratigraphical interval above the Trenton Lime-
stone recognized as the “Point Pleasant Formation”
differs between the wells both in lithology and in
stratigraphic position in terms of its height above
the base of the Trenton Limestone. Similar varia-
tions in lithology and thicknesses have been re-
corded previously by Calvert (1963, pl. 1) and by
Wickstrom and Gray (1989, fig. 4). However, in the
absence of biostratigraphical control, it has not been
clear whether these relationships reflect different
local depositional rates of the Trenton Limestone,
or lateral facies relationships between the Trenton
Limestone, the “Point Pleasant Formation,” and the
Utica Shale, or, perhaps, a combination of these al-
ternatives. Our new biostratigraphical data provide
not only significant evidence useful for interpreta-

tion of formational relations locally, but also show
that the regional relations between major lithic
units are more complex than has been suspected
previously. For clarity, we will first discuss each
core separately, and then attempt a regional com-
parison.

The Seneca Well

In 1985, the Ohio Division of Geological Survey
drilled a well to a depth of 2,870 ft in Liberty Town-
ship, Seneca County (Text-fig. 1). The entire se-
quence from the middle Silurian to the uppermost
part of the Precambrian basement was cored. A
lithological description of this well, along with geo-
physical logs, was published by Wickstrom and
others (1985). In this core, the Trenton and Black
River Limestones attain a total thickness of ~660 ft
and are overlain by ~900 ft of Upper Ordovician
rocks (Text-fig. 3). Unfortunately, the small core
diameter (1756 in.) precludes collecting conodont
samples of adequate size from the Trenton Lime-
stone-Black River Limestone interval. The top of
the Trenton Limestone marks a sharp lithological
break. The contact is a distinctive irregular surface
above a thin, pyrite-rich brecciated zone. The ap-
pearance of this contact is closely similar to that at
the top of the Trenton Limestone in wells from Indi-
ana (Keith, 1985) and northern Illinois (Kolata and
Graese, 1983). The Trenton Limestone is directly
overlain by ~250 ft of black to light-gray shales that
we refer to as the Utica Shale. Above this unit, with
gradational contact, follow >600 ft of light-gray to
greenish shales and mudstones. Within the top part
of this sequence, between 635 and 750 ft, is a lime-
stone-dominated interval classified as the White-
water Formation Equivalent(?) by Wickstrom and
others (1985). The topmost 75 ft of the Ordovician
succession, which include red, green, and gray
shales and mudstones, were identified as the
Queenston Formation by Wickstrom and others
(1985).

We have searched most of the core between 800
and 1,450 ft for graptolites. The vertical distribution
of identified taxa in the interval below 1,100 ft is
shown in Text-figure 4, and some of the species are
illustrated in Text-figure 5. The very lowermost
portion of the Utica Shale, just above the top of the
Trenton Limestone, yielded numerous specimens
of Geniculograptus pygmaeus, the biostratigraphic
marker of the G. pygmaeus Zone in the New York/
Quebec graptolite zone succession (Riva, 1969a,b;
1974). This species ranges up to at least the 1,100-
ft level in the Seneca core suggesting that the G.
pygmaeus Zone has a thickness of at least 350 ft. The
lowermost part of the zone also contains Crypto-
graptus? sp., Dicellograptus sp. cf. D. flexuosus (Text-
fig. 5M), Geniculograptus typicalis typicalis (Text-fig.
5F,L), Normalograptus n. sp. (Text-fig. 5N), and
Orthoretiolites hami Whittington (Text-fig. 5C,1), a
species assemblage characteristic of the lowermost
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Text-figure 3. Lithologic succession and geophysical
logs of the Seneca well (Ohio Division of Geologi-
cal Survey core no. 2580). Stratigraphic terms to the
right are after Wickstrom and others (1985); those to
the left are ours based mainly on graptolite biostra-
tigraphy. Shown vertical extent of the Utica Shale is
approximate because of the gradational nature of
the contact between this unit and overlying strata.
For explanation of lithologic symbols, see legend
on Text-figure 2. GR = gamma ray; NP = neutron po-
rosity.
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G. pygmaeus Zone in the Cincinnati region (Berg-
strom and Mitchell, in press), where it occurs in
rocks of raiddle Edenian age. Hence, the graptolite
evidence at hand suggests that the base of the Utica
Shale in the Seneca core is equivalent to a level well
above the base of the Cincinnatian in its typical de-
velopment in the Cincinnati region.

A 100-ft interval above the 1,180-ft level in the
Seneca core contains a distinctive graptolite species
assemblage (Text-fig. 4), including specimens of
what may be Geniculograptus typicalis magnificus
(Text-fig. 5G), which we have not found in older
strata. Because these graptolites occur within the
local range of G. pygmaeus, and the species associa-
tion is similar to that known from the upper G. pyg-

maeus Zone in New York/Quebec and Ontario
(Riva, 1969a), we interpret this portion of the core to
represent a high segment of the G. pygmaeus Zone.
Based on the recent graptolite correlation of the
Cincinnatian Series (Bergstrom and Mitchell, 1986),
this interval is likely to be of Maysvillian age.

The Seneca core succession between 810 and 860
ft (Text-fig. 3} has produced scattered graptolites,
the most significant of which are several specimens
(Text-fig. 5B,H) of Arnheimograptus anacanthus
(Mitchell and Bergstrom) found between 810 and
817 ft. Walters (1977) and Walters and others (1982)
reported the occurrence of this species (listed as
Glyptograptus sp. and Glyptograptus anacanthus, re-
spectively) from strata of the Amplexograptus mani-
toulinensis Zone in the Nicolet River Formation of
Quebec. In southwestern Ohio and eastern Indiana,
this species is known from several localities where
it occurs in the early Richmondian Arnheim Forma-
tion (Mitchell and Bergstrém, 1977). It seems likely
that the Seneca core occurrence is of the same age
and that the limestone-rich interval between 880
and 920 ft reflects the same regional shallowing in
the depositional environment in late Maysvillian
time that produced the Bellevue Limestone and as-
sociated strata in the Cincinnati region. Likewise,
the prominent 100-ft limy interval across the 700-ft
level may correspond to the middle Richmondian
shallowing episode in the Cincinnati region. Hence,
the suggestion by Wickstrom and others (1985) that
this limy interval is an equivalent of the Whitewater
Formation is likely to be correct.

As noted above, the small diameter of the Seneca
core makes it impossible to obtain conodont bio-
stratigraphic control of the 150-ft-thick Trenton
Limestone. However, comparison of geophysical
logs (Text-figs. 2,6) suggests that it corresponds to
the lower part of the unit in those northern Ohio
sections where the Trenton Limestone attains a
greater thickness.

The Viola Holman Well

The Viola Holman well was drilled in 1966 near
the southeastern edge of the Northville oil and gas
field, ~15 mi northwest of the center of Detroit,
Wayne County, Michigan (Text-fig. 1). Because this
well is currently the only one in the Lake Erie re-
gion with conodont control through a thick devel-
opment of the Trenton Limestone, it is of potential
importance for assessment of the Trenton Lime-
stone-Utica Shale relations in northern Ohio. A
stratigraphic comparison between this well and
two Ohio wells is given in Text-figure 6.

Below 3,601 ft of Devonian, Silurian, and Upper
Ordovician strata in the Viola Holman well, there
are 360 ft of Trenton Limestone, all of which was
cored. In connection with a geomagnetic reversal
study, Faber (1979} studied a long series of cono-
dont samples through the Trenton Limestone. Di-
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Text-figure 4. Known vertical ranges of graptolites in the Seneca well. Note that the interval between 1,250
and 1,400 ft has not yet been investigated. The species association in the lower 50 ft of the Utica Shale is
typical of that in the lowermost Geniculograptus pygmaeus Zone in the Cincinnati region, and that between
1,100 and 1,180 ft is similar to that in the upper G. pygmaeus Zone in New York, Ontario, and Quebec. The
level of the top of the G. pygmaeus Zone has not yet been established, but it is likely to be in the interval
between 1,000 and 1,100 ft that has not yet yielded stratigraphically diagnostic graptolites. As indicated in the
text, the interval between 800 and 810 ft (not shown in the text-figure) has produced specimens of Arn-
heimograptus anacanthus (Text-fig. 5B,H), a widespread species in the lower Richmondian Arnheim Forma-
tion in southwestern Ohio. For explanation of lithologic symbols, see legend on Text-figure 2.
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Text-figure 5. Camera lucida drawings of representa-
tive graptolite specimens from the Climacograptus
(D.) spiniferus, Geniculograptus pygmaeus, and
Amplexograptus manitoulinensis Zones in Ohio Divi-
sion of Geological Survey core no. 2580, Seneca
County, and core no. 2974, Wyandot County, north-
ern Ohio. All specimens are x6 and are identified by
the core (SC and WC, respectively) and the footage
from which they were obtained. A—Orthograptus
amplexicaulis (Hall), SC 1,121 ft 2 in., upper G. pyg-
maeus Zone. B,H—Arnheimograptus anacanthus
(Mitchell and Bergstrém), SC 810 ft 10 in., A. mani-
toulinesis Zone. C,I—Orthoretiolites hami Whitting-
ton, SC 1,447 ft 11 in., lower G. pygmaeus Zone.

agnostic conodont species were relatively sparse in
his samples, but he tentatively placed the Amorpho-
gnathus tvaerensis—A. superbus Zone boundary 250 ft
above the base of the Trenton Limestone at the
3,711-ft level in the core. A restudy of Faber’s (1979)
collections indicates that this zonal boundary is
between the 3,702- and 3,880-ft levels, but addi-
tional collections are needed to establish its precise
position. A comparison of the geophysical logs
from the Seneca and Viola Holman wells suggests
that the conodont zone boundary broadly corre-
sponds to a level in the topmost Trenton Limestone,

D,E—Orthograptus quadrimucronatus (Hall), SC
856 ft 10 in. and 856 ft 4 in., respectively, A. manitou-
linensis Zone. F,L—Geniculograptus typicalis typi-
calis (Hall), SC 1,417 ft and 1,443 ft 4 in., respec-
tively, lower G. pygmaeus Zone. G—Geniculograp-
tus typicalis magnificus (Twenhofel), SC 1,170 {t 5
in., upper G. pygmaeus Zone. J— Geniculograptus
pygmaeus (Ruedemann), WC 1,143 ft 2 in., lower G.
pygmaeus Zone. K—Climacograptus (D.) spiniferus
Ruedemann, WC 1,248 ft 8 in., C. (D.) spiniferus
Zone. M—Dicellograptus sp. cf. D. flexuosus Lap-
worth, SC 1,433 ft 4 in., lower G. pygmaeus Zone.
N—Normalograptus n. sp. 1, SC 1,438 ft 5 in., lower
G. pygmaeus Zone.

or slightly higher, in the Seneca well. The Utica
Shale was not cored in the Viola Holman well, but
the geophysical logs suggest a thickness of 200-300
ft, about the same as in the Seneca well. Although
no graptolite evidence is available, it seems likely
that the entire unit may belong to the Geniculograp-
tus pygmacus Zone, based on conodont-graptolite
zone relationships documented in the Cincinnati
region (Mitchell and Bergstrom, 1991). The Utica
Shale-Trenton Limestone contact is abrupt, sug-
gesting a depositional break, probably of small
magnitude.
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Wyandot County Wells

Several wells have been drilled in Wyandot
County just south of Seneca County. We have ex-
amined the graptolite succession in the Utica Shale
in Wyandot County core no. 2974, which is stored
at the Ohio Division of Geological Survey in Co-
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186, which was drilled near well no. 2974 and has a
virtually identical lithologic succession. Both wells
were drilled in Pitt Township ~35 mi south of the
site of the Seneca well (Text-fig. 1).

The Trenton Limestone in well no. 2974 is only
90 ft thick, hence considerably thinner than in the
Seneca well (150 ft). The top of the Trenton Lime-

lumbus, Ohio. No geophysical logs are available for
this well. In Text-figure 6 we use logs from well no.

stone is marked by accumulation of pyrite and
brecciated limestone pieces. Immediately above this
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Text-figure 6. Interpretation of the stratigraphic relations between the late Middle and Upper Ordovician
successions in three wells in the Lake Erie region. For the locations of these wells, see Text-figure 1. The
geophysical logs in the Wyandot County succession are from well no. 186, and the graptolite data are from
the lithologically closely similar nearby well no. 2974 for which no geophysical logs are available. Note that
in the Seneca core the lowermost part of the Utica Shale belongs in the Geniculograptus pygmaeus Zone,
whereas in the Wyandot well there is a 165 ft sequence of the Climacograptus spiniferus Zone beneath the
base of the G. pygmaeus Zone in the lower part of the Utica Shale. This fact, along with geophysical log cor-
relations, suggest the existence of a 100—150-ft gap between the Trenton Limestone and the Utica Shale
corresponding to the lower Edenian and, probably, the upper Mohawkian in the Cincinnati region. If there is
also a significant stratigraphic gap beneath the Utica Shale in the Viola Holman well, which cannot be estab-
lished at the present time because of lack of biostratigraphical control of its lower Utica Shale, the stratigraphic
gap in the Seneca well is even larger than shown in this text-figure. For explanation of lithologic symbols, see
legend on Text-figure 2. GR = gamma ray; NP = neutron porosity.
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level follow dark-brown, dark-gray, or almost black
shales with numerous thin layers of fine-crystalline
dark limestone in the basal 50 ft above the top of
the Trenton Limestone. The graptolite fauna in the
lower part of these shales, which are referred to as
the Utica Shale, is older than that at the base of the
Utica Shale in the Seneca well but closely similar to
that in the Climacograptus (D.) spiniferus Zone in the
Cincinnati region (Mitchell and Bergstrom, 1991;
Bergstrom and Mitchell, 1990, in press) and New
York/Quebec (Riva, 1969b) with the zonal marker
(Text-fig. 5K) appearing ~4 ft above the top of the
Trenton Limestone. Highly significant biostrati-
graphically is the appearance of Geniculograptus
pygmaeus (Text-fig. 5]) at the 1,245.5-ft level, ~168 ft
above the base of the Utica Shale. This level is taken
as the base of the G. pygmaeus Zone, which contin-
ues upward to at least the 1,143-ft level (higher
parts of the core have not yet been searched for
graptolites).

Despite the fact that the sites of the Seneca and
Wyandot wells are in adjacent counties and no
more than 35 mi apart, there are conspicuous differ-
ences in the development of the Trenton Limestone
and the Utica Shale. Not only is the thickness of the
Trenton Limestone 60% greater in the Seneca core,
but the 165-ft-thick Climacograptus (D.) spiniferus
Zone in well no. 2974 has no graptolite shale
equivalent in the Seneca core. It is possible, but can-
not be proved, that the uppermost portion of the
Trenton Limestone in the Seneca core is a facies
equivalent of the lowermost Utica Shale in well no.
2974, but we believe it is highly unlikely that the
equivalents of the entire 165-ft thickness of the C.
(D.) spiniferus Zone are present in the upper 60 ft of
the Trenton Limestone in the Seneca core. Rather,
we believe that there is a substantial gap at the top
of the Trenton Limestone in the Seneca core (Text-
fig. 6) that corresponds to the lower Edenian and
possibly uppermost Mohawkian. Geophysical log
correlations suggest that there may be a strati-
graphic gap, of much smaller magnitude, at the
base of the Utica Shale also in well no. 2974; how-
ever, presently available data are insufficient to
firmly establish this. The notable stratigraphical
gap between the Utica Shale and the Trenton Lime-
stone in the Seneca core is unexpected and calls for
an explanation. This well is located in the Findlay
Arch area (Wickstrom and Gray, 1989, fig. 10,12),
and it is possible that the gap reflects movements
along that structure in latest Middle and earliest
Late Ordovician time. Interestingly, Kolata and
Graese (1983) noted uplift on the LaSalle Anticli-
norium and the Wisconsin Arch at approximately
this time.

The Logan County Well

In order to clarify the relations between the Utica
Shale in northern Ohio and the succession of brown

shales in the Sebree Trough just northwest of the
Cincinnati Arch in eastern Indiana and southwest-
ern Ohio (Mitchell and Bergstrém, 1991; Bergstrom
and Mitchell, 1990), we have examined a core from
a site about halfway between the sites of the Seneca
well and the Cook Farm well (Mitchell and Berg-
strom, 1991). This well, the Virgil Johns et al. Unit 1,
was drilled 3,361 ft to the Precambrian basement in
McArthur Township, Logan County in 1947 (Text-
fig. 1). Only minor parts of the drilled succession
(Text-fig. 7) were cored, but the cored portions,
which are stored at the Ohio Division of Geological
Survey (core no. 645), include parts of the lower-
most 100 ft of dark shales referred to as the Utica
Shale and the top 27 ft of the underlying Trenton
Limestone. According to a core log filed with the
Ohio Division of Geological Survey, the thicknesses
of the Trenton Limestone and the Utica Shale are 38
and 383 ft, respectively. The contact between the
Trenton Limestone and the Utica Shale is sharp and
marked by pyrite accumulation, suggesting a dis-
conformity. A few samples collected from the Tren-
ton Limestone in this core produced relatively
abundant and well-preserved conodont elements
(Table 1), including many specimens of the zonal
marker Amorphognathus tvaerensis (P1. 1, Figs. 24-30)
in a sample from the 1,528-ft level, that is, ~15 ft
below the top of the Trenton Limestone. The cono-
donts at hand (Pl. 1) show that most, if not all, of
this unit belongs in the A. tvaerensis Zone. This is in
good agreement with the fact that graptolites from
the basal 20 ft of the overlying Utica Shale includes
Climacograptus (D.) spiniferus, the biostratigraphic
marker of the C. (D.) spiniferus Zone. Among the
wells discussed above, the Wyandot County wells
compare most closely with the Logan County well
although the thickness of the Trenton Limestone in
the latter well is less than half (38 ft) of that in the
former well (90 ft). Interestingly, this decrease in
thickness of the Trenton Limestone is associated
with an increase of the Utica Shale from 270 to 383
ft. It should, however, be noted that the last two fig-
ures are only approximate because of the transi-
tional nature of the contact between the Utica Shale
and overlying strata.

The Cook Farm Well

The upper Middle and lower Upper Ordovician
succession in the Cook Farm well (Indiana Geologi-
cal Survey hole no. 57), which was drilled in Wayne
County, Indiana, near the Ohio border (Text-fig. 1),
is representative of the northwestern portion of the
Sebree Trough, and important for the interpretation
of the regional relations of the Utica Shale in north-
ern Ohio. The succession in this well has been dis-
cussed by Gray (1972) and Mitchell and Bergstrom
(1991), and little needs to be added here. The Tren-
ton Limestone has about the same thickness (33 ft)
as in the Logan County well and is overlain, with
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sharp contact, by >300 ft of dark shales referred to
as the Utica Shale. The relatively abundant grapto-
lites in these shales show that the lower 240 ft of this
unit belongs to the Climacograptus (D.) spiniferus
Zone and the overlying 60+ ft to the Geniculograptus
pygmaeus Zone. As shown in Text-figure 8, the evi-
dence from both graptolites and lithofacies indi-
cates that the Utica Shale of northern Ohio has a
physical connection across northwest-central Ohio
with the Sebree Trough succession of dark-brown
to dark-gray shales long identified as the Utica
Shale, hence justifying the latter lithostratigraphic
designation.
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Text-figure 7. Geophysical log, biostratigraphy, and
Trenton Limestone—Utica Shale succession in the
Logan County well. Cores 1—4 refer to core sections
stored at the Ohio Division of Geological Survey
(core no. 645). Conodonts (PI. 1) from the 38-ft-thick
Trenton Limestone are typical of the Amorpho-
gnathus tvaerensis Zone, and graptolites in the lower
25 ft of the Utica Shale include Climacograptus (D.)
spiniferus Ruedemann, the biostratigraphic marker of
the C. (D.) spiniferus Zone. Stratigraphic thicknesses
are according to well-log kept at the Ohio Division of
Geological Survey; in this log, the thickness of the
Utica Shale is given as 383.5 ft, and that of the entire
post-Trenton Limestone, pre-Silurian succession is
calculated to be ~1,000 ft. For explanation of litho-
logic symbols, see legend on Text-figure 2. SP = self-
potential; R = resistivity.
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UTICA SHALE RELATIONS
BETWEEN NEW YORK AND OHIO

The regional relations of the lithic unit referred
to as the Utica Shale in northern Ohio can be sche-
matically illustrated by means of east-west cross
sections based on well and surface sections. The
first such transect to be discussed here extends from
Ohio to east-central New York (Text-figs. 1,8). It
includes surface successions at Canajoharie and
Trenton Falls in New York and two well sections
between Trenton Falls and northern Ohio. Several
additional well sections are available along this
transect, but, because their stratigraphy is very
similar to that in the wells illustrated in Text-figure
8, they are not discussed or illustrated here.

The stratotype area of the Utica Shale is at the
city of Utica, New York (Text-fig. 1), where it con-
sists of ~400 ft of black, graptolite-bearing shale
(Kay, 1953). At Trenton Falls (Text-tig. 1), the thick-
ness of the unit was estimated by Rickard (1973) to
be on the order of 300-400 ft. In both these succes-
sions, the oldest part of the Utica Shale belongs to
the Geniculograptus pygmaeus Zone (Riva, 1969a;
Rickard, 1973) but toward the southeast, the bio-
stratigraphic scope of the unit increases consider-
ably. Hence, in the well-known Canajoharie section
in the Mohawk Valley (Text-fig. 1), a >1,000-ft-thick
succession of the Utica black shales contains diag-
nostic faunas of the Corynoides americanus, Ortho-
graptus ruedemanni, and Climacograptus (D.) spinif-
erus Zones (Riva, 1969a,b; Rickard, 1973; Fisher,
1977). The relations between this expanded sec-
tion of the Utica Shale and that at Trenton Falls are
shown schematically in Text-figure 8 (also see
Mitchell and Bergstrom, 1991).

In wells along an essentially east-west transect
from New York across northern Pennsylvania into
northern Ohio, the Trenton Limestone, of rather
uniform thickness (Bergstrom and Mitchell, in
press), is overlain by a body of dark shales having
very similar lithology and the same stratigraphic
position as the Utica Shale in its type area in New
York (Rickard, 1973, pl. 15) (Text-fig. 8). This litho-
facies appears to form a continuous shale body of
relatively uniform appearance from New York to
Ohio, hence justifying the use of the term Utica
Shale also in northern Ohio.

Lithologically similar rocks, referred to as the
Collingwood Shale (or the Whitby or Blue Moun-
tain Formations) can be traced from New York
northwestward (Text-fig. 8) across southern On-
tario to Georgian Bay and Manitoulin Island (Rus-
sell and Telford, 1983). The graptolite species as-
semblage of this unit (Ruedemann, 1947) includes,
among others, Geniculograptus pygmaeus and G.
typicalis magnificus, indicating the upper G. pyg-
maeus Zone.

As shown diagrammatically in Text-figure 8, we
conclude that the Utica Shale lithofacies can be



































































































































































































































































































































































































































































































