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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
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Gilbert Klapper
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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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Text-figure 3. Stratigraphic column of section 1-35 (Barrick and others, 1990b) showing ranges of conodont
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sample 2E (identified by T. W. Amsden). Base of Haragan placed at sample 2D where conodont biofacies
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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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taxa. Section is natural exposure in a field 0.2 km southeast of section Ca2 of Amsden (1960) and 0.5 km
southeast of section I-35 (NEV4aSEVa sec. 25, T. 2 S., R. 1 E., Springer Quadrangle, Carter County). Lithologic

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,
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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
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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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J. E. Barrick and G. Klapper

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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J. E. Barrick and G. Klapper

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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J. E. Barrick and G. Klapper

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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J. E. Barrick and G. Klapper

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.

16002129,

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
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TABLE 1. — OCCURRENCE OF CONODONT SPECIES IN THE
TRENTON LIMESTONE oF THE LoGAN COUNTY WELL

Samples
Species 90B3-1515 -1516-17 -1518 -1526 -1528 -1539
Amorphognathus tvaerensis Bergstrom ? ? ? ? X —
Belodina compressa (Branson and Mehl) — — — X — X
Dapsilodus mutatus (Branson and Mehl}? X X — X X
Drepanoistodus suberectus (Branson and Mehl) X X X X X
Icriodella superba Rhodes — X — — X —
“Oistodus venustus Stauffer” X X X X — —
Panderodus sp. X X — — X X
Periodon grandis (Ethington) X X — X —
Phragmodus undatus Branson and Mehl X X X X X X
Plectodina sp. — — — — X X
Polyplacognathus ramosus Stauffer — — — X — X
Protopanderodus liripipus Kennedy et al. X — — — — —
Rhodesognathus elegans (Rhodes) X X X — X —

NOTE: Sample numbers are footage levels in the core. The top of the Trenton Limestone is at 1,513.5 ft and the samples
are from the top 25.5 ft of the 38-ft-thick Trenton Limestone. The occurrence of Amorphognathus tvaerensis in sample 1528,
14.5 ft below the top of the Trenton Limestone, indicates the A. tvaerensis Zone. For illustrations of species, see Plate 1.

traced from eastern New York across a very wide
area in the eastern Great Lakes region into the
Michigan Basin and the Sebree Trough in south-
western Ohio and eastern Indiana. This lithofacies
can also be traced northeastward from New York
across the St. Lawrence Lowlands as far as Lake St.
John and Anticosti Island, Quebec (Riva, 1969a).
Graptolite evidence shows that deposition of these
dark-brown to black sediments first started in the
Mohawk Valley, New York (Corynoides americanus
Zone), and somewhat later (Orthograptus ruede-
manni Zone) on Anticosti Island, in the St. Law-
rence Lowlands (Riva, 1969a,1972), and in the
Sebree Trough (Bergstrom and Mitchell, 1990, in
press; Mitchell and Bergstrom, 1991). The greatest
regional extent of this lithofacies in the eastern
Great Lakes region and eastward was during
middle Edenian to middle Maysvillian time (Genic-
ulograptus pygmacus Zone).

UTICA SHALE-MAQUOKETA GROUP
RELATIONS FROM INDIANA TO
THE UPPER MISSISSIPPI VALLEY

Dark-brown to black shales representing a litho-
facies similar to that of the Utica Shale are also
‘widely distributed in the central Midcontinent re-
gion from Indiana and Michigan to the Upper Mis-

sissippi Valley (Gutstadt, 1958, fig. 5). We have
carried out only preliminary biostratigraphic work
on these shales, but the data obtained and the avail-
able literature data can be used for a preliminary
regional comparison. In Text-figure 9 we illustrate
the occurrence of the Utica Shale lithofacies in sec-
tions along a 460-mi transect from the Seneca well
to a well in Rock Island County, westernmost Illi-
nois. In this text-figure, the correlation of the Indi-
ana sections follows Gray (1972) and that of the Illi-
nois sections is based on Kolata and Graese (1983).
The succession in westernmost Illinois is closely
similar to that in eastern Iowa and the lithic units
can be readily traced westward across the Missis-
sippi River. Hence, the Rock Island County strati-
graphic succession in Text-figure 9 is also appli-
cable to eastern lowa.

The pre-Silurian sequence of shales, mudstones,
and limestones above the Trenton Limestone in
Indiana and above the Galena Group in the Upper
Mississippi Valley is now referred to as the Maquo-
keta Group in Indiana and Illinois (Gray, 1972;
Kolata and Graese, 1983) and the Maquoketa For-
mation in lowa and Minnesota (Witzke and Kolata,
1988). Except in the Sebree Trough in southeastern-
most Indiana (Text-fig. 9, section 5), the Maquoketa
Group (Formation) is of Late Ordovician (Cin-
cinnatian) age. As shown in Text-figure 9, the base
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of the Maquoketa Group becomes progressively
younger to the west across Indiana, but detailed
biostratigraphic studies are needed to clarify
whether this is due to a facies relationship with the
underlying Trenton Limestone, or an increasingly
large stratigraphic gap at the base of the Maquoketa
Group. In [llinois and lowa, the base of the Maquo-
keta Group (Formation) is Richmondian in age as
shown by the fact that Glenister (1957) and Webers
(1966) illustrated specimens of Amorphognathus
ordovicicus, the index of the A. ordovicicus Zone,
from the lowermost Maquoketa Formation of lowa
and Minnesota (also see Bergstrom, 1971). This is
somewhat younger than recently published correla-
tions (Sloan, 1987, fig. 2.6; Sweet, 1984,1987) and
reflects new data on, among others, the vertical dis-
tribution of A. superbus, the evolutionary ancestor
of A. ordovicicus, in the Cincinnati region (Izold,
1989). Interestingly, our interpretation of the rela-
tionships between the lower Maquoketa Group
(Formation) and the Cincinnatian standard succes-
sion is closely similar to the interpretation ad-
vocated by many past workers based mainly on
megafossils (e.g., Ladd, 1929; Twenhofel and oth-
ers, 1954). As suggested by faunal evidence and
geophysical log correlation (Text-fig. 9), the shales
in the lowermost Maquoketa Group in Illinois
(Scales Formation), and in the Elgin Member of the
Maquoketa Formation of Iowa, may well have been
deposited during the same transgressive event (the
lower Maquoketa Subcycle of Witzke and Kolata,
1988) as that represented by the early Richmondian
Waynesville Formation in the Cincinnati region.
This interpretation is also supported by the fact that
a conspicuous accumulation of biotite, interpreted
by us as representing a K-bentonite bed, at the 899-
ft level in the Seneca core in Ohio may well corre-
spond to one of the two K-bentonite beds in the
lower Dubuque Formation of lowa recorded by
Levorson and others (1987, p. 33). It also appears
possible to trace the limestone-rich interval of the
Fort Atkinson Formation across Illinois (Kolata and
Graese, 1983) and Indiana (Gray, 1972), into the
middle Richmondian limestones in easternmost
Indiana and Ohio (Text-fig. 9). This correlation is in
good agreement with the distribution of the fossil
faunas.

As shown in Text-figure 9, dark-brown or black
shales similar to the Utica Shale are present in the
basal part of the Maquoketa Shale in subsurface
sections across Indiana. Such shales, in the same
stratigraphic position, are also exposed in the Kent-
land structure, northwestern Indiana, where they
contain two K-bentonite beds (Templeton and Will-
man, 1963, p. 132), which may be the same as those
in the upper Galena Group or the two in the lower
Maquoketa Formation in eastern lowa and Minne-
sota (Sloan, 1987). Shales of the Utica Shale litho-
facies are present locally also in the lower Scales
Formation of Illinois (Kolata and Graese, 1983) and

in the Elgin Member of the Maquoketa Formation
in Iowa (Sloan, 1987; Witzke and Kolata, 1988). Al-
though graptolites are known from these dark
shales at many localities, for instance, the Postville
North section (Sloan and others, 1987, p. 215, fig. 1),
the species recorded are in obvious need of taxo-
nomic reassessment and existing records are of
little, if any, use for detailed regional correlations.
They do suggest, however, that the Illinois-Towa
lower Maquoketa graptolite faunas are younger
than those of the Geniculograptus pygmaeus Zone in
Ohio and elsewhere in the eastern Midcontinent.
Accordingly, it appears that the Utica Shale litho-
facies varies considerably in age from eastern Indi-
ana to the westernmost sections of the transect in
Text-figure 9. That the Ordovician dark shale litho-
facies in the Upper Mississippi Valley is younger
than that in Ohio, Pennsylvania, New York, and
Quebec is also shown by the fact that black shales of
the Maquoketa Formation in eastern Missouri con-
tain graptolites interpreted to represent the Rich-
mondian Dicellograptus complanatus Zone (Berry
and Marshall, 1971).

UTICA SHALE LITHOFACIES IN THE
MICHIGAN-WISCONSIN TRANSECT

In Text-figure 10 we illustrate the development
of the upper Middle Ordovician and the Upper
Ordovician in east-west transect from the Viola
Holman well in the eastern part of the Michigan
Basin to the Illinois Beach State Park well near
the Illinois/Wisconsin border north of Chicago. A
lithologically distinctive, 200-300-ft-thick unit of
dark shale overlying the Trenton Limestone in the
Michigan Basin subsurface is customarily referred
to as the Utica Shale. Both this unit, and the under-
lying Trenton Limestone, are remarkably uniform
in lithofacies and thickness across the Michigan
Basin (Lilienthal, 1978), and there is little doubt that
these units occupy a stratigraphic interval closely
similar to that of the same units in the Viola Hol-
man no. 1 well near Detroit. No graptolites have
been described from the Utica Shale of the Michi-
gan Basin, but regional stratigraphic relations sug-
gest that this unit most likely represents the Genic-
ulograptus pygmaeus Zone. Interestingly, Ruede-
mann and Ehlers (1924) recorded a G. pygmaeus
Zone fauna from blocks of brownish shale near
Newberry, Luce County, northern Michigan (Text-
fig. 1), and a somewhat similar fauna was described
by Berry (1970) from the Haymeadow Creek Shale
at Haymeadow Creek, 10 mi northeast of Rapid
River, Delta County, northern Michigan (Text-fig.
1). Both these graptolite faunas are from localities
just outside the Michigan Basin. Although they are
in need of taxonomic reassessment, the faunal data
at hand do suggest that Utica Shale lithofacies of
middle Cincinnatian age extends into the region
between Lake Michigan and Lake Superior. In Wis-
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consin the Maquoketa Formation has a similar
lithofacies as in Iowa, although Froming (1971) re-
corded as much as 30-40 ft of brown shale in the
Elgin Member in southwestern Wisconsin. Al-
though no modern graptolite data are available
from these rocks, there is little doubt that they are
Richmondian in age.

A comparison between Text-figures 9 and 10
suggests that there is a conspicuous change in the
general stratigraphical development of the interval
under discussion in the [llinois/Indiana and Wis-
consin/Michigan border region. Both east and west
of this area, similar lithic units can be traced over
large regions. We have been unsuccessful in di-

rectly relating this change to any known prominent .

structural feature but it occurs in the western por-
tion of the Kankakee Arch (Collinson and others,
1988, fig. 5). However, the latter strikes WNW-ESE
(Droste and Shaver, 1983, fig. 1), and its influence
on the recognized regional depositional pattern of
the Maquoketa Group is not very obvious and re-
quires further study.

SUMMARY AND CONCLUSIONS

The Utica Shale is geographically one of the
most widely recognized Lower Paleozoic strati-
graphic units in the eastern Midcontinent of North
America, but, surprisingly, its geology has been
little studied, especially outside New York/Que-
bec. The present investigation, which is centered on
the unit in Ohio, is not yet completed, but the fol-
lowing conclusions can be made based on the data
at hand.

1) Graptolites show that the Utica Shale in Ohio
and Indiana ranges from the Orthograptus ruede-
manni Zone to the Geniculograptus pygmaeus Zone,
hence from the late Middle Ordovician to the mid-
Late Ordovician. The stratigraphically most exten-
sive succession is in the Sebree Trough in south-
western Ohio and southeastern Indiana, whereas
the Utica Shale in northern Ohio represents only the

G. pygmaeus Zone, and, locally, the Climacograptus
(D.) spiniferus Zone.

2) The contact between the Utica Shale and un-
derlying Trenton Limestone is apparently discon-
formable over much of the Great Lakes region. In
the Seneca core in northern Ohio, graptolite evi-
dence indicates that this contact is associated with a
substantial gap in the succession corresponding to
the lower Edenian and possibly also to the upper
Mohawkian. Similar gaps may well be present in
other areas, but additional detailed biostratigraphic
investigations are needed to clarify the existence of
such gaps. We have found no clear evidence in sup-
port of the idea that the formation of the hard-
ground at the top of the Trenton Limestone was
associated with a regression and subaerial expo-
sure; rather, we believe it represents a period of
very slow, or interrupted, deposition in a subma-
rine environment experiencing transition from rela-
tively oxygen-rich to oxygen-poor conditions and
increase in water depth. The contact between the
Galena Group and the Maquoketa Group in lowa
and Illinois may reflect similar depositional condi-
tions (Witzke and Kolata, 1988).

3) The dark shales overlying the Trenton Lime-
stone in northern Ohio and in the Michigan Basin
can be considered a western tongue of the type
Utica Shale in New York, and in view of the close
lithologic similarity and lateral continuity of the
shale body between these areas, the use of the
stratigraphic term Utica Shale in Ohio, as well as in
the Michigan Basin, seems appropriate.

4) The Utica Shale in northern Ohio is physically
connected with similar, but partly older, dark
shales in the subsurface Sebree Trough of the Cin-
cinnati region. These shales can be traced south-
ward in the Sebree Trough from the Cincinnati re-
gion across westernmost Kentucky into northwest-
ern Tennessee (Keith, 1989; Bergstrom and Mitchell,
1990).

5) The Utica Shale lithofacies extends in the sub-
surface across much of the Great Lakes region to

Text-figure 9 (opposite page). Comparison of the range of the Utica Shale lithofacies (horizontal ruling) in suc-
cessions along a cross section from northern Ohio {Seneca well) to western lllinois (Rock Island County well).
Sections 1 and 2 are based on Kolata and Graese (1983); 3-5 on Gray (1972); and 6 on Wickstrom and
others (1985). Graptolite data are from studies by the present authors. The reference of the basal Maguoketa
Group to the Amorphognathus ordovicicus Zone in section 1 is based on a projection across the Mississippi
River from eastern lowa, where the stratigraphic succession is closely similar to that in westernmost Illinois.
Brown shales of the Utica Shale lithofacies are present locally in the lower Scales Formation in lllinois (Kolata
and Graese, 1983), but are not known from the Illinois sections illustrated in this text-figure. Note the
diachrony of this lithofacies from Ohio—eastern Indiana to western Indiana and lliinois. Based on this figure,
the Maguoketa Group would correspond to part of the Richmondian of Ohio. The shaly Scales Formation
would reflect the same regional transgression as the Waynesville Formation and associated strata in Ohio.
Additional support for these suggested relationships may be the presence of a stratigraphically quite isolated
K-bentonite bed (B) in the lower Richmondian of the Seneca core, which may correspond to one of the two
locally preserved K-bentonite beds in the lower Dubuque Formation in eastern lowa and Minnesota. For ex-
planation of lithologic symbols, see legend on Text-figure 2. GR = gammaray; R = resistivity; NP = neutron

porosity; Bl = bedding index; LS = limestone content.
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the Upper Mississippi Valley. There appears to be a
significant facies change in the Wisconsin/Michi-
gan and Illinois/Indiana border region where the
Utica Shale lithofacies grades into the dominantly
greenish gray shales and mudstones of the lower
Maquoketa Group. Possibly, there may also be a
facies relationship between the Utica Shale litho-
facies and the limestones of the upper part of the
Galena Group. West of this region, the typical Utica
Shale lithofacies is irregularly distributed in the
lower part of the Maquoketa Group (Formation),
and in most sections it is thin. The Utica Shale litho-
facies occurs also over much of southern Ontario
and is present in outcrops as far north as Georgian
Bay and Manitoulin Island, where it is referred to as
the Collingwood Shale. In these distal parts of its
distribution area, and also in the Upper Mississippi
Valley, it is thin and of late Maysvillian-Richmond-
ian age.

6) Our regional study shows that it is an over-
simplification to consider the Utica Shale a thin
blanket-type deposit laid down during a brief time
interval. Rather, it is a complex mosaic of rocks
with some significant local variations in age and
lithology. However, the main body of this unit can
be traced over literally thousands of square miles
indicating a remarkable horizontal uniformity
in depositional conditions in large areas of the
cratonic interior during a part of Late Ordovician
time. Clearly, without reliable biostratigraphic con-
trol—that has to be based mainly on graptolites—it
would be impossible to unravel many interesting
and important details in the depositional pattern in
the vast Utica sea. This is shown by the fact that
previous attempts to trace these shales regionally
based on lithology (Gutstadt, 1958; Templeton and
Willman, 1963) resulted in some significant corre-
lation errors. Although much additional work is
needed before the regional biostratigraphy of the
Utica Shale is fully clarified, we attempt to summa-
rize its known biostratigraphic extent in some key
areas in Text-figure 11.

7) The environment of deposition of the Utica
Shale lithofacies is still not well understood. In the
Mohawk Valley, New York, it was clearly an anoxic
environment at considerable water depth, perhaps
several hundred feet or more. On the other hand, as
recently described by Johnson and Rong (1989),
dark graptolite-bearing shales were laid down un-
der oxygen-poor conditions locally on Manitoulin
Island, Ontario, as close as 1 ft above the Precam-

brian basement. This suggests that shales of the
Utica Shale lithofacies could also have been depos-
ited in relatively shallow water. Also, it may be sig-
nificant that, in many cases, the Utica Shale litho-
facies is present immediately on the top of Middle
or Upper Ordovician carbonates (Trenton Lime-
stone, Dubuque Formation, etc.), which were prob-
ably deposited in moderately shallow water. The
fact that the age of the base of the Utica Shale suc-
cession shows considerable local and regional
variation is not in good agreement with the inter-
pretation that this lithofacies is present only in
rocks that represent a sudden major transgression
across the eastern Midcontinent. It appears that
these dark shales were not deposited at a specific
water depth, but rather reflect the dominance of
specific environmental conditions, including a sub-
stantial influx of organic material, restricted circula-
tion, and low-energy conditions. Witzke and Kolata
(1988) suggested that the dark shales in the lower
Maquoketa Group in the Upper Mississippi Valley
were deposited in an environment with a stratified
water mass with oxygen-poor phosphate-rich bot-
tom waters.

8) It has been assumed generally that the major
source area of the Utica siliciclastics was the Ta-
conic highlands in the east, although some influx
of clastics might have come also from the Ozark
Dome and the Transcontinental Arch, particularly
in the Upper Mississippi Valley (Witzke and Ko-
lata, 1988). Based on the regional facies relation-
ships, we favor this interpretation for the Great
Lakes region, and in the case of the Sebree Trough,
the Ozark Dome is likely to have been a very sig-
nificant source area (Freeman, 1953, fig. 5). It is also
conceivable that some siliciclastics might have been
transported from the Ouachita basinal area into the
trough by means of trough-parallel currents such as
those envisioned by Cressman (1973, pl. 11).

9) Regionally, the peak of deposition of Utica
Shale and related dark shales in Maysvillian time
coincides with a general transgression over much of
North America, particularly the southern and west-
ern parts of the Midcontinent (Sweet, 1979,1984).
The fact that widespread dark shales similar to the
Utica Shale are also known from the same strati-
graphic interval in northwestern Europe (for in-
stance, the Fjacka Shale in the Baltoscandic region)
might be taken as an indication of a global sea level
change, but much additional evidence from other
continents is required to confirm this.

Text-figure 10 (opposite page). Comparison of the Trenton Limestone—Utica Shale successions along a cross
section across the Michigan Basin. Note lateral continuity of lithic units between sections 2—4 and the con-
spicuous facies change in the Trenton Limestone—Utica Shale interval between sections 1 and 2. This evi-
dently corresponds to the facies change between sections 2 and 4 in Text-figure 9. Section 1 is after Kolata
and Graese (1983); sections 2 and 3, after Lilienthal (1978); and section 4, after Faber (1979). For explana-
tion of lithologic symbols, see legend on Text-figure 2. GR = gamma ray; NP = neutron porosity.
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Text-figure 11. Summary diagram showing biostratigraphic classification of the Utica Shale and associated
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PLATE 1

SEM micrographs of conodonts from the Trenton Limestone of the Logan County well.
Second part of sample number indicates the footage level from which the specimen
was obtained. All specimens are registered and housed in the type collection of the
Orton Geological Museum (OSU) at The Ohio State University.

Figures 1,2.—Protopanderodus liripipus Kennedy et al., lateral views, sample 90B3-1515.
1, x36, OSU 45701. 2, x43, OSU 45702; note that this type of element has a considerably
shorter base than does OSU 45701 (Fig. 1).

Figure 3.—Dapsilodus mutatus (Branson and Mehl)?, lateral view, sample 90B3-1518,
%78, OSU 45703.

Figure 4.—"Oistodus venustus Stauffer,” lateral view, sample 90B3-1518, x110, OSU
45704. This element may possibly belong to the same apparatus as OSU 45703 (Fig. 3);
if this is the case, this apparatus probably should be referred to Besselodus Aldridge,
1982, but the collections are insufficient to evaluate this possibility.

Figures 5,6.—Panderodus sp., lateral views, sample 90B3-1539. 5, x100, OSU 45705. 6,
x90, OSU 45706.

Figures 7-9.—Drepanoistodus suberectus (Branson and Mehl), lateral views, sample
90B3-1518. 7, x30, OSU 45707. 8, %30, OSU 45708. 9, x25, OSU 45709.

Figures 10-13.—Phragmodus undatus Branson and Mehl. 10, lateral view, Pb element,
sample 90B3-1515, x40, OSU 45710. 11, lateral view, Pa element, sample 90B3-1539, x52,
OSU 45711. 12, lateral view, M element, sample 90B3-1539, x55, OSU 45712. 13, lateral
view, Sc element, sample 90B3-1539, x55, OSU 45713.

Figures 14,15.—Icriodella superba Rhodes, upper views, Pa element. 14, sample 90B3-
1528, x45, OSU 45714. 15, sample 90B3-1516-1517, x32, OSU 45715; note that compared
with OSU 45714 (Fig. 14), this is a larger and more robust specimen, indicating that the
lateral expansions on the element became relatively more prominent during the ontog-
eny.

Figures 16,17.—Rhodesognathus elegans (Rhodes). 16, lateral view, Pa element, sample
90B3-1515, x70, OSU 45716. 17, antero-lateral view, Pb element, sample 90B3-1518, x80,
OSU 45717.

Figure 18.—Belodina compressa (Branson and Mehl), lateral view, denticulate rostrate
element, sample 90B3-1539, x100, OSU 45718.

Figures 19-21.—Periodon grandis (Ethington). 19, lateral view, P’ element, sample 90B3-
1518, x70, OSU 45719. 20, lateral view, S element, sample 90B3-1515, x60, OSU 45720.
21, lateral view, M element, sample 90B3-1515, x90, OSU 45721.

Figures 22,23.—Polyplacognathus ramosus Stauffer, stelliform platform element, sample
90B3-1526, x47. 22, lower view, OSU 45722. 23, upper view, OSU 45723.

Figures 24-30.—Amorphognathus tvacrensis Bergstrom, sample 90B3-1528. 24, lateral
view, right Pb element, x45, OSU 45724. 25, lateral view, left Pb element, x45, OSU
45725. 26, lateral view, Sa element, x90, OSU 45726. 27, lateral view, Sd element, x100,
OSU 45727. 28, postero-lateral view, M element, X100, OSU 45728. 29, upper view, pos-
terior portion of Pa element, x48, OSU 45729. 30, upper view, posterior portion of Pa
element, x48, OSU 45730. Note that each of OSU 45729 (Fig. 29) and OSU 45730 (Fig. 30)
has a distinctly bifid posterior process, which is one of the diagnostic features of A.
tvaerensis.
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Stringocephalus (Brachiopoda) from Middle Devonian
(Givetian) Rocks of the Baird Group,
Western Brooks Range, Alaska

Robert B. Blodgett
U.S. Geological Survey, Reston, Virginia

J. Thomas Dutro, Jr.
U.S. Geological Survey, Washington, D.C.

ABSTRACT.—Stringocephalid brachiopods are described for the first time from Middle Devonian
carbonate rocks of the western Brooks Range, Alaska. This large collection, probably representing
a single shell bed, contains a wide range of shell shape and size that permits an analysis of growth
from early maturity to extreme old age. Effects of crowding are also evident. Despite a wide range
in strength and massiveness of internal structures, we interpret all the specimens, save one, as rep-
resenting a single species of Stringocephalus (Stringocephalus). These fossils indicate a Givetian age
for the lower part of the Baird Group as mapped in the De Long Mountains Quadrangle. Co-occur-
ring conodonts suggest a Lower or Middle varcus Subzone age, compatible with the classical inter-
pretation of the age-significance of Stringocephalus. The stringocephalid shell bed probably accu-
mulated very near where these shells lived, on the shoreward side of a reefoid mass on a shaliow,
warm-water carbonate shelf. From a paleobiogeographic point of view, stringocephalids were
widely distributed in the tropical and subtropical Old World Realm, and northwestern Alaska falls
at ~15° north paleo-latitude in the path of the North Equatorial Current, according to the recon-

struction of Heckel and Witzke (1979).

INTRODUCTION

This paper presents the first taxonomic descrip-
tions of stringocephalid brachiopods from Alaska.
Citations to their presence in Alaska are found in
the literature, but no descriptions have been pub-
lished previously. Two localities were noted off the
west coast of Prince of Wales Island, southeastern
Alaska (Kirk, 1927, p. 219-220; Boucot and others,
1966, p. 1360). Two other stringocephalid-bearing
localities were previously recorded from the Brooks
Range of northern Alaska. One is J. B. Mertie’s
“Conchidium” locality (lat 67°58'N., long 149°
25'W.), 50-100 ft below the top of the Skajit Lime-
stone, in the Chandalar Quadrangle of the central
Brooks Range (J. T. Dutro, Jr., in Boucot and others,
1966, p. 1360). The other locality, USGS locality
11925-SD of this paper, is from the southwest end
of Punupkahkroak Mountain, De Long Mountains
A-3 Quadrangle, western Brooks Range. Here was
collected the only previously illustrated specimen
of an Alaskan stringocephalid, a form identified as
“undetermined stringocephalid” (Blodgett and oth-
ers, 1988, figs. 1.7-1.9). Our purpose here is to docu-
ment the entire stringocephalid fauna from Punup-
kahkroak Mountain.
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The described specimens were collected by the
senior author on July 17, 1984, from the west side
of Punupkahkroak Mountain, De Long Mountains
A-3 Quadrangle, western Brooks Range, Alaska, at
four separate localities (Text-fig. 1):

Locality 1.—USGS 11106-SD (84RB118), north
side of topographic saddle at point where rubble
slope intersects saddle at southwest end of Punup-
kahkroak Mountain, NWYvNWVSEY sec. 16, T. 31
N., R. 21 W,, De Long Mountains A-3 Quadrangle
(lat 68°05’03”N., long 163°28’54”"W.). Dark-gray
lime mudstone with common silicified fossils, in-
cluding brachiopods (predominantly stringocepha-
lids), stromatoporoids, solitary rugose corals, and
gastropods.

Locality 2.—USGS 11925-SD (84RB119), south-
west side of same saddle as Locality 1, SW%4NW
SEVs sec. 16, T. 31 N., R. 21 W., De Long Mountains
A-3 Quadrangle (lat 68°05°03”"N., long 163°28’
57”W.). Silicified fossils found in dark-gray lime
mudstone (stringocephalids and solitary rugose
corals).

Locality 3.—USGS 11926-5D (84RB121), abun-
dant silicified stringocephalid brachiopods recov-
ered from talus rubble on northeast side of hill (ele-
vation approximately 2,000-2,050 ft}, 500 ft slightly
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Text-figure 1. Index map showing location of collecting area in the De Long Mountains A-3 Quadrangle,
western Brooks Range, Alaska. Collecting localities: 1 = USGS 11106-SD; 2 = USGS 11925-SD; 3 = USGS
11926-SD; 4 = USGS 11927-8D. Latitude and longitude at corner just west of Locality 2 are 68°05'N.

and 163°30'W.

north of due east of triangulation station Dory, SW'4
SEUNEVWNEY sec. 16, T. 31 N, R. 21 W., De Long
Mountains A-3 Quadrangle (lat 68°0523"N., long
163°28'12"W.).

Locality 4 —USGS 11927-SD (84RB122), silicified
stringocephalid brachiopods and corals weathered-
free and recovered from talus rubble on northwest
side of hill, ~280 ft N.30°W. of triangulation station
Dory, SEANWYNEY sec. 16, T.31 N., R. 21 W, De
Long Mountains A-3 Quadrangle (lat 68°0522"N.,
long 163°28'31"W.).

Age of the Localities

Although there have been some reports of ear-
lier and later occurrences, all verified records of
stringocephalids appear restricted to the Givetian
(late Middle Devonian). Boucot and others (1966)
summarized the biostratigraphic arguments clear-
ly. Johnson and others (1980) discussed the upper
limit of Stringocephalus occurrences and indicated
that the range is limited to the Middle Devonian.
Since about 1980, various decisions of the Devonian
Subcommission on Stratigraphy have had the effect
of moving the Middle-Upper Devonian boundary

higher than had previously been the case (Ziegler
and Klapper, 1982,1985; Ziegler, 1986). Conse-
quently, there is no longer any doubt about the late
Middle Devonian signature of stringocephalid oc-
currences.

Conodonts collected at one of the Alaskan locali-
ties (USGS 11106-SD) include Polygnathus lingui-
formis Hinde and Polygnathus pseudofolintus Witte-
kindt (Anita G. Harris, personal communication,
1985). According to Harris, “Its [P. pseudofoliatus)
co-occurrence with stringocephalid brachiopods
further restricts the age of the sample to the Lower
and Middle varcus Subzones.” In other words, the
age is early Givetian.

The rocks from which these fossils were col-
lected in the De Long Mountains Quadrangle, west-
ern Brooks Range, were mapped by Mayfield and
others (1983) as an unnamed limestone unit in the
lower part of the Baird Group, a dominantly Devo-
nian carbonate sequence that occurs in many places
throughout the western Brooks Range. This unit is
also the age equivalent to the lower part of the
Kugururok Formation as mapped by Mayfield and
others (1988).
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Text-figure 2. Paleogeographic map of the world showing the distribution of stringocephalids plotted on a
base prepared by Heckel and Witzke (1979) for a Middle Devonian paleogeography with expected oceanic

currents indicated.

Distribution and Paleogeography

Most occurrences of the stringocephalid bio-
facies are concentrated in what has been interpreted
by most paleogeographers as tropical or marginal-
subtropical regions during Middle Devonian time.
One of the more useful paleogeographical recon-
structions is that of Heckel and Witzke (1979) who
presentecl several versions of maps of Devonian
geographies. Particularly applicable is their figure
5A, a reconstruction of the Middle Devonian in-
cluding an expected pattern of oceanic circulation.
When stringocephalid localities are plotted on this
base, the latitudinal spread is from about 30°N.
to 35°S. (Text-fig. 2). All distributions can be ac-
counted for by postulating east-west movement of
larvae in the Equatorial Current and its subsidiary
gyres, as positioned by Heckel and Witzke (1979).
The geographic occurrences are taken mostly from
Boucot and others (1966), with additions from the
literature of the past two decades. None of this later
information changes the basic pattern. It is quite
striking that all distributions can be accounted for,
in detail, by the currents as drawn by Heckel and
Witzke (1979). The more southern and northern
occurrences, in northwest Africa and Siberia, re-
spectively, are in the direct paths of branches of the
Equatorial Current called the Western Boundary
Current (WBC). Likewise, splits off the South Equa-
torial Current in North America account for the
widespread distribution in the western Cordillera,
Manitoba, and even Indiana. Australian and east
Asian localities are all in the region swept by the
Subtropical Gyre.

SYSTEMATIC PALEONTOLOGY
Subfamily Stringocephalinae King, 1850

Diagnosis.—"Large genera of Stringocephalidae
with prominent, incurved ventral beak and umbo.
Ventral median septum present; dorsal median sep-
tum present or absent. Stalk-like cardinal process
present. Outer hinge plates prominent, curved,
closely spaced near the midline. Crural plates ab-
sent in known species” (Johnson, 1975, p. 981).

Discussion.—Two genera are assigned to this sub-
family: Stringocephalus Defrance, 1825, and Omolonia
Alekseeva (in Alekseeva and Nuzhdina, 1967). The
former genus was split into two subgenera by Struve
(1965): S. (Stringocephalus) (type species, Terebratula
burtini Defrance, in Blainville, 1825) and S. (Para-
stringocephalus) Struve, 1965 (type species, Strygo-
cephalus dorsalis D’Archiac and De Verneuil, 1842).
The essential differences between the two subgenera
are the presence in the latter of a median sinus in
both valves and a fine, radially striate external orna-
ment. According to Struve (1965), a median sinus is
always absent from the dorsal valve, as is an orna-
ment of fine radial striations, in the former. The
genus Omolonia Alekseeva differs from Stringo-
cephalus, according to Alekseeva (in Alekseeva and
Nuzhdina, 1967), in its lack of a dorsal median sep-
tum, as well as in having a differing form (“mush-
room-like”) of cardinal process. Because of the vari-
ability in the presence or absence of a dorsal me-
dian septum both in these Alaskan stringocephalids
and in comparable Manitoban species, we are not
certain that any real differences exist between



94 R. B. Blodgett and ]J. T. Dutro, Jr.

Stringocephalus (Stringocephalus) and Omolonia. The
problem of the different form of cardinal process
remains unresolved, but judging from the tranverse
serial sections of the type species, Omolonia antiqua
Alekseeva (in Alekseeva and Nuzhdina, 1967, fig.
1), we are uncertain that there are any differences in
the cardinal process. These matters should be pur-
sued further by a study of a larger population of
specimens of the type species of Omolonia.

Genus Stringocephalus Defrance, 1825
Subgenus Stringocephalus (Stringocephalus)
Defrance, 1825

Stringocephalus (Stringocephalus) cf.
S5.(S.) noctua Crickmay, 1968
Plate 1, Figures 1-8; Plate 2, Figures 1-8;
Plate 3, Figures 1-7; Plate 4, Figures 1-6;
Plate 5, Figures 1-8; Plate 6, Figures 1-7

Synonomy.—

cf. Stringocephalus noctua Crickmay, 1968, p. 10, pl.
8, figs. 1~7; pl. 9, figs. 1-8; pl. 14, figs. 6-7; pl. 15,
figs. 1-5; pl. 16, figs. 1-7; pl. 17, figs. 1-4.

cf. Omolonia noctua (Crickmay) Johnson, 1975, pl. 1,
figs. 1-10.

Undetermined stringocephalid Blodgett and others,
1988, p. 47, 49-50, figs. 1.7-1.9.

Description.—Medium- to large-sized, smooth, sub-
globose, ventribiconvex shells; cardinal margin
submegathyrid, lateral margins rounded; ventral
valve two to three times thicker than dorsal valve;
ventral valve outline pyriform, dorsal valve outline
subellipsoidal; ventral valve strongly convex in lat-
eral profile, greatest convexity in umbonal region,
greatest width of ventral valve slightly anterior of
valve midlength; dorsal valve moderately convex,
its greatest width located slightly posterior of valve
midlength; a weak, broad, shallow sulcus is com-
monly developed in the posterior-most (umbonal)
part of dorsal valve; ventral beak slightly incurved,
strongly projecting posteriorly beyond cardinal
margin, beak varying from suberect in young speci-
mens (P1. 3, Fig. 1) to strongly incurved in more
mature specimens (Pl. 1, Fig. 2; P1. 2, Fig. 8); beak
ridges sharp, well defined; pedicle foramen mar-
ginally hypothyrid, rounded; delthyrium subtend-
ing an angle of 60-70°, closed by conjunct deltidial
plates (henidium); anterior commissure seemingly
rectimarginate or weakly sulcate; ornament consists
of only wide-spaced growth lines; punctae not
observed; color patterns, consisting of narrow, con-
centric bands, noted previously in one specimen
(USNM 412325) (Blodgett and others, 1988, figs.
1.7-1.9); ventral interior with strong dental ridges,
teeth prominent, blunt; ventral median septum
arising in umbonal cavity and extending to anterior
commissure as a high, thin blade; dorsal interior
with two large, medially disjunct, curved hinge
plates; strongly curved, distally bifid, cardinal proc-

ess lies between the hinge plates; low, thick, anteri-
orly tapering median septum extends anteriorly
from cardinal process, median septum restricted to
posterior half of valve; in several valves the median
septum is absent; adductor muscle scars moder-
ately impressed, expanding anteriorly; loop un-
known.

Comparison.—In both external and internal charac-
ters, the Alaskan specimens compare most closely
with Stringocephalus noctua Crickmay, 1968, from
the Winnipegosis Formation (“quarry on the west
side of The Narrows . . . also from Salt Point”),
Manitoba. The general similarity of shape is best
made by comparison with the illustrations of Crick-
may’s paratype no. 1 (pl. 15, figs. 1-5), a specimen
which retains external shell material. Both the Alas-
kan and Manitoban forms are characterized by an
unusually strong, posteriorly projecting, incurved
ventral beak, a ventral valve with a pyriform out-
line, and a short, low posteriorly restricted dorsal
median septum, which may or may not be present.
The two forms are also approximately contempo-
raneous, according to conodont evidence. Referring
to conodonts from the Winnipegosis Formation,
Norris and others (1982, p. 37) stated that the “only
highly productive Winnipegosis sample came from
an abandoned quarry just east of the Narrows. . . .
The conodont fauna belongs to the Lower P. varcus
Subzone.” As noted above, the conodonts associ-
ated with the Alaskan specimens suggest a range of
Lower to Middle varcus Subzones (Anita G. Harris,
personal communication, 1985). Johnson (1975) re-
ferred Stringocephalus noctua to the genus Omolonia
Alekseeva with the assumption that it lacked a dor-
sal median septum. However, Crickmay’s illustra-
tions of internal molds and transverse serial sec-
tions show a dorsal median septum to be present,
as does Johnson’s re-illustration of Crickmay’s
paratype 5 (Johnson, 1975, pl. 1, figs. 6,10). Indeed,
Crickmay (1968, p. 10) reported, concerning the
character of the dorsal median septum, “Dorsal
mesial septum, very low in apical vicinity (from
some it is absent), becoming thick in most speci-
mens, low and round in all its length, disappearing
posterior to the centre of disk.” A very similar de-
scription can be applied to the Alaskan material.
Pending acquisition of, and comparison with, an
adequate-sized population of the Manitoban spe-
cies, we cannot confirm the species-level identifica-
tion of the Alaskan material, but we suggest that
the forms are probably closely related, if not con-
specific.

Variability.—Seldom are we fortunate enough,
when dealing with big shells like Stringocephalus, to
make a representative collection of measureable
specimens to address the problem of population
variability. However, in three of these collections
there is a total of 67 specimens, 55 of them from a
single locality.
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Ontogeny of these large species has rarely been
discussed, mainly because poor preservation in
massive carbonate rocks makes collecting whole
specimens difficult, if not impossible. When silici-
fied material is available, the smaller specimens
may be freed from the matrix and examined. The
only comprehensive treatment of shell growth was
by Boucot and others (1966), who showed that
stringocephalid internal morphologic characters are
preserved in the smallest specimens available to
them (3 mm wide). They sorted the growth into two
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Text-figure 3. Length—width plot of measurements of
35 specimens for which both dimensions were mea-
surable (in mm). A = arithmetic mean. Diagonal line
is a regression line, fitted by eye.
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Text-figure 4. Length—thickness plot of measure-
ments of 24 specimens for which both dimensions
were measurable (in mm). A = arithmetic mean.
Diagonal line is a regression line, fitted by eye.

stages which they called “small” and “large.” Their
large stage appears to be defined as beginning at a
width of ~20 mm.

All our Alaskan specimens fall within the
“large” stage of Boucot and others (1966); the small-
est is 34 mm wide and the largest is ~120 mm wide.
Because most of the specimens were collected from
a single bed, we have an opportunity to examine
variability in what almost certainly was a valid
genetic population. Additionally, the overall shape
of the shells reflects the effect of crowding in what
appears to have been the customary environmental
mode for these large shells—shallow-water, near-
reef areas. As was pointed out by both Frost and
Langenheim (1966) and Boucot and others (1966),
these lime-mud shallows were most often on the
landward side of reefoid patches.

The size-range of the Alaskan stringocephalid
population is shown graphically in Text-figures
3-5. The length-width and length—thickness graphs
(Text-figs. 3,4, respectively), as expected from
earlier published general studies of brachiopod
growth (Boucot and others, 1966; Hallam, 1962;
Grinnell and Andrews, 1964; Sutherland and Har-
low, 1973), reflect most accurately the growth vec-
tors of this species.

The greatest length (measured as convex length
along the midline of the ventral valve) partially re-
flects shape modifications due to crowded growth
conditions. This is best shown in Text-figure 5 in
which the convex length is plotted against width.
Other effects of crowding are unusually narrow
shells, skewed and twisted ventral beaks, pinched
umbos, and other shape irregularities that diverge
from normal biconvexity.
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Text-figure 5. Convex-length/width plot of measure-
ments of 35 specimens for which both dimensions
were measurable (in mm). A = arithmetic mean.
Diagonal line is a regression line, fitted by eye.
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Text-figure 6. Histogram showing number of specimens in 10-mm classes for the 39 specimens in which
length could be measured.
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Text-figure 7. Histogram showing number of specimens in 10-mm classes for the 62 specimens in which
width could be measured.
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SPECIMENS IN A GIVEN THICKNESS RANGE

THICKNESS (mm.)

Text-figure 8. Histogram showing number of specimens in 10-mm classes for the 50 specimens in which
thickness could be measured.

SPECIMENS IN A GIVEN CONVEX LENGTH RANGE

40-49 50-59 60-69 70-79 80-89 90-99 100-109 110-119 120-129 130-139 140-149 150-159

CONVEX LENGTH (mm.)

Text-figure 9. Histogram showing number of specimens in 10-mm classes for the 37 specimens in which
convex-length could be measured. Specimens with CL = 185 and 214 are not plotted.
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Another way to show graphically the nature of
this population is by the use of histograms (Text-
figs. 6-9). Mixoperipheral growth is clearly indi-
cated by the length and width histograms (Text-
figs. 6,7, respectively). The greatest number of
specimens fall in the 60-69 mm class for both width
and length. The mathematically average shell
would be 66 mm long, 63 mm wide, 42 mm thick
and would have a convex length of ~95 mm. Of
course, there is no such shell in the collections, but
the nearest one, selected as most typical (USNM
455576, P1. 1, Figs. 7,8} is 64 mm long, 68 mm wide,
38 mm thick, and 87 mm in convex length. The con-
vex-length changes shown in Text-figure 9 are
characteristic of growth of biconvex shells in which
curvature is approximately exponential.

Material —A total of 67 specimens from three local-
ities, many partial; all but two specimens have at
least two of the four dimensions measureable.

Hlustrated specimens.—USNM 455575, 455576,
455577, 455578, 455579, 455580 (all articulated speci-
mens); USNM 455582, 455583 (ventral interiors);
USNM 455584 (dorsal interior); USNM 455585,
455586, 455587, 455588 (all dorsal valves); and
USNM 455589 (cardinal process).

Measured specimens.—All used in the construction
of Text-figures 3-9; USNM 455590 through 455648.

Subfamily Geranocephalinae Johnson, 1975

Diagnosis.—"Relatively small- to medium-sized
Stringocephalidae with ventral beak commonly
straight or nearly straight, lacking a prominent ven-
tral umbo. Median septum absent from both valves.
Cardinal process short, stalk-like, bifid at its base
and attached to subhorizontal outer hinge plates.
Crural plates present or absent” (Johnson, 1975, p.
981).

Discussion.—Two genera were recognized by John-
son (1975) as belonging to this subfamily: Gerano-
cephalus Crickmay (including its junior subjective
synonyms Acrothyris Hou and Conomimus Johnson,
Boucot, and Gronberg) and Paracrothyris Wu. The
major difference between the two genera is the
presence of crural plates in the latter. Struve (1965)
proposed that Geranocephalus be separated into two
separate subgenera: G. (Geranocephalus) Crickmay
and G. (Stringomimus) Struve, 1965. The type spe-
cies of the latter subgenus is G. (S.) pseudopaedicus
Struve, 1965, from the Givetian of the Eifel district
of Germany. The primary differences between the
two subgenera seem to be the presence of a distally
broadened, bifid cardinal process in the former, and
the presence of a slender, distally narrow, unforked
cardinal process in the latter.

Genus Geranocephalus Crickmay, 1954

Type species.—Geranocephalus inopinus Crickmay,

1954, from the Givetian of Redfern Lake, British
Columbia.

Geranocephalus? sp.
Plate 3, Figures 8-11

Description.—Medjum-sized smooth shell; moder-
ately dorsibiconvex, dorsal valve slightly thicker
than ventral valve; shell outline subellipsoidal; both
valves considerably broader than long; ventral
valve moderately arched in lateral profile, dorsal
valve strongly arched; ventral beak suberect, ven-
tral interarea large, nearly straight, pedicle foramen
prominent, situated submedially in deltidium, the
character of the latter uncertain due to coarse silici-
fication; anterior commissure broadly sulcate, ante-
rior deflection low, broad and evenly arched.

Discussion.—A single articulated stringocephalid
shell from Locality 3 (USGS locality 11926-SD) con-
forms very closely to the generalized concept of the
subfamily Geranocephalinae in lacking an inflated,
prominent umbo and in possessing a nearly
straight ventral beak. No other stringocephalid in
the examined Alaskan material closely compares to
this shell in form. This shell is assigned question-
ably to the genus Geranocephalus Crickmay. Because
nothing is known of its internal characters, it might
also be assigned to the other genus in the subfam-
ily, Paracrothyris Wu, but the latter assignment is
deemed unlikely because representatives of that
genus are unknown from Canada, Alaska, or the
Soviet Arctic, although known in Nevada (Johnson,
1975).

Material —One specimen from Locality 3 (USGS
locality 11926-SD).

Hlustrated specimen.—USNM 455581.
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PLATE 1
Stringocephalus (Stringocephalus)

All specimens are deposited in the National Museum of Natural History (USNM).

Figures 1-8.—Stringocephalus (Stringocephalus) cf. S. (S.) noctua Crickmay, 1968,
USGS locality 11926-SD. 1-6, posterior, left-lateral, ventral, dorsal, right-lateral,
and anterior views of articulated specimen (x1) (USNM 455575). 7,8, left-lateral
and posterior views of articulated specimen (x1) (USNM 455576).
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PLATE 2
Stringocephalus (Stringocephalus)

All specimens are deposited in the National Museum of Natural History (USNM).

Figures 1-8.—Stringocephalus (Stringocephalus) cf. S. (S.) noctua Crickmay, 1968,
USGS locality 11926-SD. 1-5, posterior, ventral, right-lateral, dorsal views (x1) and
enlarged dorsal view (x2) to show ventral interarea of articulated specimen
(USNM 455577). 6-8, posterior, dorsal, and left-lateral views of articulated speci-
men (x1) (USNM 455578).
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PLATE 3

Stringocephalus (Stringocephalus), Geranocephalus?
All specimens are deposited in the National Museum of Natural History (USNM).

Figures 1-7.—Stringocephalus (Stringocephalus) cf. S. (S.) noctua Crickmay, 1968,
USGS locality 11926-SD. 1-3, left-lateral and dorsal views (x1), and enlarged view
of ventral interarea (x2), of articulated specimen (USNM 455579). 4-7, posterior,
left-lateral, ventral, and dorsal views of articulated specimen (x1) (USNM 455580).

Figures 8-11.—Geranocephalus? sp., USGS locality 11926-SD. 8-11, left-lateral, pos-
terior, dorsal, and ventral views of articulated specimen (x1) (USNM 455581).
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PLATE 4
Stringocephalus (Stringocephalus)

All specimens are deposited in the National Museum of Natural History (USNM).

Figures 1-6.—Stringocephalus (Stringocephalus) cf. S. (S.) noctua Crickmay, 1968,
USGS locality 11926-SD. 1, interior view of ventral valve (x1) (USNM 455582).
2, interior view of ventral valve (x1) (USNM 455583). 3-6, interior, left-lateral, pos-
terior, and oblique posterior (cardinal process oriented parallel to viewing plane)
views (x1.5) (USNM 455584).
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PLATE 5
Stringocephalus (Stringocephalus)

All specimens are deposited in the National Museum of Natural History (USNM).

Figures 1-8.—Stringocephalus (Stringocephalus) cf. S. (S.) noctua Crickmay, 1968,
USGS locality 11926-SD. 1-4, interior, oblique interior, exterior, and posterior
views of dorsal valve (x1.5) (USNM 455585). 5-8, interior, oblique interior, exterior
and posterior views of dorsal valve (x1.5) (USNM 455586).
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PLATE 6
Stringocephalus (Stringocephalus)

All specimens are deposited in the National Museum of Natural History (USNM).

Figures 1-7.—Stringocephalus (Stringocephalus) cf. S. (S.) noctua Crickmay, 1968,
USGS locality 11106-SD. 1,2, posterior and anterior views of incomplete dorsal
valve (x3) (USNM 455587). 3-5, interior, oblique interior, and posterior views of
dorsal valve (x2) (USNM 455588). 6,7, posterior and anterior views of cardinal
process (x1.5) (USNM 455589).
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New Information on Latest Ordovician to Earliest Silurian
Solitary Rugose Corals of the East-Central United States

Robert J. Elias

University of Manitoba

ABSTRACT.—New information on latest Ordovician to earliest Silurian solitary Rugosa of the east-
central United States is of biostratigraphic, paleoecologic, and palecenvironmental significance.
The distribution of these corals indicates an age of early Early Llandoverian for the youngest strata
of the Keel Formation in south-central Oklahoma. Basal beds of the Cochrane Formation, which
overlies the Keel, are evidently diachronous, ranging in age from early Early Llandoverian to late
Early or younger Llandoverian. In west-central Illinois and northeastern Missouri, solitary corals
indicate that the Bowling Green Dolomite is a discrete unit that is younger than the Noix Limestone
and Bryant Knob Formation and the Cyrene Formation, which is a lateral facies equivalent of the
Noix-Bryant Knob. In northeastern Illinois, Streptelasma subregqulare occurs beneath a bed contain-
ing Early Llandoverian graptolites in the Schweizer Member of the Wilhelmi Formation. That coral
has a range of Gamachian to early Early Llandoverian, and it remains a possibility that Schweizer
strata below the position of the graptolite bed are Gamachian in age. Coralla of S. subregulare are
abundant on several beds immediately above stromatolites in the basal Wilhelmi at one locality,
suggesting that the species could live in very shallow water and thrived when normal marine
conditions appeared during the latest Ordovician—-earliest Silurian transgression that brought sea-
water over the eroded surface of the underlying Maquoketa Group. Directional orientations of
those coralla indicate currents from the south and possibly southwest. Data from the Mosalem
Formation in northwestern Illinois and eastern lowa confirm that solitary rugose corals of the
Edgewood and Silurian assemblages do not co-occur and that the Edgewood assemblage was

succeeded by the Silurian assemblage.

INTRODUCTION

The results of a comprehensive, long-term study
of latest Ordovician to earliest Silurian solitary ru-
gose corals of the east-central United States were re-
cently presented by McAuley and Elias (1990). It
was recognized that an Edgewood assemblage of
Gamachian (latest Ordovician) to early Early Llan-
doverian (earliest Silurian) age was succeeded by a
Silurian assemblage in the late Early Llandoverian.
The Streptelasma-dominated Edgewood assemblage
occurs in six outcrop areas and represents the Edge-
wood Solitary Rugose Coral Province (Text-fig. 1).
Streptelasma subregulare (Savage, 1913) is by far the
most common and widely distributed species in the
province. The Edgewood assemblage existed dur-
ing a regressive phase corresponding to the Late
Ordovician glacial maximum and the early stage of
a transgressive phase caused by subsequent degla-
ciation. As water depth and temperature increased
during the Early Llandoverian, the Silurian assem-
blage, characterized by Rhegmaphyllum sp., Dino-
phyllum sp., Dalmanophyllum sp., and Cyathactis?
sp., succeeded the Edgewood assemblage, possibly
after a minor regressive event.

In 1990, Dr. Graham A. Young (University of
Manitoba} and I began a comparable study of latest

Ordovician to earliest Silurian colonial corals of the
east-central United States. A number of solitary
rugosan coralla found during our field work pro-
vide information additional to that presented by
McAuley and Elias (1990). The specimens are from
south-central Oklahoma, west-central Illinois and
northeastern Missouri, northeastern Illinois, and
northwestern Illinois and eastern lowa (Text-fig. 1).
The purpose of this paper is to present the new data
and consider their paleontologic and geologic sig-
nificance. The taxa identified herein were treated
systematically by McAuley and Elias (1990). Speci-
mens are deposited in the National Museum of
Natural History (USNM; Smithsonian Institution,
Washington, D.C.).

SOUTH-CENTRAL OKLAHOMA

The Keel Formation is overlain unconformably
by the Cochrane Formation (Text-fig. 2), and there
is evidence of pre-Cochrane lithification and ero-
sion (Amsden, 1960, p. 43, 49; 1963, p. 631, 633, pl. 2,
figs. 1,2; 1986, p. 6). The Keel is mainly Gamachian
(Hirnantian) in age (Amsden, 1971, p- 22, fig. 1;
1974, p. 26; 1986, p. 18; Barrick, 1986, p- 64, 66;
McAuley and Elias, 1990, p. 25). Those strata con-
tain solitary rugose corals of the Edgewood assem-
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blage (McAuley and Elias, 1990, fig. 2). Beds at the
top of the Keel Formation immediately above the
laminated calcilutite unit at two localities including
section 24 (Coal Creek) yield a conodont fauna dif-
ferent from that in the lower Keel but almost iden-
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Text-figure 1. Index map showing study region in
east-central United States, and detail map show-
ing outcrop areas (outlined) of latest Ordovician and
earliest Silurian strata within the Edgewood Solitary
Rugose Coral Province: A, south-central Oklahoma;
B, western north-central Arkansas; C, southern llli-
nois and southeastern Missouri; D, west-central llli-
nois and northeastern Missouri; E, northeastern llli-
nois; F, northwestern lllinois and eastern lowa. For
detail maps and stratigraphic sections in those areas,
see McAuley and Elias (1990, figs. 2-5,7,8). The four
areas studied herein are stippled, and detail maps
and stratigraphic sections are provided in Text-fig-
ures 2—4,6.

R.]. Elias

tical to that in the overlying Cochrane Formation
(Barrick, 1986, secs. P9, J1, p. 57, fig. 39, tables 4,5).
This upper Keel fauna has been considered Llan-
doverian (position uncertain) in age (Barrick, 1986,
p. 67). Brachiopods have not been obtained from
those strata (Amsden, 1988, p. 17), and solitary ru-
gose corals had not been found prior to the speci-
mens documented in the present study.

The brachiopod Triplesia alata Ulrich and Coo-
per, 1936, apparently ranges through most of the
Cochrane Formation (Amsden, 1971a, p. 145).
Amsden (1986, p. 6) considered it to indicate an
early Late Llandoverian (Ci_;) age, although he
noted that it could be younger or older. Conodonts
in the basal part of the Cochrane at section 21 (Rock
Crossing), section 23 (Lawrence Quarry), and else-
where are Llandoverian (position uncertain) ac-
cording to Barrick (1986, secs. Call, AQL, p. 57, 64,
67, fig. 39, tables 3,6). Conodont species of the late
Late Llandoverian (Cs) Pterospathodus celloni Zone
occur in the uppermost Cochrane (Barrick and
Klapper, 1976, p. 66; Barrick, 1986, p. 64, 67; 1988, p.
54). Amsden (1988, p. 5) placed the Cochrane in the
Late Llandoverian (C), but noted that “these strata
are not abundantly fossiliferous, and in a region
where diachroneity is common, some part of the
Llandoverian A or B units may be represented.”
Previously, a single specimen of Cyathactis? sp.
from section 23 (Lawrence Quarry) was the only
solitary rugose coral known from the basal Coch-
rane (McAuley and Elias, 1990, fig. 2). It represents
the Sjlurian assemblage.

New Information

Two specimens of Streptelasma subregulare were
found in the 15-cm-thick upper oolitic unit of the
Keel Formation above the laminated calcilutite unit
at section 24 (Coal Creek) (Text-fig. 2, interval 24-3).
One is from the base of the unit (USNM 458198; PL.
1, Fig. 1) and the other is from 8 cm above the base
(USNM 458199; PL. 1, Fig. 2). Septal grooves and
interseptal ridges were removed from the walls of
both coralla prior to burial; this is attributed to abra-
sion. Micritization of the exterior surfaces is attrib-
uted to the activity of algae.

Four specimens of Streptelasma subregulare were
obtained from a single hand sample taken 10 cm
above the base of the Cochrane Formation at sec-
tion 21 (Rock Crossing) (USNM 458200-458203;
PL 1, Figs. 3-5; Text-fig. 2, interval 21-2). Scattered
grains of glauconite in the matrix are characteristic
of the Cochrane. The coralla show effects of fractur-
ing and pressure solution, but part of the exterior of
one specimen is well preserved (USNM 458201).
Septal grooves and interseptal ridges are present,
indicating that it was not abraded prior to burial.

A corallum of Dalmanophyllum sp. is identified
from the basal 1 m of the Cochrane Formation at
section 35 (Henry House Falls) (USNM 458216;
Pl. 1, Fig. 12; Text-fig. 2, interval 35-1).
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Text-figure 2. Locality map in south-central Oklahoma (see Text-fig. 1) and stratigraphic sections (to scale;
legend of symbols is shown in larger box; collecting intervals are numbered; B. = Brevilamnulella). For ref-
erences and precise locations of sections, see Appendix.

Paleoenvironmental Significance

Virtually all solitary rugosan coralla known pre-
viously from the Keel Formation are nonabraded
(McAuley and Elias, 1990, table 2). The abraded
specimens of Streptelasma subregulare in the upper
oolitic unit at section 24 (Coal Creek) suggest par-
ticularly high energy conditions and /or low sedi-
mentation rates during deposition of that unit (see
McAuley and Elias, 1990, p. 29). Micritization of the
exterior surfaces of these coralla indicates exposure
prior to burial. Streptelasma amsdeni McAuley and
Elias, 1990, is the only solitary rugose coral in the
Keel beneath the upper oolitic unit at section 24,
and is known only from that locality. It is abundant
in the larinated calcilutite unit, which was evi-
dently deposited in lower energy conditions than
other facies of the Keel (Amsden, 1986, p. 12, 13, 43).
Streptelasma subregulare occurs in the Keel Forma-
tion at other localities (McAuley and Elias, 1990, fig.
2; Text-fig. 2).

The nonabraded condition of a corallum of Strep-
telasma subregulare in the Cochrane Formation at

section 21 (Rock Crossing) indicates that it did not
undergo significant transportation prior to burial.

Biostratigraphic Significance

Streptelasma subregulare is characteristic of the
Edgewood assemblage, and has a range of Ga-
machian to early Early Llandoverian (McAuley and
Elias, 1990, p. 24-26, tig. 10). Its presence in the up-
per oolitic unit of the Keel Formation at section 24
(Coal Creek) and the basal Cochrane Formation at
section 21 (Rock Crossing), in association with a
Llandoverian (position uncertain) conodont fauna,
suggests that those strata are early Early Llando-
verian in age. Cyathactis? sp., in association with the
Llandoverian (position uncertain) conodont fauna,
and Dalmanophyllum sp. occur in the basal Coch-
rane at section 23 (Lawrence Quarry) and section 35
(Henry House Falls), respectively. They represent
the Silurian assemblage and suggest that those
strata are younger than early Early Llandoverian.

The new data on solitary rugose corals indicate
an age of early Early Llandoverian for the youngest
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strata of the Keel Formation. Basal strata of the
Cochrane Formation are apparently diachronous,
ranging in age from early Early Llandoverian to late
Early or younger Llandoverian. If there was a hia-
tus between deposition of the youngest Keel and
oldest Cochrane strata, it was of short duration.

WEST-CENTRAL ILLINOIS AND
NORTHEASTERN MISSOURI

In northeastern Missouri near the Mississippi
River, in the vicinity of Louisiana and Clarksville
(for locations see Text-fig. 3), the complete Gamach-
ian—Early Llandoverian sequence comprises the fol-
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Text-figure 3. Locality map in west-central lllinois and
northeastern Missouri (see Text-fig. 1) and strati-
graphic sections (to scale; see Text-fig. 2 for legend
of symbols; collecting intervals are numbered). For
references and precise locations of sections, see
Appendix.
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lowing units in ascending stratigraphic order: Noix
Limestone, unnamed member and Kissenger Lime-
stone Member of the Bryant Knob Formation, and
Bowling Green Dolomite (McAuley and Elias, 1990,
p- 12, 14-16, fig. 5). Solitary rugose corals are rare in
the Noix but common and widespread in the Bry-
ant Knob. They represent the Edgewood assem-
blage. Solitary Rugosa in the Bowling Green at
Clarksville, the only section from which they were
previously documented, represent the Silurian as-
semblage. The Noix is Gamachian, the Bryant Knob
is tentatively considered to be Early Llandoverian
in age, and the Bowling Green is Early Llandove-
rian (McAuley and Elias, 1990, p. 25, 26). Across the
Mississippi River in west-central Illinois, the Bryant
Knob is apparently absent, and the Bowling Green
is underlain by the Noix and overlain by the Kan-
kakee Formation (Brassfield or Sexton Creek Lime-
stone of some authors; see Willman, 1973, p. 16).
McAuley and Elias (1990) did not study those
strata. In the vicinity of Bowling Green and Edge-
wood, Missouri (for locations see Text-fig. 3), the
Cyrene Formation, which is considered to be a fa-
cies equivalent of the combined Noix and Bryant
Knob, is overlain by the Bowling Green. Solitary
rugose corals of the Cyrene were documented by
McAuley and Elias (1990) from section 13 (Bowling
Green) and near Edgewood. They represent the
Edgewood assemblage.

Amsden (1974, p. 16-18, figs. 12-14; 1986, p. 36,
37, fig. 34) considered two hypotheses for the rela-
tionship between the Cyrene-Noix-Bryant Knob
and the Bowling Green. One is that the Bowling
Green is a distinct lithostratigraphic unit that is
younger than the other units, as inferred by
Thompson and Satterfield (1975, p. 103). The other
is that Cyrene-Noix-Bryant Knob strata grade lat-
erally and vertically into the dolomitized Bowling
Green facies. On the basis of the distribution of soli-
tary rugose corals and the nature of contacts be-
tween units, McAuley and Elias (1990, p. 15, 16)
concluded that the Bowling Green is a discrete,
younger unit.

New Information

Solitary rugosan coralla were found in the Bowl-
ing Green Dolomite at section 36 (Indian Creek)
in Illinois (Text-fig. 3). Dinophyllum sp. (USNM
458215; P1. 1, Fig. 11) and Cyathactis? sp. (USNM
458219; P1. 1, Fig. 15) were obtained in rubble from
the basal 1 m of the unit (interval 36-1a), and a co-
rallum identified as Dalmanophyllum sp. (USNM
458217; P1. 1, Fig. 13) was collected 1.6 m below the
top of the Bowling Green (in interval 36-1).

A specimen of Streptelasma subregulare collected
from the Cyrene Formation at section 13 (Bowling
Green) extends the range of that species down to a
position 90 cm above the base of the unit (USNM
458204; 1. 1, Fig. 6; Text-fig. 3, interval 13-1). Strep-
telasma subregulare was also found in rubble of the
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Cyrene at section 38 (Buckner Hollow) (USNM
458205; P1. 1, Fig. 7; for location see Text-fig. 3).

Biostratigraphic Significance

At section 36 (Indian Creek), Rubey (1952, p. 27)
noted that the contact between the Noix Limestone
and Bowling Green Dolomite is “undulatory and
suggests an unconformity.” However, Amsden
(1974, p. 85) found that ooids cross this boundary
and occur in the lower few centimeters of the Bowl-
ing Green. If basal Bowling Green strata at this lo-
cality are the dolomitized equivalent of the upper
Noix-Bryant Knob Formation recognized across
the Mississippi River in Missouri, then solitary ru-
gose corals of the Edgewood assemblage would be
expected (Edgewood corals occur in limestone as
well as dolomitic beds of the Bryant Knob). How-
ever, coralla in the basal strata and higher in the
Bowling Green represent the Silurian assemblage,
as at the Clarksville section. This provides addi-
tional support for the interpretation that the Bowl-
ing Green is a distinct unit that is younger than the
Bryant Knob.

Streptelasma subregulare, a characteristic species
of the Edgewood assemblage, remains the only soli-
tary rugose coral known from the Cyrene Forma-
tion. This provides additional support for the inter-
pretation that the Cyrene is a facies equivalent of
the Noix-Bryant Knob and is distinct from the
Bowling Green Dolomite.

NORTHEASTERN ILLINOIS

The Wilhelmi Formation is as much as 30 m
thick where it fills or nearly fills channels eroded
into the underlying Maquoketa Group, but it is thin
or absent elsewhere in the area (Willman, 1973, p.
12-14). The lower unit of the Wilhelmi, the Schwei-
zer Member, is as much as 24 m thick but is gener-
ally present only where the formation is relatively
thick. The upper unit is the Birds Member. Strep-
telasma subregulare, the only solitary rugose coral
known from the Schweizer and Birds, represents
the Edgewood assemblage (McAuley and Elias,
1990, p. 20, fig. 7). Biostratigraphically significant
Early Llandoverian graptolites have been obtained
from a bed in the Schweizer Member at section 4
(Schweizer West) (Text-fig. 4; Ross, 1962; Berry and
Boucot, 1970, p. 145). The Wilhelmi is considered to
be early Early Llandoverian in age. However, it is
possible that lower Schweizer strata infilling the
deepest channels, below the position of the grapto-
lite bed, are Gamachian (McAuley and Elias, 1990,
p- 21, 25).

All identifiable solitary rugose corals obtained
previously at section 4 (Schweizer West) were from
uncertain positions within a 3-m interval that in-
cludes the graptolite bed (position of graptolite bed
based on Ross, 1962, fig. 1; McAuley and Elias,
1990, fig. 7; Text-fig. 4, interval 4-1). At section 29
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(Sears Pit), coralla were thought to be uncommon a
short distance above the base of the Wilhelmi For-
mation (interval 29-1).

New Information

In the Schweizer Member of the Wilhelmi For-
mation at section 4 (Schweizer West), a specimen of
Streptelasma subregulare was found in interval 4-1a
(USNM 458206; P1. 1, Fig. 8; Text-fig. 4). Beside it
was another corallum that has an epizoic bryozoan
on one side (USNM 458213, probably S. subregu-
lare). Streptelasma subregulare was also found in in-
terval 4-1c, and that corallum has Trypanites bor-
ings in the wall (USNM 458207; P1. 1, Fig. 9). In the
quarry at section 29 (Sears Pit), strata exposed in a
new sump were found to contain abundant coralla
of 5. subregulare on several beds 25-30 cm above the
base of the Wilhelmi (USNM 458208, slab with 18
coralla; Text-fig. 4, interval 29-1). Domical stromato-
lites occur in the basal 20-25 cm of the Wilhelmi at
that section.
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Biostratigraphic Significance

The identification of Streptelasma subregulare in
interval 4-1a at section 4 (Schweizer West) confirms
that the species occurs beneath the bed containing
Early Llandoverian graptolites in the Schweizer
Member of the Wilhelmi Formation (Text-fig. 4).
Streptelasma subregulare has a range of Gamachian
to early Early Llandoverian, and it remains a pos-
sibility that Schweizer strata infilling the deepest
channels, below the position of the graptolite bed,
are Gamachian in age (McAuley and Elias, 1990, p.
21, 25).

Paleoecologic Significance

The epizoic bryozoan and Trypanites borings
observed in specimens from the Schweizer Member
are noteworthy. Epizoans had not been found pre-
viously on solitary coralla from the Wilhelmi For-
mation and are rare in the Edgewood Province ex-
cept in bioherms of the Leemon Formation at one
locality in southeastern Missouri (McAuley and
Elias, 1990, p. 30). Trypanites borings had not been
observed previously in Edgewood coralla from Illi-
nois and are extremely rare in the Edgewood Prov-
ince (McAuley and Elias, 1990, p. 30).

The abundant coralla of Streptelasma subregulare
observed on several beds 25-30 cm above the base
of the Wilhelmi Formation at section 29 (Sears Pit)
are trochoid in form and oriented sideways in what
would have been stable depositional positions after
being overturned. It was possible to measure a suf-
ficiently large number of directional orientations
(Text-fig. 5) to permit statistical analysis using the
methods of Elias and others (1987, p. 808). The
coralla are preferentially oriented and the distribu-
tion is bimodal, with anomalous maxima at 60-80°
and 280-300°, and anomalous minima at 140-160°
and 180-220°. The maxima are opposite one an-
other but skewed slightly toward the north, and
the minima are in the south. Such a distribution
indicates that the coralla were rolled almost per-
pendicular to water flow or nearly parallel to wave
crests, with the apical end facing either way but
directed slightly into currents from the south (see
Elias and others, 1987, p. 810). Peaks at 120-140°
and 340-360° are not statistically significant, but it is
noteworthy that they are of similar magnitude and
are opposite one another but skewed slightly to-
ward the northeast. They may represent a group of
coralla that was preferentially oriented by currents
from the southwest. A bimodal distribution with
maxima that are opposite one another but skewed
slightly has been documented for ceratoid coralla
of Streptelasma subregulare in the Bryant Knob For-
mation at Louisiana in northeastern Missouri (Elias
and others, 1987, p. 810, fig. 1f; McAuley and Elias,
1990, p. 31, fig. 12b).

At section 29 (Sears Pit), the presence of horn
coral beds immediately above stromatolites in the
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Text-figure 5. Rose diagram showing directional ori-
entations of coralla (N = sample size): Streptelasma
subregulare, interval 29-1, Wilhelmi Formation, sec-
tion 29 (Sears Pit) (see Text-fig. 4). Orientation con-
vention is illustrated using the north arrow and a typi-
cal specimen (to scale).

basal Wilhelmi Formation suggests that Strepte-
lasma subregulare could live in very shallow water
and thrived when normal marine conditions ap-
peared during the transgression that brought sea-
water over the eroded surface of the Maquoketa
Group.

NORTHWESTERN ILLINOIS
AND EASTERN IOWA

The Mosalem Formation is as much as 30 m
thick where it fills channels eroded into the under-
lying Maquoketa Group, but thins to a feather edge
above paleotopographic highs (Willman, 1973, p.
31-33). From section 26 (Bellevue) northward (for
location see Text-fig. 6), the Mosalem is overlain by
the Tete des Morts Formation, which in turn is
overlain by the Blanding Formation. South of sec-
tion 26, the Blanding lies directly on the Mosalem
(see McAuley and Elias, 1990, fig. 8). The upper
surface of the Mosalem appears to be conformable
throughout the area. Willman (1973, p. 27, 32, fig. 7)
noted that Lower Silurian strata, including the
Mosalem, thin markedly over the Savanna Anti-
cline, an E-trending structure situated just south of
Savanna, Illinois (for location see Text-fig. 6).

In the lower level of the quarry at section 32
(Thomson East), 3.8 m of thick-bedded to massive
argillaceous dolostone (interval 32-1) are overlain
by a massive, 65-cm-thick bed of argillaceous dolo-
stone that is vuggy in the upper 25 cm (interval 32-
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2) (Text-fig. 6; McAuley and Elias, 1990, fig. 8). The
top of the latter bed forms the floor of the upper
level of the quarry. Strata in the upper level were
examined during the present study, and clearly
represent a distinct lithostratigraphic unit consist-
ing of relatively thin-bedded dolostone. Beds of
chert appear ~1.5 m above the base and have a ver-
tical spacing of ~1 m. The frequency of chert beds
increases upward until spacing varies from centi-
meters to tens of centimeters. As defined by Will-
man (1973, p. 31-33, 35, 36), the Mosalem does not
contain layers of chert, whereas the Blanding is
characterized by many chert layers. Therefore, the
Mosalem-Blanding contact is placed at the top of
interval 32-2. The same stratigraphic sequence is
exposed in a quarry located 2.3 km to the north-
west, and was illustrated by McAuley and Elias
(1990, fig. 8, sec. 30), who placed the Mosalem-—
Blanding contact at the lowest position of closely
spaced chert beds. Based on a reexamination of that
section in light of further study at section 32, the
contact is herein placed at a lower position, at the
top of the 65-cm-thick bed of argillaceous dolostone
that is vuggy in the upper 25 cm (McAuley and
Elias, 1990, fig. 8, sec. 30, top of interval 30-2).

At section 32 (Thomson East), the characteristic
Edgewood coral Streptelasma subregulare occurs in

the fill of small channels and in a coral bed that is
lateral to the channels, which cut down from a po-
sition 80 cm above the base of the Mosalem expo-
sure (Text-fig. 6, interval 32-1; McAuley and Elias,
1990, p. 22, fig. 8, interval 32-1z,a,b). Streptelasma
subregulare has been reported at the same strati-
graphic position in a section ~2.3 km northwest of
section 32 (Savage, 1926, p. 527, sec. along Johnson
Creek, unit 3 is the Mosalem). All identifiable soli-
tary corals collected above the position of S. sub-
regulare at section 32 represent the Silurian assem-
blage (Text-fig. 6; McAuley and Elias, 1990, p. 22,
tig. 8, intervals 32-1c, 32-2a,b). Dalmanophyllum sp.
occurs at heights of 2.2 and 3.75 m above the base of
the exposure (in interval 32-1). Rhegmaphyllum sp. is
present at 3.95 m and Dinophyllum sp. was recov-
ered between 3.95 and 4.45 m (in interval 32-2). Soli-
tary corals of the Silurian assembage have also
been documented from near the top of the Mosalem
at two other localities in northwestern Iilinois
(McAuley and Elias, 1990, fig. 8). Identifiable soli-
tary rugose corals had not been obtained previ-
ously from the Mosalem of eastern lowa. Grapto-
lites from a horizon in the lower Mosalem at section
26 (Bellevue) apparently represent the same Early
Llandoverian zone as those in the Schweizer Mem-
ber of the Wilhelmi Formation in northeastern Illi-
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nois (Text-fig. 6; Ross, 1964). The Mosalem is con-
sidered to be Early Llandoverian in age, although it
is possible that strata infilling the deepest channels,
below the position of the graptolite bed, are Ga-
machian (McAuley and Elias, 1990, p. 21, 25).

New Information

Three well-preserved coralla of Streptelasma sub-
regulare (USNM 458209-458211) were collected
from the coral bed in the Mosalem Formation at
section 32 (Thomson East; Text-fig. 6, interval 32-1;
McAuley and Elias, 1990, p. 22, interval 32-1z). All
have septal grooves and interseptal ridges, indicat-
ing that they were not significantly abraded prior to
burial. Rhegmaphyllum sp. was found near the top of
interval 32-1, at a height of 3.6 m in the section
(USNM 458214; P1. 1, Fig. 10).

Two coralla were obtained from a single, enor-
mous slump block at section 26 (Bellevue). The
original stratigraphic position of the slump block
and corals in the undisturbed section could be es-
tablished with confidence. The stratigraphically
lower specimen is poorly preserved, but the nature
and arrangement of septa are characteristic of Strep-
telasma subregulare (USNM 458212). The specimen
located 1.4 m higher is identified as Dalmanophyl-
lum sp. (USNM 458218; P1. 1, Fig. 14; Text-fig. 6, in-
terval 26-2).

Paleoenvironmental Significance

On the basis of condition of the corallum exte-
rior, McAuley and Elias (1990, p. 29, table 2) deter-
mined whether Edgewood corals at various locali-
ties and stratigraphic positions were abraded prior
to burial. That information was used to make infer-
ences regarding sedimentation rate and energy
level of the environment. Previously, there were
insufficient data to report on the Mosalem For-
mation. A total of 10 well-preserved specimens of
Streptelasma subregulare are now known from the
coral bed at section 32 (Thomson East; interval 32-
1z of McAuley and Elias, 1990). All are nonabraded,
suggesting a low-energy environment. Nonabra-
sion could also indicate rapid burial due to a high
sedimentation rate. However, the bed must have
remained exposed for a period of time in order for
the surface to become colonized by numerous tabu-
late and solitary rugose corals. The coral bed ap-
pears to be at about the same stratigraphic position
as small, local channels that suggest a break in
deposition (McAuley and Elias, 1990, p. 22, fig. 9).

Biostratigraphic Significance

In the Mosalem Formation at section 32 (Thom-
son East), Streptelasma subregulare remains the only
solitary rugosan known from the coral bed and
strata lateral to it, and all coralla identified from
above the position of that characteristic Edgewood
species represent the Silurian assemblage. The
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change from Edgewood to Silurian assemblages
occurs near the top of the Mosalem (Text-fig. 6). At
section 26 (Bellevue), a coral of the Silurian assem-
blage has also been found a short distance above a
specimen of S. subregulare, but it occurs well below
the top of the Mosalem. Assuming that the change
from Edgewood to Silurian assemblages was syn-
chronous and the upper surface of the Mosalem is
conformable throughout the area, this suggests
relatively continuous and/or rapid sedimentation
at section 26. The record of deposition is evidently
less complete at section 32 on the southern flank of
the Savanna Anticline, where the Silurian assem-
blage appears above local channels that may record
a minor regressive event (McAuley and Elias, 1990,

p. 23, fig. 9).

CONCLUSIONS

New information on latest Ordovician to earliest
Silurian solitary Rugosa of the east-central United
States is of biostratigraphic, paleoecologic, and
palecenvironmental significance. These corals indi-
cate that the youngest strata of the Keel Formation
in south-central Oklahoma are early Early Llan-
doverian in age. Basal beds of the Cochrane Forma-
tion, which overlies the Keel, are apparently diach-
ronous, ranging in age from early Early Llando-
verian to late Early or younger Llandoverian. In
west-central Illinois and northeastern Missouri, the
Bowling Green Dolomite is a discrete unit that is
younger than the Noix Limestone and Bryant Knob
Formation and the Cyrene Formation, which is a
lateral facies equivalent of the Noix—Bryant Knob.
In northeastern Illinois, strata beneath a bed con-
taining Early Llandoverian graptolites in the
Schweizer Member of the Wilhelmi Formation may
be Gamachian in age. Streptelasma subregulare,
which is abundant on several beds immediately
above stromatolites in the basal Wilhelmi at one
locality, could evidently live in very shallow water
and thrived when normal marine conditions ap-
peared during the latest Ordovician—earliest Silu-
rian transgression that brought seawater over the
eroded surface of the underlying Maquoketa
Group. Directional orientations of those coralla in-
dicate currents from the south and possibly south-
west. Data from the Mosalem Formation in north-
western Illinois and eastern Iowa confirm that soli-
tary rugose corals of the Edgewood and Silurian
assemblages do not co-occur and that the Edge-
wood assemblage was succeeded by the Silurian
assemblage.
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APPENDIX:

STRATIGRAPHIC SECTIONS

The locations of stratigraphic sections are designated using U.S. Geological Survey topo-
graphic quadrangle maps (1:24,000 scale). Precise coordinates following the map name are
measured first east and then north from the southwest corner of the map. Descriptions of
the sections and lists of fossils are contained in the references cited.

South-Central Oklahoma

Section 21 (Rock Crossing). Overbrook, Oklahoma Quadrangle: 310 mm E., 348 mm N.;
SE“NEYSWYa sec. 35, T. 55, R. 1 E. Exposure on west bank of Hickory Creek, east side
of road, 150 m south of bridge, Carter County, Oklahoma (Amsden, 1960, sec. Call, p.
208-210, panel 1; Barrick, 1986, sec. Call, fig. 39; McAuley and Elias, 1990, sec. 21, p. 8, 53,
fig. 2).

Section 35 (Henry House Falls). Springer, Oklahoma Quadrangle: 65 mm E., 464 mm
N.; SWUNEWSEY sec. 30, T. 2 S, R. 1 E. Exposure on west side of Henry House Creek at
upper rim of Henry House Falls, Carter County, Oklahoma (Amsden, 1960, sec. Cal (2),
p- 190-195, panel 1).

Section 23 (Lawrence Quarry). Ahloso, Oklahoma Quadrangle: 93 mm E., 302 mm N.
to 98 mm E., 296 mm N.; NWWSEWUNEY: sec. 36, T. 3 N., R. 5 E. (northern site); and 92 mm
E., 282 mm N.; NWiNEYSEY sec. 36, T. 3 N., R. 5 E. (southern site). East side of Ideal
Cement Co. quarry at Lawrence, Pontotoc County, Oklahoma (Amsden, 1960, pl. 1, figs.
1,2, panel 2, pl. A; 1974, loc. P22, p. 87; 1986, figs. 5,6,15; Barrick, 1986, sec. AQL, fig. 39;
McAuley and Elias, 1990, sec. 23, p. 8, 53, fig. 2).

Section 24 (Coal Creek). Harden City, Oklahoma Quadrangle: 253 mm E., 208 mm N;
NWUSEVYANWY sec. 22, T. 1 N., R. 7 E. Exposure on north bank of Coal Creek, 400 m east
of Gobbler Knob, Pontotoc County, Oklahoma (Amsden, 1957, fig. 5; 1960, sec. P9, p. 279—
282, panel 1; 1961, fig. 25; 1986, fig. 13; Barrick, 1986, sec. P9, fig. 39; McAuley and Elias,
1990, sec. 24, p. 8, 53, fig. 2).

West-Central Illinois and Northeastern Missouri

Section 36 (Indian Creek). Hamburg, Illinois—-Missouri Quadrangle: 183 mm E., 306
mm N.; NWVUNWY%NEY sec. 13, T. 105, R. 3 W. North- and west-facing exposures just
south of Indian Creek and just east of County Route 2, 4.6 km south—southeast of Ham-
burg, Calhoun County, Illinois (Rubey, 1952, loc. 6, p. 25-27, 170; Amsden, 1974, loc. I, p.
85; Thompson and Satterfield, 1975, sec. 12, p. 106). Collecting interval 36-1 in in situ strata,
36-1a in loose blocks.

Section 38 (Buckner Hollow). Bowling Green, Missouri Quadrangle: 348 mm E., 517
mm N.; center SWV sec. 17, T. 53 N., R. 2 W. Exposure on east side of stream in Buckner
Hollow, Pike County, Missouri.

Section 13 (Bowling Green). Bowling Green, Missouri Quadrangle: 197 mm E., 497 mm
N.; NWWNWVs sec. 24, T. 53 N., R. 3 W. Cut on north side of U.S. Route 54, 1.5 km north-
east of junction with U.S. Route 61, Pike County, Missouri (Koenig and others, 1961, fig.
15; Amsden, 1974, loc. D, p. 84, figs. 4,7; Thompson and Satterfield, 1975, sec. 8, p. 96, 99,
fig. 11; Elias, 1982, Bowling Green sec., fig. 21; Amsden, 1986, sec. D, figs. 31, 34; McAuley
and Elias, 1990, sec. 13, p. 54, fig. 5).
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Northeastern Illinois

Section 4 (Schweizer West). Channahon, Illinois Quadrangle; 302 mm E., 418 mm N.;
SWUYSEY; sec. 35, T. 35 N, R. 9 E. Cuts on both sides of lower (western) railroad, southeast
side of Des Plaines River valley, Will County, Illinois (Ross, 1962, fig. 1; Willman, 1962,
stop 4, p. 84; 1973, sec. 17, p. 50, 51; Liebe and Rexroad, 1977, loc. 8, p. 854, fig. 1; Elias, 1982,
Will County sec., fig. 21; McAuley and Elias, 1990, sec. 4, p. 20, 54, fig. 7).

Section 29 (Sears Pit). Sycamore, Illinois Quadrangle: 347 mm E., 336 mm N.; SEV4
NWY and SWYNEY sec. 15, T. 40 N, R. 5 E. Quarry southeast of intersection of Barber
Greene Road and Airport Road, 4 km northeast of Cortland, De Kalb County, Illinois
(Mikulic and others, 1985, p. 21-23, figs. 6,7; McAuley and Elias, 1990, sec. 29, p. 20, 54,
fig. 7).

Northwestern Illinois and Eastern Iowa

Section 32 (Thomson East). Thomson, Illinois Quadrangle: 270 mm E., 377 mm N.;
SEVANEYANWY4 sec. 28, T. 23 N., R. 4 E. Quarry on rise east of Johnson Creek, 4.5 km east
of Thomson, Carroll County, Illinois (McAuley and Elias, 1990, sec. 32, p. 22, 54, figs. 8,9).

Section 26 (Bellevue). Springbrook, lowa-Illinois Quadrangle: 288 mm E., 559 mm N.,
to 262 mm E., 572 mm N.; NE% sec. 19, T. 86 N., R. 5 E. Exposure along west side of U.S.
Route 52 and south side of road in Bellevue State Park, Jackson County, Iowa (Whitlow
and Brown, 1963, p. 13; Ross, 1964, p. 1107, fig. 1; Rose, 1967, stop 3, p. 44, 45, figs. 20,21;
Anderson, 1983, fig. 5.6; McAuley and Elias, 1990, sec. 26, p. 22, 54, 55, fig. 8).
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PLATE 1

Latest Ordovician to earliest Silurian solitary rugose corals
of the east-central United States.

All figures are negative prints of transverse thin sections, oriented as they appear look-
ing down from the calice toward the apex of the corallum, with the cardinal side fac-
ing the bottom of the page unless otherwise indicated.

Figures 1-9.—Streptelasma subregulare (Savage, 1913). 1,2, USNM 458198, 458199,
upper oolitic unit, Keel Formation, section 24 (Coal Creek), x3; 3-5, USNM 458203,
458201, 458200, Cochrane Formation, section 21 (Rock Crossing), x4; 6, USNM 458204,
Cyrene Formation, section 13 (Bowling Green), x3; 7, USNM 458205, Cyrene Forma-
tion, section 38 (Buckner Hollow), x3; 8,9, USNM 458206, 458207, Schweizer Member,
Wilhelmi Formation, section 4 (Schweizer West), x4, 3 (in 9, arrow points to Trypanites
boring, position of cardinal side uncertain).

Figure 10.—Rhegmaphyllum sp., USNM 458214, Mosalem Formation, section 32
(Thomson East), x6.

Figure 11.—Dinophyllum sp., USNM 458215, Bowling Green Dolomite, section 36
(Indian Creek), x4.

Figures 12-14.—Dalmanophyllum sp. 12, USNM 458216, Cochrane Formation, section
35 (Henry House Falls), x5; 13, USNM 458217, section 36 (Indian Creek), x5; 14, USNM
458218, Mosalem Formation, section 26 (Bellevue), x5.

Figure 15.—Cyathactis? sp., USNM 458219, section 36 (Indian Creek), x4.



Solitary Rugose Corals of the East-Central United States 125







Oklahoma Geological Survey Bulletin 145, 1992

North American Midcontinent Devonian T-R Cycles
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ABSTRACT.—Twelve transgressive-regressive (T-R) cycles, established in the post-Lochkovian part
of the Devonian on the basis of sequences in western and eastern North America and western
Europe, were previously tested through an analysis of Midcontinent sequences. Correlations were
achieved largely through conodont biostratigraphy but were supplemented with megafaunal evi-
dence where the conodont data were inadequate. The Midcontinent sequences were found to rep-
licate the T-R cycles established elsewhere with reasonable accuracy. We expand the analysis in the
present study to include the Lochkovian Stage at the base of the Devonian by adding the Arbuckle
Mountain sequence in the southern Midcontinent. Significant revisions in our previous correlation
hypothesis for the Midcontinent include the following: (1} removal of the Prout of Ohio, and its
lithostratigraphic equivalents, from Cycle If and transfer to the base of Cycle Ila, on the basis of
new conodont data; (2) positioning of the base of the Solon in Iowa at a slightly higher level within
Cycle I1a; (3) positioning of the Coralville of lowa near the top of Cycle Ila and the base of the
overlying Lithograph City at the base of Cycle IIb, as a result of lithostratigraphic and biostrati-
graphic revision; and (4) recognition that the basal Sweetland Creek Shale of lowa, and equivalents
elsewhere in the Midcontinent, represent the base of Cycle Ild. Detailed distributional data on the
upper Frasnian conodont sequence in the Sweetland Creek Shale is presented as a result of recent

collecting and analysis.

INTRODUCTION

In our initial paper on Devonian eustatic fluctua-
tions in Euramerica (Johnson and others, 1985), we
constructed a qualitative eustatic sea-level curve
and designated 12 transgressive-regressive (T-R)
cycles above the Lochkovian, i.e., in the Devonian
part of the Kaskaskia Sequence. The eustatic curve
and T-R cycles were based on stratigraphic synthe-
ses in the western United States, western Canada,
New York, Belgium, and Germany and were corre-
lated in terms of the conodont zonation. With the
results of this synthesis as a guide, we constructed
a correlation hypothesis for Midcontinent sections
in Iowa, southwestern Ontario, and Ohio, com-
pared with the western Canadian and New York
sequences {(Johnson and others, 1985, text-fig. 8).
The results were two-fold: (1) Midcontinent se-
quences were found to conform with reasonable
accuracy to the designated T-R cycles, and (2) the
presence or absence of cratonic rock packages and
the position of paleostrandlines in the cratonic inte-
rior were too dependent on local epeirogenic move-
ments to serve as prime evidence for sea-level fluc-
tuation. Now, seven years later, advances in knowl-
edge of the stratigraphy and conodont biostratigra-
phy of Devonian rocks in lowa and Ohio make pos-
sible significant revisions of our correlation hypoth-

esis and suggest how the Devonian succession of
Oklahoma can be joined to the eustatic synthesis.
This is especially appropriate in the context of the
present volume in honor of Tom Amsden.

ANALYSIS OF MIDCONTINENT
T-R CYCLES

Pre-Ia T-R Cycles,
Lochkovian

Definition of earliest Devonian T-R cycles was
left unaccomplished by Johnson and others (1985),
but they indicated the presence of two unnamed
cycles. Dennison (1985), by evaluating stratigraphic
indicators in Virginia and West Virginia, identified
three deepening events, at essentially the same po-
sitions as plotted for the New York Helderbergian
by Johnson and others (1985, text-fig. 2). In New
York, these events are represented by the base of
the Cobleskill-Chrysler—Rosendale, the base of the
New Scotland, and the base of the Alsen, respec-
tively. In Nevada, the single evident intra-Loch-
kovian deepening event has been identified in
strata of the delta Zone (Johnson and others, 1989),
i.e., synchronous with the Alsen deepening of New
York.
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Figure 1. Correlation hypothesis for selected Devonian sections of the North American Midcontinent on the

eastern side of the Transcontinental Arch. Devonian T-R cycles are indicated with roman numerals in the
right-hand column, after Johnson and others (1985). Deepening events are shown by arrows pointing to the
right. Numbered conodont zones in the Frasnian are those proposed by Klapper (1989); the norrisi Zone, at
the top of the Middle Devonian, was proposed by Klapper and Johnson, in Johnson (1990). This chart revises

text-figure 8 of Johnson and others (1985).

In the Arbuckle Mountains of southern Oklahoma,
the only area in the present survey that contains a
Lochkovian (Helderbergian) section, the combined
fossil evidence of brachiopods and conodonts reveals
a Haragan-Bois d’Arc sequence (Fig. 1) that is cor-
relative with the New Scotland to Alsen interval of
New York (Amsden, 1958a,b,1962). The Pinetop Chert
represents part of this interval in the Ouachita Moun-
tains of southeastern Oklahoma (Amsden, 1983).

The Haragan Formation and the Cravatt and the
lower part of the Fittstown Members of the Bois
d’Arc Formation contain a conodont fauna with Icri-
odus postwoschmidti and Pedavis biexoramus, indi-
cating correlation with the eurekaensis Zone of the
Nevada sequence. The same two species occur in
the Rockhouse Limestone of Tennessee (Broadhead
and McComb, 1983). A conodont fauna with Ancyro-
delloides transitans occurs in the upper part of the

Fittstown Member on Bois d”Arc Creek, indicating
correlation with the next-higher delta Zone (Barrick
and Klapper, 1992 [this volume]).

In a number of papers (most recently summarized
in Amsden, 1988, p. 9-11), the view was expressed
that the Haragan—Bois d’ Arc represents a single bra-
chiopod zone, correlative with the New Scotland part
of the Helderbergian sequence in New York. He
noted an alternate view (Boucot and Johnson, 1967;
Campbell, 1977) that regarded part of the Cravatt and
the Fittstown Members of the Bois d’ Arc as younger
than most of the Haragan and correlative with a post-
New Scotland Helderbergian level (i.e., Becraft-Alsen—
Port Ewen) in New York State. The latter viewpoint
is supported by the recognition of delta Zone conodonts
in the upper part of the Fittstown Member. Rare
specimens of Ancyrodelloides transitans also occur in
the Alsen Limestone (Rickard, 1975).



North American Midcontinent Devonian T-R Cycles

T-R Cycle Ia,
Pragian

In the area of our present survey, T-R Cycle Ia is
represented by unconformity-bounded carbonate
units correlative with the Oriskany: the Frisco For-
mation of Oklahoma and the Garden Island Forma-
tion of southwestern Ontario (Fig. 1). Both contain
characteristic Oriskany brachiopod faunas that
are well documented (Amsden and Ventress, 1963;
Landes and others, 1945; Boucot and Johnson, 1967,
p- 57). The Quall Limestone of western Tennessee is
correlative. Conodonts are abundant in the Frisco
but all are highly fragmentary. A specifically inde-
terminate species of Icriodus is the main Frisco cono-
dont, and as noted by Klapper (in Amsden, 1985, p.
1-2) may be related to Icriodus claudiae.

T-R Cycle Ib,
lower Emsian

A thin Lower Devonian limestone in the Turkey
Creek Inlier, Marshall County, southern Oklahoma,
rests on Ordovician strata and is overlain by the
Woodford Shale. It has yielded a sparse and enig-
matic fauna of brachiopods (Amsden, 1985), cono-
donts, and trilobites (Ormiston, 1968) of an offshore
biofacies. The Turkey Creek conodonts were origi-
nally regarded as intermediate in age between the
faunas of the Frisco and the Sallisaw (Klapper, in
Amsden and others, 1968), and the trilobites were
correlated with closely similar faunas of the lower
Emsian in the Harz Mountains, Germany (Ormi-
ston, 1968). Although Campbell (1977, p. 10) ques-
tioned the Bohemian provincial affinity of the trilo-
bites advocated by Ormiston, he did not question
the early Emsian age assignment. A subsequent re-
evaluation of the conodonts (Klapper, in Amsden,
1985, p. 1-2) suggested that the species of Icriodus
present most closely resembles I. claudiae, which
supports the idea that the Turkey Creek Limestone
is older than the Sallisaw but does not conclusively
differentiate the fauna from that of the Frisco.
Nonetheless, the fact that the problematic speci-
mens of Icriodus in both the Frisco and the Turkey
Creek may be related to I. claudiae, certainly does
not prove that the two units are the same age since
the cited species has a long range in Nevada
through the sitlcatus and kindlei Zones. Thus, if one
accepts the trilobite evidence for an early Emsian
age, the Turkey Creek Limestone would be the only
representative of T-R cycle Ib in the Midcontinent.

T-R Cycle Ic,
upper Emsian-lower Eifelian

A transgressive carbonate blanket represents
T-R Cycle Ic in all areas of the present survey except
the lowa Basin and the Arbuckle Mountains in
southern Oklahoma. In northeastern Oklahoma, the
Sallisaw Formation is in this cycle, as are the
Camden and Clear Creek Formations of western
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Tennessee and southwestern Illinois. Amsden
reviewed and discussed the brachiopod fauna of
these named units (Amsden and Ventress, 1963). In
the area of Ohio and southwestern Ontario, T-R
Cycle Ic is represented by all of the Columbus
Limestone below the Venice Member (Fig. 1), by the
Bois Blanc Formation and the overlying Amherst-
burg and Lucas Dolomites of the Detroit River
Group, and by the lowest part of the Dundee Lime-
stone where it is a facies of the Lucas (Oliver, 1976;
Sparling, 1988, fig. 19). The important conodont Icrio-
dus latericrescens robustus has its first appearance in
rocks at the base of this transgression, including the
Sallisaw (Klapper, in Amsden, 1985, p. 1-2), the
Bois Blanc of Ontario (Uyeno and others, 1982) and
western New York, and the Schoharie Limestone of
central New York (Klapper and Johnson, 1980, table
6). The lowest occurrence of this subspecies is taken
as correlative with the serotinus Zone in Nevada
(Klapper and Johnson, 1980, p. 409). Intracycle
deepening events are represented at the base of the
Detroit River Group and the base of the Marble-
head Member of the Columbus Limestone. These
events evidently enabled the migration into the
Midcontinent of Polygnathus of the costatus group.

T-R Cycle 1d,
middle to upper Eifelian

In the area of our present survey, T-R Cycle Id is
represented by the Venice Member of the Colum-
bus Limestone, an open-marine limestone that fol-
lows above shoal-water rocks of the upper Marble-
head Member (Sparling, 1988, fig. 9; Sparling’s
fig. 11 illustrates conodonts from the Venice Mem-
ber), and by the lower Dundee Limestone (Fig. 1).
T-R Cycle Id rocks are unknown in Oklahoma and
Iowa. The deepening event that initiates Id is repre-
sented by the Union Springs black shale in New
York (Johnson and others, 1985).

T-R Cycle Ie,
upper Eifelian

Onlap and deepening associated with T-R Cycle
le is especially significant in terms of paleogeo-
graphic consequences, concomitant with the first
Devonian flooding of the lowa Basin resulting in
deposition of the Spillville Formation in northern
lIowa and southernmost Minnesota and the Otis
Formation in east-central Jowa (Witzke and others,
1989) (Fig. 1). These sequences provide evidence for
the breaching of the Transcontinental Arch and a
probable continuous seaway with the Elm Point
lithotope of the Williston Basin and the Devonian
outcrop belt in southwestern Manitoba. Conodont
faunas of the Spillville Formation (Klapper and
Barrick, 1983) with the characteristic species, Poly-
gnathus curtigladins and Icriodus orri, are identical
with those in the lower part of the cutcropping Elm
Point Formation (Norris and others, 1982). An alter-
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native paleogeographic reconstruction includes a
seaway connection from the north, through the
James Bay lowlands and Hudson Bay, with the
Northwest Territories of Canada (Ziegler, 1989,
fig. 5).

Elsewhere in the area of our survey, the Dela-
ware Limestone of Ohio (Sparling, 1983, fig. 13;
1988, fig. 15 illustrates representative Delaware
conodonts), upper Dundee Limestone of south-
western Ontario (Uyeno and others, 1982) and up-
per Dundee and overlying lower part of the Rogers
City Limestone of Michigan (Bultynck, 1976) repre-
sent T-R Cycle Ie. Two of the characteristic cono-
donts of these units are Icriodus angustus and
Icriodus orri (called 1. sp. aff. I. retrodepressus in ear-
lier references). A possibly correlative unit is pres-
ent in the subsurface of the western Anadarko
Basin in the Texas Panhandle, on evidence of the
report of Icriodus angustus (Barrick and others, 1990,
p. 61). The Rogers City macrofauna includes a num-
ber of taxa in common with correlative Canadian
units, e.g., Carinatrypa dysmorphostrota and Varia-
trypa arctica (Ehlers and Kesling, 1970). The deepen-
ing event that initiated Cycle Ie is represented by
the Oatka Creek black shale in New York.

T-R Cycle If,
lower Givetian

The upper Wapsipinicon Group, Kenwood and
Spring Grove Members of the Pinicon Ridge For-
mation, represent two intra-If deepening events in
the Iowa Basin (Witzke and others, 1989, fig. 13).
Elsewhere in the area of our survey, the Bell, Rock-
port Quarry, and Arkona Formations (indicated as
Bell-Arkona on Fig. 1) in southwestern Ontario and
the Plum Brook Shale of north-central Ohio are in
T-R Cycle If (Sparling, 1988, fig. 17 illustrates repre-
sentative Plum Brook conodonts diagnostic of the
ensensis Zone). However, we here remove the Hun-
gry Hollow, Widder, and Ipperwash Formations of
southwestern Ontario and the Prout Dolomite of
north-central Ohio, from T-R Cycle If of our original
correlation hypothesis (Johnson and others, 1985,
text-fig. 8) because Sparling (1988, p. 14-15) has
found conodonts of the Middle varcus Subzone in
the Prout.

T-R Cycle I1a,
upper Givetian

The quartz sandstone-carbonate sequence in the
central and north-central Oklahoma subsurface,
represented by the Misener Sandstone (Amsden
and Klapper, 1972), and the approximately correla-
tive Sylamore Sandstone in northeastern Oklahoma
and northern Arkansas (Freeman and Schumacher,
1969) are products of the Taghanic onlap (Johnson,
1970). These units lie above a profound uncon-
formity in which at least three T-R cycles (Id-Ie-If)
are missing, perhaps best shown at sections in Se-
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quoyah County, northeastern Oklahoma (described
by Amsden, 1961), where the Sylamore lies directly
on the Sallisaw Formation of T-R Cycle Ic. The Syla-
more in the area is undetermined biostratigraph-
ically, however. The oldest conodont zone recog-
nized in the Misener is the varcus Zone in the Fed-
eral 1 Wolleson (Amsden and Klapper, 1972, fig. 6,
table 1), which presumably represents T-R Cycle
ITa. Higher levels in the Misener appear to repre-
sent Cycles IIb and Ilc (Amerada 1 Richey and
Amerada 1 Breckenridge, respectively). The Misen-
er extends to even higher stratigraphic levels, up
into the lower Famennian (Amsden and Klapper,
1972, table 1). The similarly diachronous base of the
Sylamore Sandstone in northern Arkansas (Free-
man and Schumacher, 1969) reportedly ranges
from the varcus Zone through the Frasnian and
Famennian into the lowest conodont zone of the
Carboniferous.

In the Iowa Basin, recent analysis reported by
Witzke and others (1989, fig. 13) has significantly
revised the nomenclature of the Cedar Valley
Group and has also interpreted the succession in
terms of the T-R cycles of Johnson and others
(1985). Witzke and others (1989) recognized three
subcycles within T-R Cycle I1a, the lower two corre-
sponding to the initiation of deposition of the Solon
and Rapid Members of the Little Cedar Formation
and the upper one corresponding to the beginning
of deposition of the Coralville Formation. In our
previously published correlation hypothesis (John-
son and others, 1985, text-fig. 8) we recognized
these three deepening events, but revision of lowa
stratigraphic nomenclature results in the basal
Coralville deepening arrow being shifted down-
ward to a pre-norrisi position in the conodont zona-
tion, i.e. down into Cycle Ila.

The cited revision was also significantly affected
by new analysis of the conodont sequence (Witzke
and others, 1985, p. 37-41; 1989), which shows that
the Cou Falls Member at the base of the Coralville
Formation in southeastern Iowa carries the upper
subterminus Fauna, a low-diversity fauna approxi-
mately equivalent to part of the disparilis Zone. The
lowermost part of the Gizzard Creek Member,
which forms the base of the Coralville at the Glory
Quarry in Black Hawk County, northern Iowa, con-
tains the diagnostic brachiopod Tecnocyrtina mis-
souriensis missouriensis (Day, 1989, p. 305, fig. 4). A
related subspecies (T. missouriensis teleta) is re-
stricted to the lower part of Faunal Interval 27,
disparilis Zone in Nevada (Johnson and Trojan,
1982, fig. 2).

Correlative positions of the Hungry Hollow,
Widder, and Ipperwash Formations of southwest-
ern Ontario (indicated simply as Hungry Hollow
on Fig. 1) and the Prout Dolomite of north-central
Ohio have all been revised from our previous hy-
pothesis (Johnson and others, 1985, text-fig. 8), as
already noted. This revision is based on Sparling’s
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(1988, fig. 18 illustrates representative Prout cono-
donts) finding of Polygnathus ansatus and P. ovatino-
dosus in the Prout. We have followed Sparling’s
(1988, fig. 19} correlation hypothesis and assigned
all of the cited lithostratigraphic units to the Middle
varcus Subzone and to the base of T-R Cycle Ila,
even though it is only the Prout that contains the
conodonts critical for this inference. [A question
beyond the scope of the present paper is the valid-
ity of the Givetian conodont zonation up through
the Middle varcus Subzone. For example, the dis-
tinction between Polygnathus ansatus, the defining
species of that subzone, and P. hemiansatus Bul-
tynck, which appears at the base of the Givetian, is
in doubt.] One possible interpretation is that the
Prout Dolomite and its inferred lithostratigraphic
equivalents in adjacent areas correlate with the
lower part of the Tully Limestone in New York, as
suggested by Sparling (1988, p. 15). This becomes
clear if one considers the Beechwood Limestone of
Indiana as also part of this correlation. The con-
spicuous occurrence of Polygnathus timorensis and
the morphotype of Icriodus latericrescens lateri-
crescens present in the Beechwood (Klug, 1983; the
same as in the Prout) gives some evidence that we
are dealing with an older fauna than that of the
Solon of lowa. The Solon instead correlates with the
upper part of the Tully Limestone in New York.
Thus, within the lower part of Cycle IIa (Fig. 1), the
Prout and equivalents represent a slightly earlier
onlap than that of the Solon and equivalents.

T-R Cycle IIb,
uppermost Givetian—-lower Frasnian

The very significant deepening event that initi-
ated this cycle has usually been identified with the
beginning of the Frasnian, but as that boundary has
recently been defined, deepening preceded it. The
IIb cycle begins with the norrisi Zone (formerly, the
Lowermost asymmetrica Zone; Klapper and John-
son, in Johnson, 1990) and corresponds with the
base of the insita Fauna or biofacies in the Mid-
continent. In the lowa Basin, T-R Cycle IIb is repre-
sented by the Lithograph City Formation (Witzke
and others, 1989, figs. 12,13). The insita Fauna is
well developed in the State Quarry Member of the
Lithograph City in Johnson County, lowa, includ-
ing Skeletognathus norrisi at one locality (Watson,
1974; Witzke and others, 1985, p. 40), and the fauna
is also present in all but the uppermost beds of the
Andalusia Member of the same formation in Scott
County, Iowa, and adjacent sections in Illinois. A
late member of the Tecnocyrtina lineage (Johnson
and Trojan, 1982, fig. 2), T. curvilineata, occurs in the
State Quarry Member in Johnson County and the
lower Andalusia Member at the Buffalo Quarry in
Scott County (Day, 1989, p. 309) in strata with the
insita Fauna.

The uppermost beds of the Andalusia Member

131

at the Buffalo Quarry (Witzke and others, 1989, fig.
11) and due south at Fancy Creek near Andalusia,
Illinois, have a conodont fauna including Ancyro-
della rugosa, A. africana, and A. alata (late form) and
thus correlative with Montagne Noire Frasnian
Zone 3 (Klapper, 1989). The same three species of
Ancyrodella occur at several localities of the Snyder
Creek Shale in central Missouri (unpublished col-
lections of A. R. Ormiston and G. Klapper).

T-R Cycle Ilc,
lower Frasnian

In the Jowa Basin, T-R Cycle Ilc is represented by
the Shell Rock Formation, which overlies the Litho-
graph City Formation in northern Iowa (Witzke
and others, 1989, figs. 12,13). Anderson (1966, pl. 48,
figs. 2,4,10,14) illustrated Ancyrodella curvata (early
form) and A. gigas form 1 from the Shell Rock. Al-
though the Shell Rock conodonts are not zonally
diagnostic, the lowest occurrence of the former spe-
cies is in Montagne Noire Frasnian Zone 6 (Klap-
per, 1989, p. 453). Brachiopods of the Shell Rock
Formation (Day, 1989, p. 303) appear to correlate
with Faunal Interval 30 in central Nevada. Strata
equivalent to the Shell Rock are unrepresented in
east-central Jowa, because of the demonstrated hia-
tus between the Sweetland Creek Shale and the
Lithograph City Formation (Fig. 1).

A representative of T-R Cycle Ilc shown on Fig-
ure 1 is the lower part of the Kettle Point Formation
in southwestern Ontario. A distinctive morphotype
presently included within Palmatolepis punctata has
been illustrated from low in the Kettle Point in the
Sombra 2-6 well (Winder, 1966, pl. 156, fig. 13, table
1). This morphotype is characteristic of Montagne
Noire Frasnian Zone 6 faunas in unpublished col-
lections from the Canning Basin, Western Australia.

T-R Cycle I1d,
upper Frasnian

Perhaps the best upper Frasnian conodont se-
quence developed in the North American Midcon-
tinent is that of the type Sweetland Creek Shale in
Muscatine County, southeastern lowa. In terms of
the Frasnjan conodont zonation developed in the
Montagne Noire, southwestern France (Klapper,
1989), Zones 9, 10, 12, and 13 are well delineated in
the Iowa sequence (Fig. 2). The Sweetland Creek
Shale, interpreted to have been deposited in quiet
dysoxic environments well below effective wave
base (Witzke, 1987, p. 242) is quite condensed in
thickness compared with the zonal equivalents in
the Montagne Noire.

Immediately above a thin representation of
Zones 9 and 10 at Sweetland Creek (Fig. 2), there is
a 73-cm-thick siltstone unit that has not yielded
conodonts and which is in the stratigraphic position
of Montagne Noire Zone 11. This siltstone interval
is thought to represent Zone 11 for the following
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Figure 2. Distribution of conodont species in the type section of the Sweetland Creek Shale, Muscatine
County, southeastern lowa, indicating the correlation with the Montagne Noire Frasnian zonation (Klapper,
1989). The early work on the Sweetland Creek was reviewed by Klapper and Furnish (1963). Their lists for
the type section are revised herein on the basis of a later taxonomy used by Klapper and Foster (1986) and
Klapper (1989,1990) and new collections made from 1979-89 (Klapper, 1990, p. 1006, 1010, 1025). Note
that there is a 73-cm interval of siltstone (see text) between samples 2 and 3 that has not yielded conodonts.

reasons, in addition to its stratigraphic position be-
tween conodont faunas of Zones 10 and 12 (Fig. 2).
A subsurface section of the Sweetland Creek Shale
in Knox County, northeastern Missouri (Woodruff,
1990, loc. B, table 3, samples 28, 35) shows a Zone
10 fauna with Palmatolepis domanicensis, succeeded
about 4 m higher by a collection with P. semi-
chatovae. Similarly, in the Jerome Member of the
Martin Formation near Globe, Arizona (Day, 1990,
p- 619-620), the same two species are in direct suc-
cession as they are also in the Alberta sequence
(Klapper and Lane, 1989). Thus, a fauna character-
ized primarily by Palmatolepis semichatovae in the
midd]le to upper parts of the Juniper Hill and lower
part of the Cerro Gordo Members of the Lime
Creek Formation in northern Jowa (Day, 1990) is
probably equivalent to the cited siltstone at Sweet-
land Creek.

The type Sweetland Creek Shale rests with
marked unconformity on the Lithograph City For-
mation at the top of the Cedar Valley Group, with
Shell Rock equivalents missing as already noted.
Furthermore, the Sweetland Creek truncates down
to a stratigraphic level as low as the Rapid Member
of the Little Cedar Formation in the southeastern
Iowa subsurface (B. ]. Bunker and B. J. Witzke, 1991,
personal communication). Thus, the lowermost
beds of the Sweetland Creek represent the base of
T-R Cycle IId in southeastern lowa, in contrast with
the previous interpretation (Johnson and others,
1985, text-fig. 8), which showed the base of the
Sweetland Creek as a IIc-deepening event. Evi-
dently, the level of Palmatolepis semichatovae is
somewhat above the base of T-R Cycle IId in the
Midcontinent, judging from the northern Iowa
(Day, 1990) and northeastern Missouri (Woodruff,
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1990) sequences. The same situation obtains in the
Martin Formation of Arizona (Day, 1990), where
Palmatolepis domanicensis underlies P. semichatovae,
in contrast with sections in Nevada and Utah where
the latter species seems to mark the base of Cycle
IId (Sandberg and others, 1989).

The two samples immediately above the basal
lag bed of the Woodford Shale at the Hass En sec-
tion on the Lawrence Uplift in the northern Ar-
buckle Mountains, southern Oklahoma (Over, 1990,
fig. 11, table 1, samples 012, 014) appear to repre-
sent Montagne Noire Zone 9. Thus, the basal beds
of the Woodford on the Lawrence Uplift correlate
with the base of the type Sweetland Creek Shale
and also belong to T-R Cycle IId (Fig. 1). Collections
loaned by Walter Sweet from the type section of the
Olentangy Shale at Delaware in central Ohio, show
a lag bed separating the Middle Devonian from the
Frasnian part of the Olentangy. The conodonts of
the type upper Olentangy are closely comparable to
those in the Zone 13 part of the Sweetland Creek
Shale (Fig. 2), extending from collections with Ancyro-
gnathus calvini up to those with Palmatolepis lingui-
formis.
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Corals from the Turkey Creek Limestone
(Lower Devonian), Southern Oklahoma
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ABSTRACT.—The Turkey Creek Limestone is known from one small outcrop in Marshall County,
Oklahoma. This report describes the Turkey Creek corals and puts them into the stratigraphic,
ecologic, and biogeographic context established by earlier studies of the brachiopod, trilobite, and
conodont elements of the fauna. The corals are compatible with a middle Early Devonian, Pragian
age suggested by the conodonts and trilobites, and give some support to a paleogeographic posi-
tion within the Eastern Americas Realm (EAR) between the Appohimchi and Great Basin prov-
inces on the southern margin of the North American plate. The corals belong to “basinal” genera,
but this term is inappropriate for several EAR assemblages of this kind; the term laccophyllid
assemblage is recommended for use in discussing Silurian-Devonian faunas. Neaxon amsdenin. sp.,
“Stereolasma” sp., and Favosites sp. 1 are described.

INTRODUCTION

The Turkey Creek Limestone is an informally
named, thin stratigraphic unit, known from a single
small outcrop in an inlier in Marshall County, Okla-
homa, now covered by a small reservoir. The geol-
ogy of the inlier was discussed and described by
Amsden (1960, p. 151-159, 259-262). Subsequent
paleontologic work was reported by Amsden and
others (1968), who named the unit informally.
These and later works by Amsden and other indi-
viduals were reviewed, summarized, and brought
up to date by Amsden (1985) in a paper primarily
devoted to the Turkey Creek brachiopods. The fol-
lowing notes on stratigraphy are based on the three
works cited.

The Turkey Creek Limestone consists of 1.5 m of
skeletal (pelmatozoan) limestone in a single small
outcrop along Turkey Creek, Marshall County,
Oklahoma (Text-fig. 1). The unit is overlain by the
Upper Devonjan Woodford Shale and underlain by
the Upper Ordovician Sylvan Shale. Aside from the
abundant pelmatozoan debris, the megafossils, in
order of decreasing abundance, are trilobites (Or-
miston, 1968; Campbell, 1977), brachiopods (Ams-
den, 1985), gastropods (undescribed), and corals
(herein); bryozoans appear in many thin sections.
Microfossils include ostracodes (undescribed), and
conodonts (Klapper and Ziegler, 1967, pl. 8; dis-
cussed by Klapper, in Amsden and others, 1968,
and in Amsden, 1985, p. 1-2). The fauna was inter-
preted initially as indicating an Emsian age (late
Early Devonian) by Amsden and others (1968) and
Ormiston (1968), but later reviews of the trilobites
(Campbell, 1977, p. 10) and conodonts (Klapper, in
Amsden, 1985, p. 1-2; see also Amsden and Barrick,
1988, p. 52) suggest that a middle Early Devonian,

Pragian age is more likely. In this paper, the age of
the fauna is considered to be Pragian because this
best fits the coral data as well, but an early Emsian
age is not ruled out.

The Frisco Formation in Oklahoma (Text-fig. 1)
is Pragian in age and rather similar to the Turkey
Creek in overall lithology (Amsden, 1985, p. 4;
Amsden and Ventress, 1963). However, the Turkey
Creek brachiopods, trilobites, and corals have little
in common with those of the Frisco (Amsden, 1985;
Campbell, 1977; and herein). The Turkey Creek and
Frisco corals are compared below.

Repositories

The Turkey Creek Limestone corals are pre-
served in the collections of the Oklahoma Museum
of Natural History, University of Oklahoma, Nor-
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Text-figure 1. Map of Oklahoma showing location of
Turkey Creek Limestone outcrop and three areas of
surface and subsurface distribution of the Frisco For-
mation (from Amsden, 1985, fig. 3).
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man (OU). The illustrated specimen from New
York is in the U.S. National Museum of Natural
History, Washington, D.C. (USNM).

PRAGIAN CORALS

Rugose corals of Pragian age are uncommon
everywhere (Oliver and Pedder, 19793, table; Ped-
der and Oliver, unpublished tabulations). North
American assemblages of this age can be divided
into three groups: (1) Relatively large late Pragian
faunas are known from the northern Yukon Terri-
tory and Alaska (Pedder, 1978, and personal com-
munications, 1980-92); these include large dis-
sepimented solitary and colonial rugosans which
are distinct shelf assemblages and belong to the Old
World Realm. (2) Small assemblages are known
from the Rabbit Hill Limestone in the Great Basin,
Nevada (reviewed by Johnson and Oliver, 1977;
and Oliver and Johnson, 1977), the Frisco Forma-
tion and Turkey Creek Limestone in Oklahoma
{following sections), and the Glenerie Limestone in
New York; these are mostly small, nondissepi-
mented corals belonging to “basin dwelling” or
laccophyllid assemblage genera (see Coral Ecol-
ogy); the corals are mostly undescribed but are the
principal Eastern Americas Realm (EAR) faunules
of this age. (3) Small faunas from the lower mem-
bers of the McColley Canyon Formation in the
Great Basin (see Johnson and Oliver, 1977) and
from the Indjan Cove Formation in the Gaspé area,
Quebec, are “shallow” shelf assemblages within the
EAR, but may be younger (late Pragian and/or
early Emsian in age) than the laccophyllid assem-
blages. The EAR Pragian faunas were reviewed by
Oliver (1977, p. 102-106), but the 1977 lists need
revision and are useful now only to indicate the
general nature of the assemblages.

The paucity of Pragian corals may be due to a
late- or end-Lochkovian faunal crisis. Oliver (1990)
showed that there was an extinction event that af-
fected Lochkovian corals in eastern North America
and that it may have been worldwide. Lochkovian
corals are basically Silurian types, while the Pragian
saw the beginning of the great Emsian to Givetian
Eastern Americas Realm coral fauna. In a later sec-
tion of this paper, I suggest that the nature of the
Turkey Creek corals may be related to this crisis.

Turkey Creek Corals

Corals are uncommon in the Turkey Creek Lime-
stone to judge by the published record and the col-
lections I have seen. Fifteen rugose corals, all small
and solitary, were found in available collections;
these include eight specimens of Neaxon amsdenin.
sp., one specimen of “Stereolasma” sp., and six inde-
terminate fragments, some of which are probably
N. amsdeni. Tabulate corals are even rarer; three
specimens include two small Favosites colonies and
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a fragment of a pachyporid that appeared in serial
thin sections of one of the rugosans.

The corals do not strongly support a Pragian age
for the fauna because the genera are long ranging
and the species new or undetermined. The most
common species is closest to a Pragian species from
Nevada and this, plus other available data, make a
Pragian age somewhat more likely than early Em-
sian. The corals are of additional interest for eco-
logical and biogeographical analyses.

Frisco Corals

Rugose corals in collections from the Frisco For-
mation (Pragian, Oklahoma) are more numerous
than Turkey Creek corals, but this may be due en-
tirely to the greater known extent of the Frisco
(Text-fig. 1). I have little basis for comparing abun-
dances in the rock. Amsden (personal commu-
nication, 1958) stated, “The Frisco coral fauna is a
small one, both in number of species and in number
of individuals. Aside from Trachypora (which is
common), it consists mainly of horn corals and a
branching type of Favosites. . . . The Frisco mega-
fauna is dominated by the gastropods and brachio-
pods, especially the latter.” Amsden and Ventress
(1963, p. 24-25) mentioned colonial corals in the
Frisco, but these are apparently the tabulates cited
above because small solitary rugosans, Favosites
and “Trachypora,” are the only corals listed. “Trachy-
pora sp.” (identified by Oliver) was discussed and
illustrated by Amsden (1960, p. 133, pl. 17, figs. 1~
4), who indjcated that it is abundant in the lower
part of the formation.

Photographs of 17 Frisco rugose corals are the
basis for comparing the Frisco and Turkey Creek
rugosans. Most of the Frisco specimens are photo-
graphically represented only by exteriors and trans-
verse sections so I have not attempted to list the
Frisco taxa. The photographed specimens were con-
sidered representative of the available collections
when I surveyed them in 1968. The Frisco rugosans
are small, simple, nondissepimented, and mostly
conical corals; most are metriophyllids, but there
are a few laccophyllids. None is assignable to
Neaxon (the most common Turkey Creek genus),
but there are three specimens that may be conge-
neric with “Stereolasma” sp. Thus, there is a family
resemblance between the faunules but no species in
common; this situation is comparable to that of the
brachiopods and trilobites.

CORAL ECOLOGY

Paleozoic corals can be divided into two or three
broad ecologic groupings on the basis of the ru-
gosans. One is composed of small, solitary, non-
dissepimented rugosans, is of low diversity, and
may be accompanied by small tabulate colonies
(Hill, 1981, p. F47). This was termed the Cyathaxonia
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fauna by Hill (1939, p. 5), named for a Carbonifer-
ous coral. Devonian coral specialists have used the
same term but have also referred to the fauna as
“cephalopod facies” (Kullmann, 1965), “deeper
water” (Pedder, 1982), “deep water” or “basinal”
(Sorauf and Pedder, 1986), and “basin facies” or
“basin dwelling” (Pedder and Oliver, 1990). All of
these terms are objectionable, either because of their
age or environmental implications, and the term
laccophyllid assemblage is recommended and used
in this paper. The laccophyllid assemblage is real
and has worldwide distribution. The fauna is com-
monly found in noncalcareous shales and inter-
preted as “deep water,” or “basinal” as the listed
names imply. Pedder and Oliver (1990, p. 274), in
a biogeographic analysis of Devonian rugosans,
assigned metriophyllids, laccophyllids, polycoeli-
ids, and three miscellaneous genera to this fauna.
The Pragian faunules from the Rabbit Hill, Turkey
Creek, Frisco, and Glenerie Limestones all belong to
the laccophyllid assemblage.

A second major fauna includes larger, dissepi-
mented, solitary and colonial rugosans and a vari-
ety of tabulates; this fauna is far more diverse than
the first. [t is most often found in limestones and
calcareous shales and is interpreted as a “shallow
water” or shelf fauna. Some authors separate this
fauna into level-bottom and reef-associated faunas
(for a total of three major groupings of corals). The
Pragian assemblages from western Canada and the
Gaspé belong to the shelf fauna. Broad aspects of
these major coral faunas were reviewed by Hill
(1981, p. F47-F49).

The Turkey Creek and Frisco faunules from
Oklahoma belong to the laccophyllid assemblage.
In addition to the rugosans, this includes the Tur-
key Creek tabulates illustrated here, the Frisco
“Trachypera,” and large favositids that are associ-
ated with the rugosans according to P. K. Suther-
land (personal communication, 1991).

The Turkey Creek Limestone and the Frisco For-
mation were deposited in the southern part of an
Early ancl Middle Devonian carbonate province;
not far south was the Ouachita clastic province with
few benthic fossils (Amsden, 1985, p. 6 and fig. 4). It
is difficult to not consider the carbonate province as
shelf and the clastic area as slope or basin.

Amsden (1985, p. 4, 6) interpreted the Turkey
Creek environment as “clear, with little turbidity
and a substrate composed largely of clean, washed
organic sands not unlike the depositional environ-
ment of the Frisco Limestone” and “a part of the
carbonate platform.” Earlier, Amsden and Ventress
(1963, p. 25-26) interpreted the Frisco environment
as turbulent and close to shore. These views are not
incompatible but emphasize that the laccophyllid
coral assemblage is not necessarily basinal. Rather,
it represents environments that were marginal for
corals, where the larger, more complex corals of the
“shelf” assemblage could not successfully develop
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and reproduce. Inhibiting conditions, at different
times and places, may have been depth, terrigenous
sediments, turbulence, etc. If physical conditions
were decisive in the Turkey Creek and Frisco, water
movements—either turbulence or shelf-margin cur-
rents—are the most likely limiting factors. How-
ever, the Pragian coral faunules in the Great Basin
and New York are also laccophyllid assemblages.
Possibly, these were all deposited before the recov-
ery of “shelf” corals after a late Lochkovian crisis
(Oliver, 1990, p. 174). The temporary absence of
“shelf” corals would be as effective as deleterious
environmental factors in giving the corals of the
laccophyllid assemblage their opportunity.

BIOGEOGRAPHY

The Early Devonian was a time of marked pro-
vincialism. Three biogeographic realms are recog-
nized; two of them are partly within North Amer-
ica. Rugose coral biogeography was most recently
reviewed by Oliver and Pedder (1989) and Pedder
and Oliver (1990). Text-figure 2 shows the general
geographic relationship during Pragian time of ar-
eas mentioned in this paper. In North America, the
Transcontinental Arch separated the Appohimchi
Province of Eastern Americas Realm (EAR) from
the Old World Realm (OWR), except during the
Pragian and early Emsian when the Great Basin
(Nevada and parts of adjacent states) was distinctly
an EAR province. This general picture has devel-
oped through the efforts of students of brachio-
pods, trilobites, and other invertebrate groups in
addition to the corals.

The Turkey Creek fauna has aroused interest
because of the lack of clear ties to other EAR faunas.
Previous work and ideas on Turkey Creek rela-
tionships were reviewed by Amsden (1985). Initial
studies suggested that the fauna was Old World;
later analyses have removed most of the suspected
Old World elements without, however, demon-
strating species-level similarities with other EAR
faunas, including that of the Frisco. In contrast to
the Turkey Creek, the Frisco brachiopods (Amsden
and Ventress, 1963) and trilobites (Campbell, 1977)
have distinct Appalachian (EAR) affinities.

Study of the corals adds little to the picture. Lac-

‘cophylid assemblage genera are cosmopolitan and

the Turkey Creek and Frisco laccophyllids and
metriophyllids are widespread in both realms. As
noted below, Neaxon amsdeni, the most common
Turkey Creek coral, is similar to Neaxon foerstei
from the Great Basin, but this means very little
when knowledge of Pragian corals is so sparse. If
the paleogeographic map (Text-fig. 2) is approxi-
mately correct, Oklahoma was along the marine
coastal route between Appohimchi areas and the
Great Basin. Possibly, the Turkey Creek Limestone
represents too small a slice of time to have captured
any of the migrating benthos.
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SYSTEMATIC PALEONTOLOGY
Rugose Corals

Family Laccophyllidae Grabau, 1928
Genus Neaxon Kullmann, 1965

1965 Syringaxon Lindstrom (part). Sutherland, p.
34-35.

Neaxon Kullmann, p. 81-83.

Neaxon Kullmann. Rézkowska, p. 58-65.
Neaxon Kullmann. Weyer, p. 294-300.
Syringaxon Lindstrém (part). Merriam, p.
21-23.

Syringaxon Lindstrom (part). Merriam, p.
39-40.

1978a Neaxon Kullmann. Weyer, p. 495-496.

1978 Neaxon Kullmann (part). Birenheide, p.
34-37.

Neaxon Kullmann (part). Hill, p. F197.
Neaxon Kullmann. Weyer, p. 5-12.

Neaxon Kullmann. Weyer, p. 3-12.

Neaxon Kullmann. Oliver, p. 8-9.

1965
1969
1971
1973

1974

1981
1984
1989
1989

Type species.—Neaxon regularis Kullmann, 1965, p.
83-86, text-fig. 6, pl. 2, figs. 1-4; upper Emsian,
Spain.

Diagnosis.—Small, solitary, horn corals. In early
stages major septa join at axis; in later stages they
are withdrawn from the axis and thickened at their
axial ends to form an aulos. Cardinal and counter
septa may be longer than other major septa; minor
septa very short, not contratingent. Tabulae tend to
be horizontal within aulos, inclined downward
from aulos to wall. Wall more or less thick, formed
by thickening of outer edges of septa. No dis-
sepiments, cardinal fossula or septal flanges. Septa
trabecular(?).

Discussion.—Laccophyllids and metriophyllids are
a complex of mostly related corals characterized
by (1) an axial structure formed by the axial ends of
the major septa, (2) a simple, fine-textured micro-
structure, and (3) the lack of a fossula. Neaxorn and
Syringaxon differ in that the former has very short
minor septa, whereas those of the latter are long
and contratingent. Neaxon, as used in most of the
works cited in my synonymy, differs from other
laccophyllids in including species with coarsely
trabecular microstructure. Coarse monacanthine
trabeculae in Neaxon were first described in Upper
Devonian forms by Rézkowska (1969) and Weyer
(1971,1978a). Weyer (1971, p. 294) interpreted Kull-
mann’s (1965) description and illustrations as in-
dicating that the type species (upper Emsian) is
coarsely trabecular also, and Kullmann (personal
communication, 1991) agrees with this. The Pragian
specimens of Merriam (1973) (Nevada) and this
paper (Turkey Creek) have non- or finely trabecu-
late microstructure, and the Upper Silurian species
of Sutherland (1965) (Oklahoma) is the same (see
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Text-figure 2. Paleogeographic map of North Amer-
ica during the Pragian (middle Early Devonian). Sym-
bols mark areas from which rugose corals are
known: circles, Eastern Americas Realm (EAR) cor-
als; squares, Old World Realm corals; open circles or
squares represent few taxa; solid symbols represent
larger assemblages. Arrows suggest possible migra-
tion routes. Distribution of land (shaded) and sea is
generalized; the eastern plate boundary is shown by
the solid line extending from Mexico to the Mari-
times. Modified from Oliver and Pedder (1979b). The
dashed lines show possible shoreline positions and
uncertainties.

below). These data could be used to suggest that the
early Neaxon species differ from the later ones in
their microstructure (coarse trabeculae being more
“advanced”) or that two possibly unrelated taxa are
involved. I tend to favor the second suggestion, but
the examination of many more specimens and spe-
cies is needed before this can be considered as more
than a guess.

The known record of Neaxon sensu lato is de-
scribed in the following paragraphs.

Late Silurian (Ludlovian and/or Pridolian).—
Syringaxon adaense Sutherland, 1965, has the charac-
ters of Neaxon as pointed out by Weyer (1978a, p.
495); Weyer (1978b, p. 91) noted a similar species
from Gotland but did not illustrate it. Later, how-
ever, Weyer (1984, p. 5) questioned the generic as-
signment of both on the grounds that they might
have septal flanges. There are no indications of
either flanges or coarse trabeculae in the published
illustrations of S. adaense but, at my request, Prof.
Sutherland reexamined the thin sections of both
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holotype and paratype and confirmed this analysis
(P. K. Sutherland, personal communication, 1990),
and I accept the species as a Neaxon s.1. with fine-
textured microstructure.

Lochkovian.—Syringaxon rudis (Girty, 1895) is a
characteristic Syringaxon with long, contratingent
minor septa; it is common in the Kalkberg and New
Scotland Limestones (middle part of the Helder-
berg Group), New York and adjacent states. Asso-
ciated with S. rudis are rare specimens of an un-
described Neaxon species (Pl. 1) characterized by
minor septa that are just long enough to lean
slightly and permit the identification of the cardinal
and counter septa. [t is tempting to suggest that the
specimens are individual variants of S. rudis, but
morphologically they are Neaxon s.1. The micro-
structure is finely textured.

Pragian.—(1) Neaxon amsdeni Oliver, n. sp., Tur-
key Creek Limestone, southern Oklahoma, is de-
scribed below (Pls. 2-5); the microstructure is finely
trabeculate. (2) Neaxon foerstei (Merriam, 1973, p.
22-23, pl. 2, tigs. 1-10; 1974, p. 3940, pl. 1, figs. 1-
16) was described as a Syringaxon; the type lot of
specimens in the U.S. National Museum of Natural
History includes specimens of Neaxon, Syringaxon,
and at least one other genus, but the holotype, and
three or four paratypes, are typical of Neaxon s.1,
with very short minor septa. Neaxon foerstei is com-
mon in the Rabbit Hill Limestone, Nevada (see
Oliver and Johnson, 1977, p. 109, for discussion of
the age of the Rabbit Hill and Merriam'’s coral zone
A; N. foerstei occurs in Pragian and ?Emsian parts of
the formation). Most known specimens are silicified
so that the microstructure is not certain, but there is
no suggestion of coarse trabecular structure in any
section or along the top and inner edges of the
septa.

Emsian.—(1) Silicified specimens of Neaxon s.1.
are associated with typical Syringaxon in the Indian
Cove Member of the Grande Gréve Formation,
Gaspé, Quebec (upper Pragian or lower Emsian).
Microstructure is uncertain, but there is no indi-
cation of coarse trabeculae. (2) Syringaxon zerav-
shanicum Gorianov, 1968 (p. 95-96, pl. 1, figs. 3a—4c)
from the Lower Devonian (Emsian according to
Weyer, 1984) of the southern Tian-Shan Mountains,
“USSR,” appears to be a Neaxon s.l. as stated by
Weyer (1984, p. 5). The microstructure appears fine
texured in the published illustrations. (3) Neaxon
regularis Kullmann, 1965 (p. 83-86, fig. 6, pl. 2, figs.
1-4), upper Emsian, Spain, is the type species of the
genus and therefore a key to some of the questions
asked herein. Weyer (1971) interpreted Kullmann's
description to indicate a coarsely trabecular micro-
structure, and Kullmann (personal communication,
1991), after reexamining the type specimens, stated
that the holotype posesses coarse monacanthine
trabeculae. However, enlarged (x10) prints of the
original published photographs of the holotype
do not show this and additional study is needed.
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(4) Undescribed specimens of Neaxon s.1. from
Morocco (USNM collections) are non- or finely tra-
beculate.

Eifelian.—(1) Neaxon sp. A (Oliver, 1989, p. 8-9,
pl. 6, figs. 1-3) is from the lower Eifelian(?) (possi-
bly upper Emsian), Needmore Shale, south-central
Pennsylvania. The microstructure is finely textured.
(2) Weyer (1971, p. 294-295; 1984, p. 5) and Biren-
heide (1978, p. 35) cited two or three species from
the Rheinisches Schiefergebirge: (a) Neaxon sym-
metricus (Frech, 1886, p. 95-96, pl. 7, figs. 3-5, 17-22)
seems to have the gross morphology of Neaxon s.1.
but the microstructure is unknown (there is the
barest suggestion of monacanthine trabeculae in
Frech's fig. 20). (b) Birenheide (1978, p. 35) sug-
gested that Syringaxon cf. nanus of Fliigel and Free
(1962, p. 236-238, figs. 7-1-7-6) was synonymous
with N. symmetricus. Weyer (1971, p. 295) had al-
ready suggested that S. cf. nanus was a Neaxon.
Fliigel and Free’s silhouette illustrations are of a
Neaxon s.1., but there is no indication of a coarse tra-
becular microstructure. (c) Zaphrentis kochi (Lud-
wig, 1865, p. 164-165, pl. 37, figs. 2a-d) (name sup-
pressed, International Code on Zoological Nomen-
clature, 1971) was listed as Neaxon by Weyer (1971,
p. 295; 1984, p. 5). Zaphrentis kochi is not identifiable
from published illustrations, although Ludwig’s
drawings may be of a Neaxon s.I. No evidence of
microstructure has been cited. Weyer (1984) noted
that the species may be Emsian, rather than Eifel-
ian, in age. (3) Undescribed specimens of Neaxon s.1.
from Morocco (USNM collections) have septa of
coarse monacanthine trabeculae.

Givetian.—No Neaxon of this age has been cited
by Weyer, or is known to me. The “Neaxon” listed
by Oliver and Pedder (1979a) from the Givetian of
Morocco is probably not this genus.

Frasnian.—Weyer (1971, p. 295) stated that
“Ptychocyathus excelsus Ludwig, 1866, from the
basal Frasnian of the Rheinisches Schiefergebirge,
is probably another Neaxon species.” There is no
further explanation and there is little useful infor-
mation in Ludwig’s monograph (1866, p. 195-196,
pl. 49, figs. 2a-3c). No other citations of Frasnian
Neaxon are known to me.

Famennian.—Numerous species have been de-
scribed or cited by Rézkowska (1969, p. 58-65),
Weyer (1971,1978a,1984,1989), and Fliigel (1980);
see the various Weyer papers for analyses and dis-
cussions. Rézkowska and Weyer have convincingly
stated that many or all of these have septa com-
posed of coarse monacanthine trabeculae.

Post-Devonian.—See Hill (1981, p. F197) and
Weyer (1984, p. 5) for citations and discussion.

In summary, Neaxon in the broad sense occurs
in rocks of Ludlovian to Famennian, and ?early
Carboniferous age, although there are few if any
known from the Givetian or Frasnian. The presence
of coarse trabeculae has been suggested or demon-
strated for Emsian to Famennian species; non- or
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finely trabecular septal structure is known or indi-
cated for Ludlovian to Eifelian species. Possibly the
early forms with fine structure are laccophyllids,
closely allied to Syringaxon, and the later species
with coarse trabeculae (possibly including Neaxon
sensu stricto) are only distantly, if at all, related.
Alternatively, one can note that the species with
confirmed finely textured structure are all from the
Eastern Americas Realm or northwest Africa (see
Oliver, 1977, p. 120-121, for discussion of mixed
EAR-OWR faunas in northwest Africa), whereas
those with confirmed coarse trabeculae are from the
Old World Realm. At this time, the available data is
inadequate to answer questions concerning the dis-
tribution of the two kinds of septal microstructure
or its significance. Weyer (1984, p. 5) has clearly ex-
pressed the opinion that coarse monacanthine tra-
beculae are “an essential Neaxon character.” I ten-
tatively agree that the finely textured species are
generically distinct from the coarsely trabeculate
ones, but it is necessary to know more about the
microstructure of the various species assigned to
“Neaxon” and other laccophyllids and metrio-
phyllids before evaluating the importance of micro-
structure in this complex of “simple” corals.

Neaxon amsdeni Oliver, new species
Text-figure 3; Plates 2-5

Type specimens.—Holotype, OU 4977, paratypes,
OU 4978-4983, 10673 (the last three are neanic speci-
mens, as discussed below; OU 10673 is unillus-
trated); Turkey Creek Limestone, Turkey Creek,
south of Mannsville, Marshall County, Oklahoma
(stratigraphic section Ma2-A, B, C, of Amsden,
1960, p. 260-261).

Diagnosis.—Neaxon with small aulos, medium-
thick septa, and fine microstructure.

External features.—Trochoid coralla, straight or
slightly curved; maximum known length, ~28 mm;
diameter at calice margin 20-25 mm or more. Calice
deep, one-half to two-thirds the length; aulos pro-
jects as low boss in bottom of calice; no fossula.

Septal grooves and interseptal ridges are prom-
inent on the outer surface of the wall. Rugae are
present but not prominent.

Internal features.—Septa radially arranged except
where newly inserted, moderately thick and rhopa-
loid; thickened axial ends of major septa form axial
structure with little or no additional sterome; in
early stages (neanic), a solid column is formed that
can persist to a diameter of 7 mm; in later stages
(ephebic), withdrawal from the axis forms an aulos
that can begin at a diameter of 5 mm or less. Major
septa number 18-24 at ephebic diameters of 5-15
mm (Text-fig. 3). Microstructure finely trabecular.

The wall is a septotheca, formed by the thick-
ened outer edges of the septa, and a very thin epi-
theca. Length of minor septa may be only slightly
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Text-figure 3. Number of major septa (n) plotted
against diameter (d) in mm in Neaxon amsdeni
Oliver, n. sp. Data are from 1 to 4 transverse sections
in 8 specimens; a different symbol represents each
individual specimen. The space between the dashed
lines shows the observed overlap in n and d of sec-
tions without (neanic), and with (ephebic), an aulos.
See discussion in text. The curved line was visually
fitted to the data to suggest allometric growth.

greater than the wall thickness so that they form
low ridges on the inner face of the wall, or the minor
septa can be as long as twice the wall thickness.

Identification of cardinal (C) and counter (K)
septa is based on morphology in thin sections. The
two longest major septa tend to define a bilateral-
ity; identification of these as C or K is based on the
following criteria: (1) Newly inserted septa are in
the usual four positions and lean away from C on
either side, or toward K on the K side of each alar
septum. (2) In one section (Pl. 3, Fig. 1) the minor
septa adjacent to K are slightly longer than the oth-
ers. Orientation of sections through the calice is
based on known relationship to other sections from
the same specimen. None of the calice sections
shows any indication of a fossula.

The aulos diameter varies, approximately, from
0.3 to 1.5 mm, but is more or less constant once the
aulos is formed.

Tabulae are horizontal and widely spaced with-
in the aulos. Outside of the aulos, tabulae slope
down toward the outer wall at various angles and
may be complete or incomplete.

Neanic specimens.—Three specimens in the collec-
tion have the characters described above but lack
the aulos (PL. 5, Figs. 1-3,5). These are more or less
complete, small individuals with calices; they are
not fragments of larger specimens. In transverse
sections below the calice they are similar to the
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lower, sub-aulos parts of the larger individuals.
Identification of the four primary septa is as de-
scribed, but C and K are even more distinct (Pl. 5).
One specimen has counter-lateral minors that are
longer than the other minors (Pl. 5, Figs. 1-3). It is
convenient to consider the pre-aulos stage as
neanic, and the later stage—with a well-developed
aulos—as ephebic. The earliest, brephic, stage is not
known.

Discussion.—The gross morphology and finely tra-
becular microstructure of Neaxon amsdeni place it in
the early, or laccophyllid, group of Neaxon s.1. It is
characterized by its small aulos and the moderate
thickness of its septa. It is morphologically close to
Neaxon foerstei (Merriam, 1973) from which it differs
in its larger size and relatively greater thickening of
septa and wall. The two species are of the same ap-
proximate age and from the same biogeographic
realm at a time when east—-west faunal exchanges
were taking place between the Appohimchi and
Great Basin provinces, and a close relationship is
not unlikely. Comparison with N. foerstei is difficult
because of the small size of the available samples
and the different modes of preservation. Neaxon
amsdeni is known only from thin sections of calcitic
specimens; N. foerstei is known from silicified speci-
mens etched from limestone. Nevertheless, the dif-
ferences seem great enough to warrant species level
separation.

The species is named for Thomas W. Amsden,
friend and fellow Devonophile for more than three
decades, to whom this festschrift is dedicated.

Distribution.—Known only from the Turkey Creek
Limestone (Pragian), southern Oklahoma, U.S.A.

Family ?Metriophyllidae Hill, 1939
sensu Hill, 1981, p. F189-F191.

Genus “Stereolasma”

1900 not Stereolasma Simpson, p. 205.
1989 Stereolasma Simpson (part). Oliver, 1989,
p-7-8.

Discussion.—Stereolasma Simpson is a lindstroemiid
(=stereolasmatid of Hill, 1981, p. F308), character-
ized by a cardinal fossula among other characters. It
is homeomorphic with the metriophyllid-lacco-
phyllid group, but only distantly related, if at all.
“Stereolasma” fereplena Oliver, 1989 (p. 7-8, pl. 5,
tigs. 1-8) lacks a fossula and is morphologically
closer to the metriophyllids than to Stereolasma. A
single specimen from the Turkey Creek Limestone
is morphologically like “S.” fereplena and may be
congeneric, but not conspecific, with it.

“Stereolasma” sp.
Plate 6

Material —Illustrated specimen, OU 10674, Turkey
Creek Limestone, Pragian, Marshall County, Okla-
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homa (same locality and collection as Neaxon ams-
deni).

Description.—The specimen has a solid axial struc-
ture formed by the axial ends of the major septa.
Minor septa are half the length of major septa and
contratingent; those adjacent to the counter sep-
tum are longest and form a distinct triad with the
counter septum. There are no septal flanges. The
septa have a distinct dark line and may be trabecu-
late, at least in part. The wall is lamellar and appar-
ently separate from the septa. There are marked
septal grooves on the outside of the wall. The calice
is moderately deep with no indication of a cardinal
fossula.

No longitudinal section is available, but there is
no suggestion of biform tabulae in any of the trans-
verse sections.

Discussion.—The single specimen described here is
strikingly different from all of the other rugose cor-
als in the Turkey Creek collection because of its
septal microstructure (dark line, ?trabecular), long
minor septa and distinct separation of septa and
wall. The significance of microstructural differences
in the metriophyllid-laccophyllid group is un-
known and controversial; the length of minor septa
is generally considered a generic character.

Tabulate Corals

Tabulates are even less common than rugose
corals in the Turkey Creek Limestone. Two incom-
plete specimens of Favosites are noted and illus-
trated. The only other tabulate seen in the collection
is a small fragment of a pachyporid (Pl. 7, Figs. 4,5),
possibly congeneric with “Trachypora” from the
Frisco Limestone.

Favosites sp. 1
Plate 7, Figures 1-3

Material —Two specimens, OU 10675 and 10676,
Turkey Creek Limestone, Pragian, Marshall County,
Oklahoma (same locality and collection as Neaxon
amsdent).

Description.—Maximum corallite diameter is 4.0-
4.5 mm, mural pores are common, and tabulae
are flat, spaced 1-2 mm apart. OU 10675 (P1. 7, Figs.
1,2) is a more or less complete young colony with
holotheca and calices; colony expands upward and
includes numerous offsets. OU 10676 (Pl. 7, Fig. 3)
is a fragment but also includes numerous offsets
and has holotheca on one side. It is conspecific with
the first specimen and also may be from a young
colony.
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PLATE 1

Neaxon sp. from the Lochkovian (New Scotland or Kalkberg Limestone), Schoharie,
New York.

Figures 1-3.—Serial transverse thin sections (x5) (USNM 454960); the cardinal septum
(as interpreted, see text) is toward the top of the page.
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PLATE 2

Neaxon amsdeni Oliver, new species, Turkey Creek Limestone, Pragian, Oklahoma
(Holotype, OU 4977).

Figure 1.—Longitudinal thin section of upper part of aulos and lower calice (x5).

Figures 2-5.—Serial transverse thin sections looking down (x10). 2—4, taken below the
longitudinal section, in descending order, oriented with cardinal septum toward the
top; 5, part of calice margin above the longitudinal section, position of cardinal septum
not known.
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PLATE 3

Neaxon amsdeni Oliver, new species, Turkey Creek Limestone, Pragian, Oklahoma (x5).
All transverse thin sections are oriented with the cardinal septum toward the top of the
page and with the viewer looking down.

Figures 1,2.—Transverse section taken just below the calice and lower longitudinal
section (Paratype, OU 4978).

Figures 3-5.—Serial transverse sections at intervals of 2-3 mm. 3, through lower calice;
4, at approximate base of calice; 5, lowest (Paratype, OU 4979).
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PLATE 4

Neaxon amsdeni Oliver, new species, Turkey Creek Limestone, Pragian, Oklahoma (x10)
(Paratype, OU 4980).

Figures 1-3.—Serial transverse thin sections, oriented as in Plate 3; taken below the lon-
gitudinal section, in descending order at 2-3 mm intervals. Preservation in middle
section is poor but shows the C-K orientation more convincingly than the others.

Figure 4.—Longitudinal thin section through lower calice and the upper part of the
aulos.
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PLATE 5

Neaxon amsdeni Oliver, new species, Turkey Creek Limestone, Pragian, Oklahoma.
Transverse thin sections oriented as in Plate 3.

Figures 1-3.—Neanic (Paratype, OU 4982). 1, near base of calice (x10); 2-3, ~5 mm
lower (x10, x25).

Figure 4.—Through middle calice, position of cardinal septum not known (x10) (Para-
type, OU 4981).

Figure 5.—Neanic, near base of calice (x10) (Paratype, OU 4983).
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PLATE 6

“Stereolasma” sp., Turkey Creek Limestone, Pragian, Oklahoma. Transverse thin sec-
tions oriented as in Plate 3 (OU 10674).

Figures 1-3.—Descending order at 2-3 mm intervals (x10).

Figure 4.—Middle section (Fig. 2) (x25).
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PLATE 7
Tabulate corals, Turkey Creek Limestone, Pragian, Oklahoma.
Figures 1-3.—Favosites sp. 1 (x3). 1-2 (OU 10675); 3 (OU 10676).

Figures 4,5.—Pachyporid, one branch seen in parallel sections (x10) (OU 4982).
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Lower Devonian Ostracoda in Western Tennessee
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ABSTRACT.—Analysis of hundreds of samples containing tens of thousands of ostracodes from 27
Jocalities in Lower Devonian strata of the Western Valley of Tennessee permits establishment of the
stratigraphic and geographic distribution of ostracode species in these rocks. This work further
aids in establishing refined age determinants and chronostratigraphic correlations with other
Devonian units of eastern North America.

The ostracode faunas in the “Rockhouse” Limestone, Rockhouse Formation, Birdsong Forma-
tion, and Ross Limestone consist of 51 species representing 35 genera. They are typical of North
American Midcontinental faunas belonging to the Appohimchi ostracode province, being domi-
nated by the Pachydomellidae and Thlipsuridae.

Detailed plots of the stratigraphic distribution of ostracodes within the Rockhouse Formation
and the content of that fauna indicate that the unit is entirely Lower Devonian and closely related
in age to the Birdsong Formation. Meager evidence indicates that the lower beds of the Rockhouse
Formation are somewhat older than lower Birdsong strata.

The Birdsong ostracode fauna strongly indicates that the Birdsong Formation is time-correla-
tive with the Haragan Formation of Oklahoma and the Kalkberg Limestone of New York. All of the
12 species from the Ross Limestone and all of the 18 species from the “Rockhouse” Limestone are
present in the Birdsong and Haragan Formations. The paleontologic evidence, as well as litho-
stratigraphic evidence, demonstrates that the “Rockhouse” Limestone, Rockhouse Formation, Ross

Limestone, and Birdsong Formation are facies of a single depositional episode.

INTRODUCTION

Lower Devonian marine rocks exposed along
the Western Valley of Tennessee (Text-fig. 1; Table
1) range in lithology from calcareous mudstones to
skeletal packstones/grainstones and siliceous mud-
stones. This sequence of rocks is known for its
abundant and diversified fauna, of which ostra-
codes are an important constituent. The purpose of
this report is to summarize the content of the ostra-
code fauna and to evaluate its significance in age
determination and chronostratigraphic correlation
of the Tennessee sequence with other North Ameri-
can Lower Devonian sequences.

The first contribution to the stratigraphy of the
Western Valley of Tennessee was made by Safford
(1851). He placed all strata below the “black” shale
(Chattanooga Shale) in one unit, the Harpeth Lime-
stone, although he realized that the unit probably
included Upper Silurian and Lower Devonian
strata. Safford (1856,1869) refined his initial work in
the Western Valley of Tennessee and recognized for
the first time the presence of Helderbergian rocks in
Tennessee. Helderbergian strata were first formally
named by Safford and Killebrew (1876,1900) when
they applied the name Linden to the sequence.

They considered these strata to be Silurian, how-
ever. Foerste (1903) subdivided the Linden unit into
two formations, the Ross Limestone and the Py-
burn Limestone.

The first detailed work on the Lower Devonian
of western Tennessee was that of Dunbar (1917,1918,
1919,1920). Dunbar divided Safford and Killebrew’s
(1876,1900) Linden unit into three formations: the
Rockhouse Shale, the Olivehill Formation, and the
Birdsong Shale. He further subdivided the Olivehill
Formation into three members: the Ross Limestone,
the Bear Branch-Pyburn Limestone, and the Flat
Gap Limestone. Dunbar placed 2all of these units
into the Lower Devonian.

The most comprehensive recent work on the
Lower Devonian of western Tennessee was done
by Wilson (1949). Wilson revised Dunbar’s (1918,
1919) interpretation of the Helderbergian stratigra-
phy and placed all of Dunbar’s units in a single for-
mation, the Ross Formation, reducing all other
units to member rank. The latter include the Bird-
song Shale, Ross Limestone, Bear Branch Lime-
stone, Decaturville Chert, and Rockhouse Shale.
Other revisions made by Wilson (1949) include (1)
the recognition of the basal limestone portion of the
Birdsong Shale as a separate unit, which he named
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Text-figure 1. Map showing the location in the Western Valley of Tennessee of sections sampled for this
study. Sections PW; and PW,, are the same localities sampled during different field seasons. The same is

true for sections PW, and PW,,.
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TABLE 1. — GEOGRAPHIC LOCATION OF LOWER DEVONIAN SECTIONS
UsED IN THIS INVESTIGATION

Tennessee Coordinate System

Quadrangle Section Reference Points
Chestnut Grove CG2 469 500 1 460 500
Counce CO2 256 342 1 325 684
Jeannette .I2 481 400 1 401 800

g 479 400 1 374 900
e 456 200 1 395 200
I 469 900 1 379 100
g 485 600 1 6403 300
Lobelville LOg 500 000 1 469 200
LO6 509 200 1 472 700
Olivehill 010 327 421 1 394 553
044 326 631 1 399 921
Pickwick PH3(PH3a) 270 947 1 355 184
PH4(PH43) 265 342 1 363 000
USNM 174688*
Pine View PV2 494 500 1 411 400
Poplar Creek PC1 723 200 1 384 200
Rockport R1 563 500 1 372 300
Ry 546 900 1 371 500
Ry 565 200 1 382 800
R, 565 200 1 381 800
Rg 570 200 1 391 700
Savannah Sg 282 921 1 338 842
89 282 919 1 338 526
Sugar Tree ST1 509 600 1 381 900
ST2 510 200 1 381 600
ST 506 400 1 379 400
T, 504 400 1 374 000

*Precise locality information for USNM 174688 is not available. The sample is known to be from a locality

close to or at section PWj3.

NOTE: All the locations are given in terms of the Tennessee Coordinate System. Two sets of reference
points are given. The first set represents the north reference point; the second set represents the east-west
reference point. The base point for the system is located at the intersection of long 86°00"W. and lat 34°40'N.
near Scottsboro, Alabama. This point is assigned the values 2,000,000 ft east and 100,000 ft north. The
location of each of the sections is expressed with reference to its distance east or west and north of this base

point.

the “Rockhouse” Limestone; (2) the recognition of
the Birdsong Shale and Ross Limestone as lateral
facies; (3) the recognition of the Rockhouse Shale
and “Rockhouse” Limestone as lateral facies; (4)
interpretation of the Bear Branch facies as a local,
hematitic facies of the Ross Limestone; (5) recogni-
tion of the Pyburn Limestone as a synonym of the
Ross Limestone; (6) the correct interpretation that
the Flat Gap Limestone overlies rather than under-
lies (as indicated by Dunbar, 1919) the Birdsong

Formation; and (7) placement of the Decaturville
Chert as a “zone” within the Birdsong Shale and
Ross Limestone. Wilson (1949) considered the Ross
Formation with all its members to be Lower Devo-
nian.

Broadhead and others (1988) accepted Wilson's
(1949) interpretation of the stratigraphic relation-
ships among the members of the Ross Formation,
but disagreed with respect to the relationship be-
tween the Ross Formation and underlying Decatur



164

Limestone. Wilson (1949) interpreted the Ross—
Decatur contact as unconformable. He placed the
Ross Formation in the Lower Devonian and consid-
ered the Decatur Limestone to be Upper Silurian.
Based on the presence of the conodont Icriodus
woschmidti in the uppermost Decatur Limestone at
Parsons Quarry (section Js) (Text-fig. 1; Table 1) and
the lower part of the “Rockhouse” Limestone mem-
ber at Olivehill (section Oyg) (Text-fig. 1; Table 1),
Broadhead and others (1988) interpreted the Ross-
Decatur to be conformable and the “Rockhouse”
Limestone and Rockhouse Shale members to be at
least partial facies of the Decatur Limestone. Fur-
thermore, McComb and Broadhead (1981) and
Broadhead and others (1988) considered the upper-
most portion of the Decatur Limestone to be Early
Devonian in age at its northernmost exposures and
the lower part of the Ross Formation to be Late Silu-
rian in age at its southernmost exposures.

Additional studies by Walker and Pruitt (1975)
and Gibson and others (1988) consist of detailed
stratigraphic and petrologic studies of the Decatur
Limestone and “Rockhouse” Limestone and Bird-
song Shale members of the Ross Formation at the
Parsons Quarry exposure (section J5) (Text-fig. 1;
Table 1).

Wilson’s (1949) basic interpretation of the Bird-
song Shale and Ross Limestone and the Rockhouse
Shale and “Rockhouse” Limestone, respectively, as
lateral facies is herein considered correct. Further-
more, evidence accumulated during our investiga-
tion suggests that Wilson’s “Rockhouse” Limestone
and the Birdsong Shale are at least partial facies of
each other. Some paleontological evidence suggests
the same is true of the Ross Limestone and Rock-
house Shale. Although Wilson’s (1949) interpreta-
tion of the physical stratigraphy is basically correct,
his terminology is confusing and obscures the rela-
tionships of the units to each other. Accordingly, all
the units, with the exception of the Bear Branch fa-
cies, which Wilson included in the Ross Formation,
should be elevated to formational status (Text-fig. 2).

The stratigraphic terminology shown in Text-
figure 2 is justified as follows:

1) “Rockhouse” Limestone.—The term Rock-
house should not be used because the same name is
used for another unit (Rockhouse Formation) of a
different lithology in a different geographic area.
Proposing a new name is beyond the scope of this
paper, so we use “Rockhouse” Limestone in quota-
tions for rocks assigned by Wilson (1949) to the
Rockhouse Limestone Member of his Ross Forma-
tion.

2) Birdsong Formation.—The unit exhibits di-
verse lithologies, therefore Birdsong Formation is
preferred. The unit fulfills all requisites of the defi-
nition of a formation.

3) Rockhouse Formation.—As used herein, this
unit is the same as Wilson's (1949) Rockhouse Shale
Member of his Ross Formation and Dunbar’s (1919)
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Rockhouse Shale. Although the outcrop area is
small, the unit maintains a consistent stratigraphic
position between the subjacent Decatur Limestone
and superjacent Ross Limestone and is easily distin-
guished by lithologic differences. There is no true
shale in the unit; accordingly, Rockhouse Forma-
tion is preferred.

4) Ross Limestone.—This unit is lithologically a
fine-grained, siliceous limestone with mudstone
partings and is exposed in the southern portion of
the Western Valley of Tennessee. The use of Ross
Formation (Wilson, 1949) to embrace all units listed
above, as well as others, is confusing and should be
discouraged. Ross Limestone as used herein is cor-
relatable to the Ross Limestone Member (Wilson,
1949) and the Ross Limestone and Pyburn Lime-
stone as used by Dunbar (1919).

5) Bear Branch Facies.—This is recognized as a
local hematitic facies of the Ross Limestone as indi-
cated by Wilson (1949) and Broadhead and others
(1988).

LOWER DEVONIAN OSTRACODA
Previous Work

Ostracodes were first described from the Ten-
nessee Lower Devonian sequence by Wilson (1935).
Wilson’s work was based on only five Birdsong
Formation localities for which no stratigraphic in-
formation was presented. Cursory examination of
a large number of samples yielded many species
not reported by Wilson. Since Wilson’s work, the
Birdsong ostracode fauna has been referred to by
numerous workers (e.g., Sohn, 1960,1961; Cope-
land, 1962,1977; Lundin, 1965,1968,1971; Lundin
and Newton, 1970; Berdan, 1983,1986,1990). Rock-
house Formation ostracodes were described and
evaluated for the first time by Lundin and Petersen
(1974). Lists of Ross Limestone and “Rockhouse”
Limestone ostracodes presented herein represent
the first report of ostracodes from these units.

Limitations

The most abundant and diversified collections of
ostracodes from this sequence are from the calcare-
ous mudstones of the Rockhouse Formation and
Birdsong Formation. Ostracode collections from the
“Rockhouse” Limestone are limited to mudstone
partings from several sections. Ross Limestone
ostracodes are known from three sections (O, Oy,
and CO,) (Text-fig. 1; Table 1). Accordingly, geo-
graphic and stratigraphic information is primarily
based on Rockhouse Formation and Birdsong For-
mation collections.

Taxonomy

The Lower Devonian ostracode faunas of west-
ern Tennessee contain eight new species and one
new genus. Formal definition of these species is
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North

South

Flat Gap Limestone or Younger Devonian Units

Birdsong
Formation

Lower Devonian
Helderbergian

Limestone

“*Rockhouse”

Bear Branch
Facies

Ross Limestone

Rockhouse
Formation

Text-figure 2. Diagram showing schematically the stratigraphic relationships of Lower Devonian units in the
Western Valley of Tennessee. The facies boundary between the Ross Limestone and “Rockhouse” Lime-
stone/Birdsong Formation occurs in the northern part of Hardin County (see Text-fig. 1). General thickness
of sequence (excluding Flat Gap and younger units) is 50-70 ft. Diagram not to scale.

beyond the score of this paper, and they are left in
open nomenclature. The new species are referred to
on the faunal lists by the designation “n. sp.” The
form that represents the new genus is designated as
Genus A n. sp. 1. In addition, generic placement of
several previously reported species will certainly
change when detailed systematic studies, presently
underway, are published. The generic placements
of these species on the faunal lists are shown in
quotation marks.

All illustrated specimens are in the type collec-
tions of the Department of Geology, Arizona State
University (ASU), Tempe, Arizona.

Faunal Content

The Lower Devonian ostracode faunas of west-
ern Tennessee consist of 51 species representing
35 genera (Pls. 1-4). Evaluation of these faunas
shows clearly that they are typical of Early Devo-

nian ostracode faunas of the North American Mid-
continent with respect to number and kinds of taxa
included (Lundin, 1971). The faunas are easily cor-
related with Berdan’s (1990) mixed association
ostracode ecotype and are part of the Appohimchi
ostracode province. Berdan (1990) related ostracode
associations to water depth and interpreted the
mixed association ecotype to be indicative of nor-
mal marine environments below wave base. This
interpretation of the western Tennessee ostracode
faunas contained in the Lower Devonian mudstone
sequences is consistent with Broadhead and others’
(1988) depositional interpretation for the Birdsong
Formation and Rockhouse Formation.

In terms of the numbers of individuals, the
Lower Devonian ostracode faunas of western Ten-
nessee are like those of Oklahoma. The Pachydo-
mellidae and Thlipsuridae contribute 17 species to
the fauna and the Pachydomellidae dominate the
fauna in number of individuals. Thousands of
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specimens of Phanassymetria triserrata Roth (Pl. 3,
Fig. 14) and Tubulibairdia simplex (Roth) (P1. 3, Fig. 9)
are present. Likewise, moderate to large numbers
(thousands) of thlipsurid specimens, including spe-
cies of Neothlipsura Krandijevsky, Eucraterellina
Wilson, Rothella Wilson, and Thlipsorothella Lundin
and Petersen (see Pl. 4) are also present. Thus, al-
though the Beyrichicopina dominate the fauna in
number of taxa, the fauna is dominated in number
of individuals by the Metacopina and Podocopina.

Table 2 shows the species present in the Rock-
house Formation, “Rockhouse” Limestone, Ross
Limestone, and Birdsong Formation.

Geographic Distribution

Data on the geographic distribution of ostra-
codes are available only for the Birdsong Forma-
tion. Significant observations on geographic distri-
bution of ostracodes in the Rockhouse Formation
are prohibited by the limited outcrop area of the
unit (Lundin and Petersen, 1974). Likewise, the
small number of “Rockhouse” Limestone and Ross
Limestone samples which yielded ostracodes pro-
hibits evaluation of geographic distribution of
ostracodes from these units.

The abundance of ostracodes in the Birdsong
Formation varies greatly from one locality to an-
other. Ostracodes are most abundant in samples
from northern Decatur County and southern Ben-
ton County (Text-fig. 1). Large collections of ostra-
codes have also been recovered from the southern-
most exposure of the Birdsong (section Oyg) (Text-
fig. 1). The northernmost exposures (PC; and Rs)
and the easternmost exposures (CG;, LOs, and LO,)
were not especially productive (Text-fig. 1). The
largest and best preserved collections come gener-
ally from the more complete exposures and from
glades.

Qualitatively, the ostracode fauna is similar
throughout the area in which the Birdsong is ex-
posed; the principal variation is in abundance. Geo-
graphically restricted species are generally those
species that are poorly represented and, therefore,
their geographic distribution cannot be properly
evaluated.

Stratigraphic Distribution

Text-figures 3 and 4 summarize the stratigraphic
distribution of ostracodes in the Rockhouse and
Birdsong Formations, respectively. Lundin and
Petersen (1974) discussed the kinds of data avail-
able on the stratigraphic distribution of Rockhouse
Formation ostracodes and concluded that there is
no sound evidence, based on ostracodes, for a bio-
stratigraphic subdivision of the unit in its outcrop
area.

Several comments on the construction of the
chart summarizing the stratigraphic distribution of
Birdsong Formation ostracodes (Text-fig. 4) are nec-
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essary. Wherever possible, the species distributions
were plotted from sections in which contacts were
well defined. However, in most instances, the top
contact of the Birdsong is poorly defined or cov-
ered. Dunbar (1919), Wilson (1949), and Broadhead
and others (1988) have presented evidence that
beds rich in bryozoans occur in the upper Birdsong.
In the most complete sections used in this study,
the bryozoan beds vary from 33 to 46 ft above the
base of the formation, thus substantiating Dunbar’s
(1919), Wilson’s (1949), and Broadhead and others’
(1988) observations. Some sections have neither
contact exposed, but due to the presence of the
bryozoan beds are considered to be in the upper
portion of the Birdsong. Where incomplete sections
are used to define the distribution of a species, the
bryozoan beds are considered to range between 33
and 46 ft above the base of the formation. Occur-
rences of ostracodes in samples from this interval
{and in other samples) for which precise stratigraphic
position is uncertain are shown on Text-figure 4 by
dashed lines. Where a species is known from only
one sample, its occurrence is shown by an “x.”

Examination of the distribution of the Birdsong
species (Text-fig. 4) clearly shows that most of the
common elements of the fauna range throughout
or nearly throughout the formation. With a few ex-
ceptions, those species that have restricted strati-
graphic distributions are poorly represented in the
fauna and the significance of their stratigraphic dis-
tribution is problematical.

Age and Correlation

Table 2 shows the occurrence of the Tennessee
Lower Devonian species in other formations. Ber-
dan (1983,1990) stressed the importance of compar-
ing faunas from simjlar environmentally controlled
associations for the purpose of time correlation and
zonation by ostracodes. Berdan’s work on North
American lower Paleozoic ostracode provinicial-
ism together with the studies of Lundin (1971),
Polenova (1971), Berdan (1972), and Copeland and
Berdan (1977) provide the basis for many of our
conclusions on the age and correlation of the Lower
Devonian of western Tennessee.

Dunbar (1919), Amsden (1958), and Boucot and
Johnson (1967) have correlated the Birdsong For-
mation with the Haragan Formation of Oklahoma
and the Kalkberg/New Scotland Formations of
New York on the basis of brachiopods. More re-
cently, Lundin (1968) substantiated these correla-
tions with his study of the Haragan ostracodes. Our
study confirms age correlations which have been
made previously. Of the 38 previously reported
species present in the Birdsong, 23 occur in the Hara-
gan and 12 are present in the Kalkberg Limestone
of New York. Species and family abundance are
also similar to those of the Haragan and the Kalk-
berg. There is little species-level similarity (one or
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\\STRATIGRAPHIC .
POSITION z
<
~
Feet Above Base of Formation i I ;
SPECIES e
0 5 10 5] |* |2
| 1 | 1
Bollia rockhousensis
Condracypris binoda x| x| x
C. simplex x| X
Eucraterellina oblonga X
E. randolphi X
E. spitznasi —
Huntonella bransoni x X
Kirkbyella obliqua X|X|X]|X
Libumella huntonensis X|X
Neothlipsura furca — X X | X
Parabolbina scotti x X | x
Paraechmina lacia x X
Parulrichia magnoarenaria x X x| x
Phanassymelria triserrata x| x!x|x
P. umbonis XIX|X
Placentella circa X 1X
Psilokirkbyella primaeva
Reticestus planus X
Thlipsorothella fossata X X
Thlipsuropsis inaequalis x
Tubulibairdia simplex XIXIx|Xx

Text-figure 3. Chart showing stratigraphic distribution of ostracodes in the Rockhouse Formation. Samples
PW;_.; and PW3,.; are from the upper half of the Rockhouse Formation. The stratigraphic position of samples
USNM 174688 and Sg within the Rockhouse Formation is not known. Small x's represent stratigraphic occur-
rence of species known from only one precisely located sample.
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two species) between the Birdsong and New Scot-
land Formation faunas. This statement, however, is
based upon analysis of only small New Scotland
collections. A facies relationship between the Kalk-
berg and the New Scotland has been substantiated

wunennmc

POSITION Feet Above Base
of Formation
«
SPECIES .18 20 30 40

Aechmina longispina —— -

“Bairdiacypris” n. sp. ———— — - -
“Bairdiocypris” transversus —— - ]
Bicornella holladayi —————
Chironiptrium n. sp.

Condracypris coalensis
C. simplex f———— " —
Dizygopleura cf. D. chaleurensis

D. n. sp.

Eucraterellina oblonga -
E. n. sp.
E. randolphi ——————
Huntonella bransoni [rr—————— —
Kirkbyella obliqua
Krausella n. sp. —
Libumella huntonensis —

Longiscula kershavii — — " —
Microschmidtella hami x
M. spicaferella
Neothlipsura furca | S ——
Parabolbina scotti
Paraechmina lacia x
P. n. sp.

Parahealdia quaesita —

“Paraparchites” triangulatus =
Parulrichia jugaloidea
P. magnoarenaria e —
Phanassymetria triserrata

- —
Placentella circa - - .1
“Placentella” elliptica
“Pontocypris” delicata —
Prosumia bentoni

Psilokirkbyella magnopunctat. -

P. primaeva
Reticestus planus
R. retiferus

Rothella obliqua
R. obtusa

Thii thella fc "

Thlipsurella putea

Thlipsuropsis glenni
T. cf. T. inaequalis ———— —
Tubulibairdia simplex ——— — —
Ulrichia n. sp. (RS —

Genus A n.sp. 1 N EETTE——

Text-figure 4. Chart showing stratigraphic distribution
of ostracodes in the Birdsong Formation.
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by Rickard (1962) and Epstein and others (1967),
indicating that the differences between the New
Scotland fauna and the faunas of the Birdsong and
Kalkberg are more environmental than temporal.

Lundin and Petersen (1974) have presented evi-
dence which leads us to reject the conclusions of
Cooper and others (1942), Berry and Boucot (1970),
and Broadhead and others (1988) that the Rock-
house Formation is Silurian and of Boucot and
Johnson (1967) that the Silurian-Devonian bound-
ary lies within the Rockhouse Formation. Of the 21
species reported from the Rockhouse, 19 are known
from the Haragan and/or Birdsong Formations.
Only two of the 21 species in the Rockhouse fauna
have been reported from Silurian rocks elsewhere.

Boucot and Johnson (1967) and Broadhead and
others (1988) concluded that the Rockhouse Forma-
tion is entirely older than the Birdsong Formation.
Lundin and Petersen (1974) presented paleonto-
logic and lithostratigraphic evidence suggesting
that the lower beds of the Rockhouse Formation
may be somewhat older than the oldest Birdsong
beds. Nevertheless, the ostracode evidence demon-
strates that the Rockhouse Formation is closely re-
lated in age to the Birdsong (Table 2).

Although we do not have large collections of
ostracodes from the “Rockhouse” Limestone and
Ross Limestone and the stratigraphic distribution
of the ostracodes in these units is incompletely
known, the units are most likely the same age as the
Rockhouse and Birdsong Formations (see Table 2).
Boucot and Johnson (1967) suggested that the Ross
is time-equivalent with the Coeymans Limestone.
On the basis of the first stratigraphic appearance of
Icriodus woschmidti, Broadhead and others (1988)
concluded that the lower part of the “Rockhouse”
Limestone is Late Silurian in age at its southern-
most exposures. Icriodus woschmidti is the index to
the woschmidti zone of latest Silurian to earliest
Devonian age (Klapper and Johnson, 1980). Its reli-
ability in marking the base of the Devonian is lim-
ited by the fact that the direct ancestor to Icriodus
woschmidti is unclear (Klapper and others, 1971,
Broadhead and McComb, 1983). Ostracode evi-
dence presented here (Table 2) and lithostrati-
graphic evidence lead us to reject Boucot and John-
son’s (1967) chronocorrelation of the Ross Lime-
stone with the Coeymans Limestone of New York
as well as Broadhead and others’ (1988) Late Silu-
rian age assignment of the lower portion of the
“Rockhouse” Limestone at its southernmost expo-
sures.

The data presented in Table 2 overwhelmingly
favor chronocorrelation of the Tennessee Lower
Devonian units with the Haragan/Bois d’ Arc For-
mations of Oklahoma and the Kalkberg/New Scot-
land Formations of New York. Further work on the
ostracode faunas of the Appalachian area should
strengthen the chronocorrelations that have been
made between these units.
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SUMMARY

Detailed field investigations and analysis of a
large and diversified ostracode fauna indicate the
Birdsong Formation, Rockhouse Formation, “Rock-
house” Limestone, and Ross Limestone represent
facies of a single depositional episode.

The Lower Devonian ostracode fauna consists of
42 previously reported species representing 34 gen-
era, plus nine new species and one new genus. The
Metacopina and Podocopina dominate the fauna in
number of individuals and the Beyrichicopina con-
tribute the most taxa. The most important family in
terms of number of individuals is the Pachydomel-
lidae and, in terms of species diversity, the Thlip-
suridae. Comparison of the fauna with the ostra-
code fauna of the Haragan Formation of Oklahoma
substantiates Lundin’s (1968) conclusion on the
chronocorrelation of these units. Likewise, com-
parison with a large ostracode fauna from the Kalk-
berg Limestone of New York permits chronocorre-
lation of those two sequences.

Stratigraphic distribution of species in the Rock-
house and Birdsong Formations shows that no rec-
ognizable faunal zonation exists. Species that are
abundant in the fauna range throughout or nearly
throughout the formations. Species with a restricted
stratigraphic distribution are generally poorly rep-
resented in the fauna. There appears to be no defi-
nite geographic restriction of the Birdsong faunal
elements within the outcrop area. Variation in abun-
dance, however, does occur.
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PLATE 1

All illustrated specimens are adults and, unless indicated otherwise, are from the
Birdsong Formation. All illustrated specimens are in the type collections of the
Department of Geology, Arizona State University (ASU), Tempe, Arizona.

Figure 1.—Huntonella bransoni Lundin. Lateral view of female right valve (x27) (ASU
X-155).

Figure 2.—Aechmina longispina Coryell and Cuskley. Lateral view of left valve (x45)
(ASU X-191).

Figure 3.—Placentella circa (Coryell and Cuskley). Lateral view of left valve (x81) (ASU
X-151).

Figure 4.—Paraechmina n. sp. Lateral view of left valve (x39) (ASU X-154).

Figure 5.—Paraechmina lacia Wilson. Lateral view of right valve (x45) (ASU X-152).
Figure 6.—"Placentella” elliptica Wilson. Lateral view of left valve (x68) (ASU X-153).
Figure 7.—Bicornella holladayi (Wilson). Lateral view of left valve (x109) (ASU X-150).
Figure 8.—Ulrichia n. sp. Lateral view of left valve (x81) (ASU X-156).

Figure 9.—Chironiptrum n. sp. Lateral view of right valve (x59) (ASU X-164).

Figure 10.—Bollia rockhousensis Lundin and Petersen. Lateral view of left valve from
the Rockhouse Formation (x81) (ASU X-32).

Figure 11.—Parabolbina scotti Lundin. Lateral view of female? right valve (x56) (ASU
X-163).

Figure 12.—Parulrichia jugaloidea (Wilson). Lateral view of right valve (x45) (ASU X-
158).

Figure 13.—Parulrichia magnoarenaria (Wilson). Lateral view of right valve (x35) (ASU
X-161).



Lower Devonian Ostracoda in Western Tennessee 173




174

L. E. Petersen and R. F. Lundin

PLATE 2

All illustrated specimens are adults and, unless indicated otherwise, are from the
Birdsong Formation. All illustrated specimens are in the type collections of the
Department of Geology, Arizona State University (ASU), Tempe, Arizona.

Figure 1.—Parahealdia quaesita (Roth). Lateral view of female right valve (x43) (ASU X-
176).

Figures 2,3.—Genus A n. sp. 1. 2, posterior view of carapace (x63) (ASU X-193); 3, left
lateral view of carapace (x64) (ASU X-192).

Figure 4.—Dizygopleura n. sp. Right lateral view of carapace (x40) (ASU X-170).

Figure 5.—Dizygopleura cf. D. chaleurensis Copeland. Left lateral view of carapace (x46)
(ASU X-162).

Figure 6.—Krausella n. sp. Right lateral view of carapace (x30) (ASU X-181).

Figure 7.—" Paraparchites” triangulatus Wilson. Left lateral view of carapace (x86) (ASU
X-160).

Figure 8.—Bairdiacypris n. sp. Right lateral view of carapace (x58) (ASU X-177).

Figure 9.—Psilokirkbyella magnopunctata (Wilson). Lateral view of right valve (x73)
(ASU X-159).

Figure 10.—Psilokirkbyella primaeva Lundin and Petersen. Lateral view of left valve
from the Rockhouse Formation (x83) (ASU X-42).

Figure 11.—Kirkbyella (Berdanella) obligua (Coryell and Cuskley). Lateral view of right
valve (x71) (ASU X-157).

Figure 12.—Libumella huntonesis (Roth). Lateral view of left valve (x43) (ASU X-167).
Figure 13.—Resticestus planis (Wilson). Left lateral view of carapace (x50) (ASU X-165).

Figure 14.—Resticestus retiferus (Roth). Left lateral view of carapace (x51) (ASU X-166).
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PLATE 3

All illustrated specimens are adults and, unless indicated otherwise, are from the
Birdsong Formation. All illustrated specimens are in the type collections of the
Department of Geology, Arizona State University (ASU), Tempe, Arizona.

Figure 1.—Microschmidtella hami Lundin. Lateral view of left valve (x125) (ASU X-168).

Figure 2.—Microschmidtella spicaferella (Wilson). Lateral view of left valve (x98) (ASU
X-169).

Figure 3.—"Bairdiocypris” transversus (Roth). Right lateral view of carapace (x44) (ASU
X-172).

Figure 4.—"Pontocypris” delicata Wilson. Right lateral view of carapace (x60) (ASU X-
171).

Figure 5.—Prosumia bentoni (Wilson). Lateral view of left valve (x58) (ASU X-180).
Figure 6.—Condracypris simplex Roth. Right lateral view of carapace (x27} (ASU X-178).

Figures 7,8.—Longiscula kershavii (Wilson). 7, right lateral view of carapace (x31) (ASU
X-173); 8, left lateral view of carapace (x35) (ASU X-174).

Figure 9.—Tubulibairdia simplex (Roth). Right lateral view of carapace (x32) (ASU X-
179).

Figure 10.—Condracypris coalensis Lundin. Lateral view of right valve (x34) (ASU X-
194).

Figure 11.—Condracypris binoda Roth. Lateral view of right valve from the Rockhouse
Formation (x29) (ASU X-60).

Figures 12,13.—Phanassymetria umbonis Lundin and Petersen. 12, lateral view of left
valve from the Rockhouse Formation (x35) (ASU X-51); 13, lateral view of right valve
from the Rockhouse Formation (x34) (ASU X-50).

Figure 14.—Phanassymetria trisserrata Roth. Left lateral view of carapace from the
Rockhouse Formation (x41) (ASU X-47).
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PLATE 4

All illustrated specimens are adults and, unless indicated otherwise, are from the
Birdsong Formation. All illustrated specimens are in the type collections of the
Department of Geology, Arizona State University (ASU), Tempe, Arizona.

Figure 1.—Eucraterellina n. sp. Lateral view of right valve (x68) (ASU X-175).

Figure 2.—Fucraterellina spitznasi Lundin. Lateral view of right valve from the Rock-
house Formation (x74) (ASU X-45).

Figure 3.—Eucraterellina randolphi Wilson. Right lateral view of carapace (x52) (ASU X-
187).

Figure 4.—THhlipsorothella fossata. (Roth). Lateral view of right valve from the Rock-
house Formation (x31) (ASU X-49).

Figure 5.—FEucraterellina oblonga (Ulrich and Bassler). Right lateral view of carapace
(x64) (ASU X-186).

Figure 6.—Thlipsurella putea Coryell and Cuskley. Lateral view of left valve (x73) (ASU
X-182).

Figures 7,8.—Thlipsuropsis cf. T. inaequalis (Ulrich and Bassler). 7, right lateral view of
carapace (x68) (ASU X-185); 8, lateral view of left valve (x64) (ASU X-184).

Figure 9.—Neothlipsura furca (Roth). Lateral view of right valve (x53) (ASU X-188).

Figure 10.—Thlipsuropsis glenni (Wilson). Left lateral view of carapace (x55) (ASU X-
183).

Figure 11.—Thlipsuropsis inaequalis (Ulrich and Bassler). Lateral view of left valve from
the Rockhouse Formation (x49) (ASU X-54).

Figure 12.—Rothella obliqua (Roth). Left lateral view of carapace (x28) (ASU X-190).
Figure 13.—Rothella obtusa Wilson. Left lateral view of carapace (x30) (ASU X-189).
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Middle and Late Ordovician Conodonts from Southwestern
Kansas and Their Biostratigraphic Significance

Walter C. Sweet
The Ohio State University

ABSTRACT.—Distribution of conodonts in Middle and Upper Ordovician rocks at 17 Kansas sub-
surface localities enables recognition and correlation of three informal stratigraphic units. Subsur-
face unit A, the lowest, correlates with the late Whiterockian (Chazyan) McLish Formation of the
Arbuckles in southern Oklahoma. Subsurface unit B yields the conodont fauna of the Glenwood,
Platteville, and lower Decorah Formations of southeastern Minnesota. Subsurface unit C, an un-
named member of the Viola Group of late Edenian and early Maysvillian age, is part of a wide-
spread carbonate body best known at localities west of the Transcontinental Arch. A fourth unit,
identified as Maquoketa, occurs above unit C at one locality studied, but its age is not controlled
by conodonts. Temporal relations between units A, B, and C, are determined graphically, and a
continuous core through subsurface unit C in Stanton County, Kansas, is regarded as a local ref-

erence section.

INTRODUCTION

Rocks of Middle and Late Ordovician age are
the most widely distributed Paleozoic deposits in
North America. In vast areas of the Midcontinent,
however, no Ordovician strata crop out at the sur-
face and our knowledge of their lithic features, fos-
sil content, and geographic distribution depends
entirely upon information from well cuttings, bore-
hole cores, and various types of geophysical logs.
Because it is difficult to obtain large, well-controlled
collections of microfossils from well cuttings and
impossible to effect detailed biostratigraphic stud-
ies from either well cuttings or geophysical logs, it
has not been possible thus far to fit collections from
subsurface samples into high-resolution Ordovi-
cian chronostratigraphic networks with the same
precision routinely obtained from studies of surface
exposures. It is thus of considerable interest to have
been able to sample and collect conodonts from
two long, continuous borehole cores from south-
western Kansas, which include complete sections of
Upper Ordovician strata referable to the Viola
Group. Stratigraphic information from these closely
sampled subsurface sections enables establishment
of well-controlled local reference sections in south-
western Kansas for a part of the Upper Ordovician
and thereby facilitates reasonable correlations of
Middle and Upper Ordovician rocks sampled at
several additional sites in Kansas.

MATERIALS AND METHODS

The first part of this report is based on samples
taken from two long cores drilled in Stanton and
Haskell Counties, southwestern Kansas (Fig. 1, lo-

calities M and N). These cores include 62 m to at
least 76 m of cherty, vuggy, dark gray dolomite
herein referred to an unnamed subsurface unit C of
the Viola Group.

The McPherson and Citizens State Bank core—
referred to as the “McPherson core”—(Fig. 1, local-
ity M) is a continuous record of Paleozoic strata in
this part of Kansas. It was completed by Amoco
Petroleum Co. in January 1984, in Stanton County,
Kansas. In addition to 62 m of Viola Group strata,
the McPherson core includes a continuous, 214-m
section of carbonate strata referred tentatively to
the Arbuckle Group. In May 1984, Mark A. Frye
and I sampled, at intervals of ~2 m, Arbuckle
Group and Viola Group strata penetrated by the
McPherson core. The samples were processed in
acid and heavy liquid in the Amoco laboratories
in Tulsa, Oklahoma, under the supervision of H.
Richard Lane. I searched acid-insoluble residues
from Viola Group strata and collected from them
the 3,710 Upper Ordovician conodont elements
identified in this report. Conodonts from Arbuckle
Group samples are under study and will be de-
scribed elsewhere.

The Ray Brian No. 1 core—referred to as the
“Brian core”—(Fig. 1, locality N), drilled by Amoco
in Haskell County, Kansas, penetrates at least 76 m
of Upper Ordovician rock referred here to subsur-
face unit C of the Viola Group. The core was sam-
pled by personnel in the Amoco research facility in
Tulsa, who also processed the samples in acid and
collected conodont elements from the resulting resi-
dues. I have little information on lithology from this
core. My principal function has been to identify the
species represented in the 19 Upper Ordovician
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samples collected from the Brian core and to pro-
vide a biostratigraphic assessment of the interval
studied.

The second part of this report is a general bio-
stratigraphic interpretation of Simpson Group
strata, which intervene between Viola Group and
Arbuckle Group rocks at localities A-D and L of
Figure 1. Samples that provide the basis for this
part of the present report were collected in 1968 and
processed in acid by personnel of the State Geo-
logical Survey of Kansas, under the supervision of
Senior Geologist Edwin D. Goebel. In 1971, I began
a study of the conodont elements recovered from
these samples, but a report was shelved because a
majority of the species were then undescribed and
unnamed. Materials from the Kansas subsurface
are abundant and mostly well-enough preserved to
serve as primary type specimens; however, I feel
that such types should be derived, if possible, from

surface exposures that are accessible for recollecting
by others. In recent years, ail the conodont species
represented in Simpson Group strata in the Kansas
subsurface have been described from surface mate-
rials (Sweet, 1979b,1982; Amsden and Sweet, 1983;
Bauer, 1987a,b,1989), so it is now appropriate to
summarize their biostratigraphic distribution.

In relating sections to one another biostrati-
graphically, I have for some years utilized graphic
correlation (Shaw, 1964), and that procedure is fol-
lowed here. Sweet (1979b) first attempted to build a
network of Upper Ordovician sections through
graphic correlation; later Sweet (1984) outlined a
more elaborate biostratigraphic framework for the
Middle and Upper Ordovician of North America
assembled through study of the distribution of co-
nodonts at some 61 localities. Unpublished studies
since 1984 have increased the number of localities
represented, pointed out errors in the initial study,
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and increased overall resolution of the graphically
collated network. A comprehensive report is now
being assembled, and materials from Kansas sub-
surface localities are important components.

UPPER ORDOVICIAN
BIOSTRATIGRAPHY

McPherson Core

In the McPherson and Citizens State Bank core
(Fig. 1, locality M), Upper Ordovician rocks be-
tween 6,496 and 6,698 ft are herein referred infor-
mally to subsurface unit “C” of the Viola Group,
which is divided into two parts. The lower part con-
sists of 25 m of gray, mottled, vuggy, largely chert-
free dolomite, with a 1.2-m interval of fissile gray-
ish-brown siltstone at the top. The upper, thicker,
part is composed of 37 m of tan and light gray,
cherty dolomite, with burrowed, vuggy beds at
the base and, at the top, a highly fractured, deeply
weathered interval capped by a well-developed
terra rosa of sandy, cherty red clay some 6 m thick.
From Viola Group strata between 6,516 and 6,698 ft,
26 ~1,000-g samples were collected at 2.1-m in-
tervals. Acid-insoluble residues of these samples
yielded 3,710 conodont elements, which represent
the 25 species indicated in Table 1 (McP column).
All the species listed in Table 1, save those listed in
open nomenclature, have been described and illus-
trated in the recent literature; hence, they are not
illustrated or described further here.

Distribution of the 25 conodont species repre-
sented in Viola Group strata in the McPherson core
is summarized in the column of Table 1 headed
“McP.” For convenience of comparison with sur-
face sections, ranges are given in meters above the
base of the Arbuckle Group, which is at the 7,400-ft
depth in the core.

In Figure 2, first and highest occurrences in the
McPherson core of the conodont species identified
in Table 1 are plotted against ranges of the same
species in a composite standard section (column
headed “CS,” Table 1). The CS is a synthesis of
maximized distributional information for 186 cono-
dont species represented in sections at 80 localities
in North America obtained through graphic corre-
lation and recorrelation of those sections and stated
in terms of a standard reference section (SRS) in the
Cincinnati Region of Ohio, Kentucky, and Indiana
(Sweet, 1984).

Note in Figure 2 that dots marking the first oc-
currences in M (the McPherson core) and the CS of
conodont species 121 (Pscudobelodina kirki), 126
{(Pseudobelodina vulgaris vulgaris), 147 (Staufferella
lindstroemi) and 1 (Amorphognathus ordovicicus) de-
fine a line that separates all but two (35, 122) of the
plotted first occurrences (dots) from all of the high-
est occurrences, which are plotted as crosses. The
line connecting these first occurrences is, in Shaw’s
(1964) terms, a “line of correlation” (or LOC), and
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Figure 2. Graphic correlation of Viola Group (sub-
surface unit C) strata in the McPherson and Citizens
State Bank core (M) and the composite standard
(CS). First occurrences are plotted as dots; high-
est occurrences as crosses. Numbers by dots and
crosses identity species named in Table 1. Stars
are relative-abundance inflection points identified by
the same capital letters in Figure 3. Scale on both
axes is in meters.

its equation (CS = 1.26 M + 827) may be interpreted
to mean not only that a meter of Viola Group rock
in the McPherson core records the same interval of
time recorded by 1.26 m of rock in the SRS, but also
that the base of the Arbuckle Group in the
McPherson core (the “0” level for conodont ranges)
projects to the 82-m level in the SRS. However,
because no information from the Arbuckle Group
is plotted, it is safe to conclude only that the base
of the Viola Group (214 m above the base of the
Arbuckle Group) projects to a level 1,097 m above
the base of the SRS, a value obtained by multiplying
214 m by 1.26 and adding 827 m. In fact, the base of
the Viola in the McPherson core projects to a level
only 297 m above the base of the SRS because, as
Sweet (1984) notes, 800 m were added to the base of
the SRS to accommodate graphic collation of sec-
tions that include rocks older than those in the SRS.

The LOC in the graph of Figure 2 also intersects
(or nearly intersects) five additional points, plotted
as asterisks and indexed by capital letters A, C, E, F,
and G. These points, which are identified in Figure
3, were not used in fitting the LOC, but they may be
regarded as evidence supporting the fit. Positions
of the lettered points along the LOC of Figure 2
were determined by comparing a relative-abun-
dance log for the Viola Group of the McPherson
core with a log for that part of the standard refer-
ence section (SRS) shown by graphic correlation to
be correlative. The McPherson log was, of course,
enlarged vertically by 1.26, the coefficient of the
LOC equation that expresses the relative rate of
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TaBLE 1. — RANGES® OF CONODONT SPECIES IN COMPOSITE SECTION (CS)

AND IN Six KANSAS SUBSURFACE SECTIONS

Section®
DAVIS WATTS GENTRY EXB McP BRIAN CS
Species (D) (C) (B) (A) (M) (N)

1¢ Amorphognathus ordovicicus 55 — — 86 245 — 1136-1243
2 Amorphognathus superbus 39-53 — — — 234-242 74-89  995-1136
3 Amorphognathus tvaerensis — — — 46-52 — —  959-1025
12 Aphelognathus pyramidalis — — — — — ?128 1227-1267
Aphelognathus spp. — — — — 264-266 125-128 —

21 Belodina compressa 26-29 35 25-34 — — — 938-1015
22 Belodina confluens 31-46 36-38 4044 67-72 214-237 63-79 1019-1154
23 Belodina monitorensis — 23 — 34 — — 773-924
30 Cahabagnathus friendsvillensis 5 21-23 15 30-36 — — 730-849
32 Chirognathus duodactylus —  26-32 25-33 — — — 957976
Coleodus simplex — 2629 — — — — —

35 Culumbodina occidentalis 39-58 — 40 — 214225 89-96 1103-1147
36 Culumbodina penna 39-46 36  40-42 — 214-253 63-114 1090-1151
46 Drepanoistodus suberectus 5-60 31-38 9-78 25-88 214-270 63-128 750-1270
52 Erraticodon sp. cf. E. balticus —  21-24 — — — — 750-850
59 Icriodella superba — — —  46-47 — —  962-1198
71 “Oistodus” venustus 55-58 — — — 228-261 63-79  860-1245
73 Oneotodus? ovatus 13 24-31 25-34 38-45 — — 854971
76 Oulodus serratus 24-32 26-35 25-26 44-45 — — 957-994
78 Oulodus ulrichi 33-45 — 4344 87 237-270 83-125 1102-1270
84 Panderodus feulneri 3160 36-38 33-74 4488 214-270 79-105 968-1261
85 Panderodus gracilis 23-32 32-35 — — — 63-128 822-1263
86 Panderodus panderi 38-60 — 40-70 55-87 219-264 —  822-1261
93 Periodon grandis 38-39 — 4041 38-39 214-216 —  833-1134
94 Phragmodus cognitus 23-31 267 — — — — 960-986
95 Phragmodus flexuosus morph. B 5-13  21-24 9-15 25-36 — — 734-785
98 Phragmodus undatus 44-58 — 39-74 46-88 225-270 63-128 959-1259
99 Plectodina aculeata s.1. 13-32  31-35 —  34-52 — —  807-1009
100 Plectodina aculeatoides 35 — — — — — 11151221
100A Plectodina dakota — 2427 25-35 38-46 — — 957976
101 Plectodina florida 55-58 —  68-70 — 251-270 83-128 1105-1247
102 Plectodina tenuis 35-60 36-38 39-78 55-88 214-266 63-128 979-1268
107 Polyplacognathus ramosus 26-28 35 25-33 — — —  957-1024
119 Pseudobelodina? dispansa 43-58 — 41-70 86 216-257 79-125 975-1249
120 Pseudobelodina inclinata 47-60 — 68-74 86-88 216-262 — 1090-1261
121 Pseudobelodina kirki 38-44 — 41-44 68 214-266 63-128 1098-1231
122 Pseudobelodina? obtusa 39-47 — — —  214-219 — 1103-1136
123 Pseudobelodina quadrata — — — — 264 — 1096-1243
126 P. vulgaris vulgaris 44-55 — 43-44 — 214-264 79-128 1097-1267
Pseudooneotodus? sp. — — — — 237-260 — —

130 Pteracontiodus alatus —  21-24 — — — — 750910
144 Scyphiodus primus — — 25-33 38-45 — — 957-976
145 Staufferella brevispinata — — — — 253 104 1115-1244
146 Staufferella falcata 28-60 23 25-70 25-45 — —  858-1152
147 Staufferella lindstroemi — — — — 225 — 1110-1153
148 Stereoconus gracilis — 35 — — — — 957-976
Walliserodus sp. — — — — 237-266 67-118 —

157 Yaoxianognathus abruptus — — —  47-56 — —  972-1114

2Ranges in meters above base of section
®L etters refer to sites shown on Figure 1 and described in the Appendix.
°Numbers are from an unpublished catalog of Ordovician conodont species used in graphic correlation. No numbers are assigned

to Coleodus simplex or to species listed in open nomenclature.
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Figure 3. Relative-abundance logs for Viola Group (subsurface unit C) strata in the McPherson (locality M)
and Brian (locality N) cores compared with a log for part of the standard reference section (SRS) in Kentucky.
Stippled segments of logs represent Phragmodus undatus; the next log segment to the right represents
species of Plectodina, the remainder of the log indicates relative abundance of all other conodonts, primar-
ily species of Aphelognathus and Oulodus in the SRS, but a combination of Aphelognathus, Oulodus, and
Panderodus in the McPherson and Brian cores. Capital letters A—G identify major inflection points in relative-
abundance logs. These are plotted in Figures 2 and 4. Width of logs is 100%, with 0 on left; vertical scale of
McPherson and Brian logs expanded by amount indicated by graphic correlation; SRS from Sweet and others

(1974) with addition of detail.

rock accumulation between the McPherson core
and the SRS. In at least the upper half of the logs
compared in Figure 3, there is considerable con-
gruity between relative-abundance maxima and
minima, and the more pronounced of these are the
ones identified by capital letters.

In studies summarized elsewhere (Sweet,
1979a,b,1988) fluctuations in relative abundance of
the conodont species logged in Figure 3 are taken to
represent fluctuations in water depth or in depth-
dependent environmental features. Major inflec-
tions on relative-abundance logs may identify
eustatic events that were widespread and essen-
tially coeval because their plotted positions join ar-
rays formed by plotting well-controlled first and
last occurrences of species, which have long been
accorded time significance.

In the graphically assembled CS, the projected
base of the stratotype of the Maysvillian Stage is at
almost exactly the same level as the inflection point
labeled “C” in Figure 3. In the southeastern part
of the Cincinnati Region, in Kentucky, inflection
point C occurs stratigraphically at the top of the late
Edenian Garrard Siltstone. In the McPherson core,

inflection point C is at the top of a thin siltstone unit
that caps the top of the lower carbonate unit of the
Viola. Thus, in both sections, a pronounced drop in
relative abundance of a relatively deeper-water
conodont species (Phragmodus undatus) coincides
with an incursion of silt.

Ray Brian Core

In the Ray Brian No. 1 borehole (Fig. 1, locality
N), drilled by Amoco Production Co. in Haskell
County, Kansas, rocks above 6,392 ft are Mississip-
pian and those below 6,661 ft are Lower Ordovician
{Ibexian). Between these limits are 71.6 m to as
much as 82 m of Upper Ordovician carbonate rock,
referred here informally to subsurface unit “C” of
the Viola Group. Twenty samples, averaging 630 g
in weight and collected at ~3.4-m intervals between
6,408 and 6,622 ft, yielded 2,527 conodont elements.
The 19 species represented by these specimens are
indicated in Table 1 and their ranges are given in
meters above the 6,828-ft level in the core in the
column of Table 1 headed “BRIAN.” Personnel in
the Amoco Research Laboratory in Tulsa collected
and processed the samples and sorted the conodont
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elements from acid-insoluble residues. Note that
bulk samples were only half as large as those from
the McPherson core and were spaced about twice
as far apart. In addition, configuration of the rela-
tive-abundance log for Viola strata penetrated by
the Brian borehole (Fig. 3) and the fact that the ag-
gregate Brian collection includes far fewer speci-
mens than from the McPherson core suggest either
that all conodonts were not picked from the Brian
residues or that the operator picked more of some
types of elements than of others.

In Figure 4, range data for conodont species rep-
resented in Viola Group strata in the Brian borehole
are plotted against maximized range data for the
same species in the composite standard section. The
array of plotted points is diffuse; however, a line
connecting the plotted first occurrence of species
121 (Pseudobelodina kirki) and the highest occurrence
of species 36 (Culumbodina penna) clearly separates
that area of the graph that includes first occurrences
from the sector that includes all the highest occur-
rences. That line, although weakly controlled, is
nevertheless fitted to first and highest occurrence
events that are recognized at about the same level
in a number of the sections that have contributed to
the composite standard section and, thus, may be
regarded as well established. Note, however, that
the dashed line through the first occurrence of spe-
cies 36 (Culumbodina penna), and closely parallel to
the solid line just described, intersects (or nearly
intersects) the four starred points labeled A, B, D,
and F. As with the McPherson core, the latter points
were determined through comparison of relative-
abundance logs. Those comparisons are admittedly
rather weak, probably as a result of biased picking
of conodonts from Brian borehole samples.

For correlation purposes, we have chosen to use
the solid LOC of Figure 4, the equation for which is:
CS =1.06 B + 1030. Regardless of which of the two
lines in Figure 4 is chosen as LOC, however, it is
clear that the base of the Viola Group in the Brian
borehole projects to a position 1,086-1,094 m above
the base of the composite standard section and that
essentially equivalent thicknesses of rock represent
the same intervals of time in the SRS and the Brian
section. It is equally clear that greater spacing of
much smaller samples and probable bias in the
separation of conodonts from those samples have
resulted in a record that resolves biostratigraph-
ically at a somewhat lower level than does that
from the McPherson core.

CORRELATION OF SUBSURFACE
VIOLA AND SIMPSON STRATA

Figure 5 indicates correlation of Viola Group
strata penetrated in the McPherson and Brian bore-
holes with Viola Group rocks exposed in the Ar-
buckle Mountains of south-central Oklahoma and
with strata assigned informally in this report to a
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Figure 4. Graphic correlation of Viola Group (sub-
surface unit C) strata in the Ray Brian No. 1 well
(BRIAN) and the composite standard section (CS).
See caption to Figure 2 for further explanation. Sig-
nificance of dashed LOC and solid LOC explained in

text.

subsurface facies “C” of the Viola Group at four
additional localities in Kansas. Oberg (1966b), Ams-
den and Sweet (1983), Bauer (1987a,b), and Dres-
bach (1983) are responsible for the data on which
correlation of southern Oklahoma sections are
based, and Sweet (1979b) determined correlation of
Upper Ordovician rocks in the Davis borehole. Cor-
relations of Middle and Upper Ordovician rocks in
the Exchange Bank, Gentry, and Watts boreholes,
and of Middle Ordovician strata in the Davis bore-
hole, however, are presented for the first time here.

In the McPherson and Brian boreholes (Fig. 1,
localities M and N, respectively), Viola Group strata
(informal subsurface unit “C” of Fig. 5) rest uncon-
formably on carbonate rocks that yield representa-
tives of Early Ordovician (Ibexian) conodont spe-
cies and are assigned to the Arbuckle Group. This
situation also obtains in wells at localities G and J of
Figure 1. At localities A-D, L, and O, however,
Viola Group and Arbuckle Group carbonates are
separated by a few meters to as much as 45 m of
sandstone, shale, and fine-grained carbonate rock,
assigned collectively to the Simpson Group. At
localities E, F, H, and I, Mississippian rocks rest
directly on Arbuckle carbonates.

In 1968, the State Geological Survey of Kansas
provided me with acid-insoluble residues of 383
samples from Viola Group, Simpson Group, and
Arbuckle Group strata penetrated in boreholes at
localities A-L of Figure 1. At many sites, the short
cores (mostly drill-stem tests) from which samples
were obtained were too erratically spaced to pro-
vide the continuous record required by graphic
correlation. At a few sites, however, longer cores
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Figure 5. Correlation of Simpson Group and Viola Group strata at six Kansas subsurface localities with south-
ern Oklahoma and southeastern Minnesota. The southern Oklahoma column is a composite of information
from three sections (Amsden and Sweet, 1983; Dresbach, 1983; Bauer, 1987a), as is the southeastern
Minnesota column (Webers, 1966). Vertical scale is in composite-standard units, hence vertical extent of
stratigraphic units and hiatuses in each column are proportional to time, as indicated by graphic correlation.
Nature of informal subsurface stratigraphic units A-D explained in text.

were available, samples were more closely spaced,
and ranges of conodonts could be determined with
greater precision. Data from samples at these sites
are suitable for graphic correlation. Thus, I have
used conodont range-data from Middle and Upper
Ordovician rocks at localities A (No. 1 Exchange
Bank well), B (No. 1 Alice Gentry well), C (No. 11
Mary D. Watts well), and D (No. 2A Davis Ranch
well) of Figure 1 to establish correlations between
the strata involved and coeval parts of the standard
reference section in the Cincinnati Region.

As noted previously, composite standard ranges
in Table 1 are from a more extensive composite
standard section that is a synthesis of maximized
ranges for 186 conodont species assembled by
graphic correlation of sections at some 80 localities
in North America. Conodont range-data from the
subsurface sections considered here will eventually
be important components of the composite stan-

dard. However, before a stable CS can be defended,
data from each of these subsurface localities must
be allowed to perturb the entire network of sec-
tions, and that has not yet been done. Therefore,
even though the positions and temporal relations of
subsurface units A-D of Figure 5 have been deter-
mined graphically, and are probably in essentially
their final form, the results must be regarded as ten-
tative until the effect of each on the entire network
has been considered. For this reason, only ranges
and conclusions with respect to correlation are pre-
sented here (in Table 1 and Fig. 5, respectively). A
full discussion of the graphic assembly is deferred.

Subsurface Unit A

In boreholes considered in this study, subsurface
unit A is 3-19 m of fine-grained sandstone, silt-
stone, and minor shale. Samples yield conodonts
referable to:
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Belodina monitorensis Ethington and Schumacher,

1969
Cahabagnathus friendsvillensis (Bergstrém, 1971)
Erraticodon sp. cf. E. balticus Dzik, 1978
Oneotodus? ovatus (Stauffer, 1935)

Phragmodus flexuosus Moskalenko, 1973, morpho-

type B of Bauer, 1987
Pteracontiodus alatus (Dzik, 1976).

In southern Oklahoma (Bauer, 1987a), this asso-
ciation of conodont species is confined to the lower
part of the late Whiterockian (Chazyan) McLish
Formation, although individual species of the asso-
ciation range somewhat above to well above the
McLish. I suspect, but do not know, that Schramm
(1964) also regarded unit A as a component of the
McLish, for the McLish and Bromide are the only
formations of the Simpson Group he shows to have
any significant extension into Kansas. Therefore, it
seems reasonable to conclude that Kansas subsur-
face unit A is equivalent in age to some part of the
lower McLish Formation of Arbuckle Mountain
localities; that it is late Whiterockian (Chazyan) in
age; and that it is an extension into Kansas of the
unit mapped as McLish by Schramm (1964).

Subsurface Unit B

In the subsurface sections considered here, sub-
surface unit B is 10-16 m of fine-grained carbonates
and shale. Samples from this unit yield representa-
tives of a distinctive conodont fauna, which in-
cludes:

Amorphognathus tvaerensis Bergstrom, 1962
Belodina compressa (Branson and Mehl, 1933)
Chirognathus duodactylus Branson and Mehl, 1933
Coleodus simplex Branson and Mehl, 1933
Drepanoistodus suberectus (Branson and Mehl, 1933)
Icriodella superba Rhodes, 1953

Oneotodus? ovatus (Stauffer, 1935)

Oulodus serratus (Stauffer, 1930)

Panderodus feulneri (Glenister, 1957)

Panderodus gracilis (Branson and Mehl, 1933)
Panderodus panderi (Stauffer, 1940)

Periodon grandis (Ethington, 1959)

Phragmodus cognitus Stauffer, 1935

Phragmodus undatus Branson and Mehl, 1933
Plectodina aculeata (Stauffer, 1930) s.1.

Plectodina dakota Sweet, 1982

Polyplacognathus ramosus Stauffer, 1935
Scyphiodus primus Stauffer, 1935

Staufferella falcata (Stauffer, 1935)

Stereoconus gracilis Branson and Mehl, 1933
Yaoxianognathus abruptus (Branson and Mehl, 1933).

In central and western Colorado, components of
this group of species (but not the entire association)
have been reported from the Harding Sandstone
(Branson and Mehl, 1933; Sweet, 1955), and Ams-
den and Miller (1942) collected representatives of
several species from Harding equivalents in the
northern Bighorn Mountains of Wyoming. Virtu-
ally the entire association is known from the Icebox
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and Roughlock Members of the Winnipeg Forma-
tion of the Dakotas (Furnish and others, 1936; Carl-
son, 1960; Sweet, 1982), and elements of it have
been recovered from the Deer Island Member of the
Winnipeg in southern Manitoba (Oberg, 1966a).
The species association characteristic of Kansas sub-
surface unit B is probably best known from the
Glenwood, Platteville, and Decorah Formations
of Upper Mississippi Valley sections in southeast-
ern Minnesota and nearby parts of Iowa (Stauffer,
1930,1935a,b; Webers, 1966), and elements of it are
clearly represented among the numerous conodonts
described by Stauffer (1932) from the “Decorah
Shale” in the subsurface of Reno County, Kansas
(Fig. 1, locality O).

In light of the preceding discussion, it is not sur-
prising that graphic correlation of rocks penetrated
in the Exchange Bank, Gentry, Watts, and Davis
boreholes (Fig. 1, localities A-D) indicates that sub-
surface unit B is equivalent in age to the Glenwood,
Platteville, and lower Decorah Formations of south-
eastern Minnesota. It is also interesting to note that
subsurface unit B, logged appropriately as Platte-
ville in northeastern Kansas (Merriam, 1963), was
apparently deposited during the interval of time
represented in southern Oklahoma by the uncon-
formity separating the Simpson and Viola Groups.
In Figure 5, it is suggested that the Corbin Ranch
Submember of the Poolville Member of the Bro-
mide Formation may, in at least its type section,
include rocks equivalent to subsurface unit B. In
Figure 5, these rocks are included in the basal part
of the Viola Group; however, Amsden (in Amsden
and Sweet, 1983) notes that Corbin Ranch strata ex-
posed along Interstate 35, on the south flank of the
Arbuckle Anticline, belong in the uppermost part of
the Bromide Formation, which there yields strati-
graphically undiagnostic conodonts. Thus, it may
be that, from place to place, the Corbin Ranch Sub-
member includes rocks both below and above the
unconformity between the Simpson and Viola
Groups.

Conodonts reported by Sweet (in Amsden and
Sweet, 1983) and Bauer (1989) from the Upper Ty-
ner and Fite Formations in Cherokee County, east-
ern Oklahoma (Fig. 1, locality P) are clearly much
younger than those in subjacent beds of the Lower
Tyner and Burgen Formations. Sweet (in Amsden
and Sweet, 1983) concluded that the largely gener-
alized conodont fauna of the Fite Formation indi-
cated a Rocklandian or Kirkfieldian age, and Bauer
(1989) reached a similar conclusion for the Upper
Tyner-Fite unit. Except for Plectoding aculeatn s.1., a
long-ranging Middle Ordovician species, and a spe-
cifically indeterminate Oulodus (which might be O.
serratus), the Upper Tyner-Fite of eastern Okla-
homa has little in common with subsurface unit B.
However, both appear to occupy the same general
stratigraphic position and, thus, they may be of
comparable age.
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Subsurface Unit D

In the Davis core of Wabaunsee County, Kansas
(Fig. 1, locality D) silty, shaly dolomitic rocks above
subsurface unit C have been logged as “Maquo-
keta.” Merriam (1963) notes that this unit is wide-
spread in the Kansas subsurface and reports it as far
west as the southeastern part of the Southwest Kan-
sas Basin. However, | have no conodonts from this
unit and cannot comment further on its age. It is not
recognized in any of the cores from southwestern
Kansas studied here, in which rocks of subsurface
unit C are unconformably overlain by Mississip-
pian strata. Thus, largely for the sake of complete-
ness, this uncontrolled unit is identified only as
subsurface unit D and recognized only in the Davis
borehole (Fig. 5).

CONCLUSIONS

Graphic correlation of subsurface sections at six
localities in Kansas results in recognition of three
distinct stratigraphic units, which may be overlain
by a fourth at some localities in northeastern Kan-
sas. The lower of the three units, subsurface unit A,
is clearly equivalent to strata in the lower half of the
McLish Formation of the Simpson Group of the
Arbuckle Mountains in southern Oklahoma and of
late Whiterockian (Chazyan) age. Subsurface unit A
is overlain unconformably by subsurface unit B,
which yields conodonts that indicate a correlation
with the Harding Sandstone of Colorado, the Win-
nipeg Formation of the Dakotas, the Glenwood,
Platteville, and lower Decorah Formations of south-
eastern Minnesota, and probably the Upper Tyner—
Fite unit of Cherokee County, eastern Oklahoma.
Subsurface unit C, here regarded as an unnamed
member of the Viola Group, yields Ordovician co-
nodonts characteristic of rocks of late Edenian and
early Maysvillian age and widely distributed in
North America west of the Transcontinental Arch
(Sweet, 1979b; Mitchell and Sweet, 1989; Leatham,
1987; Nowlan and others, 1988). The McPherson
core, from Stanton County in southwestern Kansas,
provides an almost continuous record of subsurface
unit C and may be regarded as a local reference
section for this part of the Ordovician sequence in
Kansas.
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APPENDIX:
Register of Subsurface and Surface Localities

Letters preceding the following locality descriptions refer to sites identified in Figure 1.
Boundaries of subsurface units A-D are included for cores in which they are recognized;

boundaries are given in feet below well curb.

A — No. 1 Exchange Bank well, Sinclair—Prairie Oil Co.,

sec. 27, T.335., R. 19 W., Comanche County, Kan-
sas (41 samples studied; 3,347 conodont elements
collected). Unit A, 6,391-6,428 ft; Unit B, 6,289—
6,391 ft; Unit C, 6,102-6,289 ft.

B — No. 1 Alice Gentry well, Sinclair—Prairie Oil Co.,

sec. 1, T. 33 5., R. 15 W., Barber County, Kansas (29
samples studied; 1,358 conodont elements col-
lected). Unit A, 5,297?-5,342 ft; Unit B, 5,236-5,297
ft; Unit C, 5,106-5,236 ft.

C — No. 11 Mary D. Watts well, Sinclair Oil and Gas

Co.,sec. 13, T. 26 S, R. 4 E., Butler County, Kansas
(25 samples studied; 576 conodont elements col-
lected!). Unit A, 2,616-2,696 {t; Unit B, 2,580-2,616
ft; Unit C, 2,567-2,580 ft.

D — No. 2A Davis Ranch well, Carter Qil Co., sec. 33,

T.13 5., R. 10 E., Wabaunsee County, Kansas (84
samples studied; 3,180 conodont elements col-
lected). Distribution of Viola Group conodonts in
this well given in Sweet (1979b). Unit A, 3,330-
3,390 ft; Unit B, 3298-3,330 ft; Unit C, 3,208-3,298
ft; Unit D, 3,127-3,208 ft.

E — No. 2 Goodland well, Phillips Petroleum Co., sec.

10, T. 10 S., R. 39 W, Sherman County, Kansas
(93 samples studied; 1,196 conodont elements
collected). All Ordovician samples from this well
yield Lower Ordovician (Ibexian) conodonts,
which await identification and description.
Ibexian strata are overlain directly by Mississip-
pian rocks.

F — No. 1 F. L. Smith well, Texas Co., sec. 30, T. 11 S.,

R. 36 W., Logan County, Kansas (7 samples stud-
ied; 60 Lower Ordovician conodont elements col-
lected).

G — No. 1 Monument Prospect well, Phillips Petroleum

Co., sec. 8, T. 125, R. 34 W, Logan County, Kan-
sas (42 samples; 988 conodont elements collected).
Strata between 5,318 and 5,342 ft are subsurface
unit C of Viola Group; rocks above are Mississip-
pian; rocks below are Arbuckle Group. Unit C
strata too thin to be treated graphically.

H — No. 2 Gottschalk well, Mack Qil Co., sec. 4, T.14 S.,

R. 20 W., Ellis County, Kansas (11 samples stud-
ied; 14 conodont elements collected). Conodonts
are all Lower Ordovician (Ibexian) forms.

I — No. 1 Littler well, Rock Island Qil and Refining

Co., sec. 31, T. 16 S, R. 19 W, Rush County, Kan-
sas (16 samples studied; 211 conodont elements
collected). Conodont elements all represent Lower
Ordovician species.

J — No. 1 Wilhelm well, Sinclair-Prairie Qil Co., sec.

16, T. 19S5, R. 21 W., Ness County, Kansas (5 sam-
ples; 39 conodont elements collected). Conodonts,
from rocks between 4,640 and 4,646 ft, are all Up-
per Ordovician forms and probably indicate pres-
ence of subsurface unit C.

K —

P —

No. 1 Brown “A” well, Western Petroleum Co.,
sec. 30, T. 24 S, R. 14 W., Stafford County, Kansas
(10 samples studied; 84 conodont elements col-
lected). Specimens from 4,132- to 4,161-ft interval
represent long-ranging Middle and Upper Or-
dovician species.

No. 1 Cunningham Estate well, Mobil Oil Co., sec.
13, T. 34 S., R. 37 W,, Stevens County, Kansas (24
samples studied; 2,730 conodont elements col-
lected). Identity and distribution of Ordovician
conodonts reported by Sweet (1979b). Samples be-
tween 7,838 and 7,859 ft yield representatives of
the conodont fauna of Kansas subsurface unit C
and of younger Devonian and Mississippian fau-
nas. The latter may be indigenous or they may
have leaked into Upper Ordovician rocks.

McPherson and Citizens State Bank No. 1 well,
Amoco Petroleum Co., sec. 28, T.295.,R. 39 W,,
Stanton County, Kansas (26 samples studied for
this report; 3,710 conodont elements collected
from Viola Group strata). Unit C, 6,496-6,698 ft.
Ray Brian No. 1 well, Amoco Petroleum Co., sec. 7,
T.30 5., R. 33 W., Haskell County, Kansas (19
samples studied; 2,527 conodont elements col-
lected). Unit C, 6,408-6,622 ft.

Hudson No. 1 well, Gypsy Oil Co., sec. 27, T. 24 S.,
R. 10 W., Reno County, Kansas. Stauffer (1932)
studied, identified, and illustrated conodonts col-
lected from an unreported number of shale sam-
ples taken between the 4,154- and 4,300-ft levels
in this well. The whereabouts of Stauffer’s col-
lections, which include the types of 21 conodont
species, are not known. A majority, possibly all, of
Stauffer’s specimens appear to represent the fauna
of subsurface unit B.

Ohio State University surface localities 785A, 78SB,

785C, 78SE, 83]J A, 83]B, 83]C, and 84J A, Cherokee

County, Oklahoma. Conodont elements from sam-

ples taken at the first four localities are identified,

tabulated, and illustrated in Amsden and Sweet

(1983); those from the latter four sites are de-

scribed and illustrated in Bauer (1989).

78SA — West bank Horseshoe Bend, NEY sec. 36,
T.16 N, R. 22 E.

785B — Qualls area, NEV4SEY sec. 35, T. 15 N.,
R.21E.

785C — Deep Hollow, NE% sec. 19, T. 16 N.,
R.23E.

78SE — East bank Horseshoe Bend, SE% sec. 31,
T.16 N,,R. 23 E.

83JA — No Head Hollow, SEY4 sec. 12, T. 17 N.,
R.22 E.

83]B —NEY sec. 35, T.18 N,,R. 22 E.

83]C — Eagles Bluff section, SW¥ sec. 13, T. 18 N,
R.22E.

84] A — Combs Bridge section, SEY sec. 13,
T.18 N.,R. 22 E.
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Microfacies Correlation of the Early Permian Barneston
Limestone, Conoco Test Facility to Vap’s Pass,
Kay County, Northern Oklahoma

Donald Francis Toomey

Conoco Inc. (retired)*
Ponca City, Oklahoma

AESTRACT.—A petrographic study of stacked carbonates of the Early Permian Barneston Lime-
stone, Kay County, northern Oklahoma, in core and outcrop, allows subdivision of this interval
into seven microfacies. Those microfacies suggest relatively shallow-water paleodepositional set-
tings for the entire interval. The coated-grain packstone to grainstone microfacies represents the
shallowest paleodepositional setting. Biotic and petrologic parameters indicate an overall shifting
of paleodepositional settings ranging from very shallow marine waters to somewhat deeper, less
agitated waters. Depth ranges are interpreted to have been from 5 to 50 ft.

Fusulinids occur only sparingly, but one form, Oketaella, appears to be a reliable regional Early
Permian (Wolfcampian) biostratigraphic marker.

Dissolution is the most apparent diagenetic feature and appears to be an ongoing event. Open-
grain packing and sparse isopachous fringe cements on skeletal grains suggest early submarine

cementation that has been modified by subsequent dissolution.

INTRODUCTION

In the early 1980s, Conoco’s Exploration and Re-
search management purchased a section of land in
Kay County, Oklahoma, to be utilized as a perma-
nent test facility (Text-fig. 1). Once preliminaries
were completed, work commenced on drilling two
deep boreholes and, most importantly, coring the
entire interval. A primary purpose of the test facil-
ity was to have a site near Conoco’s headquarters
where a wide variety of geophysical and logging
instruments could be tested, giving Conoco reliable
test performance records that could be exploited
for future research. Various studies could also be
performed on the cores, including structural stress
tests, petrography, and geochemical analyses of the
rocks. In 1989, a study was initiated on fracturing
within the Early Permian Barneston Limestone, and
additional shallow cores were taken through this
interval. It was decided that a nearby outcrop ref-
erence section in the Barneston Limestone was
needed in order that reliable comparison could be
made to the shallow cores taken at the test facility.
A detailed petrographic and paleodepositional
study of both the core and outcrop section are fully
documented in this paper.

REGIONAL STRATIGRAPHY

The rock units in this study are of Early Permian
(Wolfcampian) age and comprise the Barneston

*Present ad_dress: 25 Tierra Madre Court, Placitas, New
Mexico 87043.

Limestone, currently assigned to the middle Chase
Group (Text-fig. 2). The Barneston Limestone con-
sists of a lower member, termed the Florence Lime-
stone, and an upper member, the Fort Riley Lime-
stone (Text-fig. 2). The locations of the outcrop sec-
tion at Vap’s Pass and the GW-3 core at the Conoco
test facility are shown in Text-figure 1, and descrip-
tions are given in the Appendices.

Rocks of the Chase Group exposed in northeast-
ern Kay County, northern Oklahoma, vary in thick-
ness from 300 to 334 ft and include all the beds from
the base of the Wreford Limestone to the top of the
Nolans Limestone (Text-fig. 2). Those rocks are pri-
marily repetitive sequences of limestones, shales,
and sandstones. Limestones within the Chase
Group average 25 ft thick, are generally fossilif-
erous, some can be cherty, and a few are partially
dolomitized. Shales average 3040 ft thick and are
represented by marine and nonmarine types, some
of which are quite fossiliferous. Sandstone units are
highly variable in thickness, generally from 15 to 25
ft, with limited lateral extent; most sandstones are
lenticular (Chaplin, 1988).

The Barneston Limestone was named by Condra
and Upp (1931) for exposures in the bluffs west and
southwest of the town of Barneston, Gage County,
Nebraska. This lithic unit comprises two limestone
members: (1) a lower Florence Limestone originally
named by Prosser (1902) for exposures in quarries
near Florence, Marion County, Kansas; and (2) the
overlying Fort Riley Limestone, also named by
Prosser (1902), for exposures near the town of Fort
Riley, Geary County, Kansas. A thin shale member,
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Text-figure 1. Location of measured section at Vap's Pass and the GW-3 core at the Conoco test facility.

the Oketo Shale, separates the two limestones in
northern Kansas, but is absent, or very poorly rep-
resented, farther south. The Barneston Limestone
crops out in an almost continuous band from south-
eastern Nebraska, through central Kansas, and into
north-central Oklahoma.

The two limestone members comprising this for-
mation form bold east-facing cuestas. Generally, the
lower Florence Limestone Member consists of a 10-
to 20-ft-thick interval of thin- to medium-bedded
micritic limestones, which sometimes carry rela-

tively large, ellipsoidal chert nodules near the top
of the unit. In the past, the top of the chert-bearing
unit was regarded as the top of the Florence Lime-
stone Member. However, since chert occurrence is
not consistent over the outcrop belt, this criterion
has not been followed in this study. Instead, the
underlying Florence Limestone Member is delin-
eated from the overlying Fort Riley Limestone
Member on the basis of differences in carbonate
sedimentology and microfacies sequence (dis-
cussed below). Conformably overlying the Florence
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Text-figure 2. Comparison of Midcontinent stratigraphic nomenclature to outcropping Early Permian units in
northern Kay County, northern Oklahoma. Diagonal-line pattern indicates units are absent. Modified from

Chaplin (1988).

Limestone Member is as much as 45 ft of the Fort
Riley Limestone. This member is characterized by a
lower sequence of thick- to massive-bedded “algal”
limestones and an upper sequence of interbedded
molluscan-rich, micritic limestones and marine
shales. The measured section of the Barneston
Limestone at Vap’s Pass consists of 17.1 ft of Flor-
ence Limestone and 24 ft of Fort Riley Limestone,
for a total of 41.1 ft. The GW-3 core, taken at the
Conoco test facility 3.2 mi east of Vap’s Pass, re-
trieved 57.9 ft of the Barneston Limestone, com-
prising 16 ft of the Florence Limestone and 41.9 ft

of the Fort Riley Limestone (see Appendices for
detailed descriptions).

PALEOTECTONIC SETTING

Text-figure 3 presents a generalized Late Paleo-
zoic tectonic map of Oklahoma and portions of ad-
joining states. Regionally, most of Kay County is
situated on the western margin of the Central Okla-
homa Platform. The major structural elements in
north-central Oklahoma are the Nemaha Ridge and
associated anticlines (e.g., Blackwell, Ponca City,
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Text-figure 3. Generalized Late Paleozoic paleotectonic map of Oklahoma and portions of adjacent states.
This map shows the location of Kay County, north-central Oklahoma (black square), extent of the Central
Oklahoma Platform (horizontal lines), trace of the Nemaha Ridge (X’s), positive structural elements (slanted
lines), and negative (embayments and basins) structures (light areas).

Mervine, and Dexter), which trend to the northeast
across the western one-third of Kay County. The
Nemaha Ridge extends nearly 900 mi northward
from central Oklahoma, into eastern Kansas, south-
eastern Nebraska, and continues into lowa, Wis-
consin, and Minnesota. In northern Kay County,
this structural zone (Nemaha Ridge and associated
anticlines) is as much as 30 mi wide, but it narrows
southwestward to 6 mi wide in central Oklahoma
(Chaplin, 1988). According to Luza and Lawson
(1981), the Nemaha Ridge also comprises a number
of relatively small fault blocks that were uplifted
and eroded during Late Missississian-Early Penn-
sylvanian time.

The Central Oklahoma Platform extends north-
ward into south-central Kansas and abuts the Bour-
bon Arch. The eastern boundary is the Ozark Up-
lift. The Central Oklahoma Platform is blanketed
with thin, repetitive, shallow-water carbonates and
clastics of Pennsylvanian and Permian age. West of
the platform basinal sediments predominate.

VAP’'S PASS OUTCROP SECTION

The Barneston Limestone exposed at Vap's Pass
in northeastern Kay County was measured, de-
scribed, and sampled in August 1988 (see Appen-
dix 1). A total of 60 large (2- x 3-in.) thin sections
were prepared from this outcrop exposure and
form the basis for the petrology/microfacies study
of this measured section. Data from 27 of the total
60 prepared thin sections are documented on a
summary sheet (Text-fig. 4).

A total of 41.1 ft of the Barneston Limestone is
present at this location. The lower member of this
formation, the Florence Limestone, is 17.1 ft thick
and consists of thin- to medium-bedded skeletal
wackestones. The Florence is conformably overlain
by the younger Fort Riley Limestone Member com-
prising 24 ft of varied limestones and shales. The
lower portion of the Fort Riley consists of massive,
thick-bedded, coated-grain packstones to grain-
stones, followed by medium- to massive-bedded
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skeletal wackestones, capped by a thin bed of ma-
rine shale, and overlain by a thin, wavy-bedded
molluscan wackestone. The top of the Barneston
Limestone is eroded.

Microfacies Subdivision

This outcrop section was vertically subdivided
into carbonate microfacies that reflect both biologi-
cal and physical parameters associated with chang-
ing paleodepositional settings. The data are docu-
mented on the summary sheet (Text-fig. 4), which,
in addition, contains a relative-depth curve that at-
tempts to show shallowing and deepening of the
paleoenvironmental sequence.

The Florence Limestone Member is subdivided
into three microfacies (from bottom to top):

SILTY/COATED-GRAIN / SKELETAL WACKESTONE
MICROFACIES is 1.3 ft thick; a typical example is
shown in Plate 1, Figure 1. This microfacies is repre-
sented by rock unit 1. The coated grains are of ir-
regular shape, comprising various molluscans and
fenestrate bryozoan skeletal fragments circum-
scribed by algal/ foraminiferal coatings. Other note-
worthy skeletal grains consist of the smaller fora-
minifers Globivalvulina and Tetrataxis in association
with the diagnostic fusulinid foraminifer Oketaella.
Of interest is the occurrence throughout this unit of
reworked mud clasts. The clasts are relatively well
rounded and have distinctive corrosion rims. The
lithology and microfauna suggest that this unit was
deposited in slightly agitated, moderately shallow
water.

DOLOMITIZED BRYOZAN /SKELETAL WACKESTONE
WITH INTERBEDDED SHALE MICROFACIES is repre-
sented by rock unit 2 and consists of 3.8 ft of inter-
bedded skeletal wackestone and gray marine shale.
The microfauna is dominated by unbroken fronds
of fenestrate bryozoans along with scattered cri-
noidal debris, within a finely dolomitized matrix.
Some crinoid columnals have syntaxial calcite over-
growths and appear to be partially leached. Mega-
fossils identified on outcrop are the clam Myalina
and the brachiopod Derbyia. The lithology and biota
indicate that this unit was deposited in quiet, some-
what deeper water than the underlying microfacies.

LEACHED FORAM WACKESTONE MICROFACIES is
12 ft thick and comprises rock units 3, 4, 5, and the
lower portion of 6. These units are skeletal wacke-
stones to packstones. The microfauna is character-
ized by a diverse assemblage of leached foramini-
fers. Those include Globivalvulina, Endothyra,
Tetrataxis, palaeotextularids, and the nodosarids
Nodosinella and Geinitzina, all associated with the
fusulinids Oketaella, Nankinella, and Schwagerina.
Rare occurrences of the dasyclad alga Epimastopora
have also been observed. On outcrop, some hori-
zons contain the brachiopod Composita and the bur-
rowing clam Pinna. A few bedding-plane surfaces
contain mud-filled borings, and a few horizons dis-
play low-angle cross-stratification. Some brachio-
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pod fragments are partially silicified. The lithology
and microfauna of this microfacies suggest an over-
all shallowing-upward sequence.

The overlying Fort Riley Limestone Member can
be subdivided into three microfacies (from bottom
to top):

COATED-GRAIN PACKSTONE TO GRAINSTONE
MICROFACIES comprises the upper portion of rock
unit 6 and all of rock unit 7; it is 9.3 ft thick. The
rocks are massive packstones to grainstones com-
posed principally of well-sorted coated grains (PL. 1,
Fig. 2). These grains are what Toomey and others
(1988) described as “osagid grains.” Fusulinids are
relatively common in this microfacies with Oketaella
occurring as loose, uncoated skeletal grains, where-
as Nankinella consistently serves as coated-grain nu-
clei. Fenestrate bryozoan fragments and echinoid
spines also serve as coated-grain nuclei. Fragments
of the dasyclad alga Epimastopora occur, along with
a rather patchy distribution of smaller foraminifers
(Globivalvulina, Tetrataxis, and nodosarids). A few
relatively large productid brachiopods (Antigua-
tonia) have been noted on bedding plane surfaces,
in addition to mud-filled borings and low-angle
cross-stratification. The lithology and microfauna of
this microfacies suggest deposition in well-agitated,
very shallow water.

LEACHED CRINOIDAL/SKELETAL PACKSTONE TO
WACKESTONE MICROFACIES is 11.9 ft thick and com-
prises rock units 8, 9, and 10. These units are me-
dium-bedded skeletal wackestones to packstones
with crinoidal debris as the dominant biotic compo-
nent. The dasyclad alga Epimastopora disappears
within unit 8, and the fusulinid Oketaella disappears
in unit 9. The fusulinid Nankinella continues to
serve as a coated-grain nucleus, but disappears in
the middle of unit 9. Smaller foraminifers, espe-
cially Globivalvulina, along with Cornuspira and
nodosarids characterize this microfacies. On out-
crop, unit 9 contains a variety of megafossils includ-
ing an unidentified tabulate coral, the brachiopods
Composita, Derbyia, and Antiquatonia, and the clams
Pinna and Myalina. Brachiopod shell fragments can
sometimes serve as coated-grain nuclei. Some bed-
ding-plane surfaces display the trace fossil Thalas-
sinoides. Unit 10 contains abundant molluscan
{mainly clams) skeletal debris, some of which are
whole (articulated) and mud-filled. The lithology
and microfauna of this microfacies suggest
paleodeposition in relatively quiet, gradually deep-
ening water.

SHALE/MOLLUSCAN PACKSTONE TO WACKESTONE
MICROFACIES caps the Vap’s Pass measured section,
and the top is marked by an erosional surface. This
microfacies is 2.8 ft thick and consists of rock units
11 and 12. Unit 11 consists of 1.8 ft of gray-green
shale. No fossils were retrieved from this unit. Unit
12, the youngest bed in the section, is a 1-ft-thick
unit of wavy-bedded molluscan wackestone to
packstone. This bed contains abundant molluscan
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shell debris made up of the clams Myalina and
Pinna, in addition to rare brachiopods (Composita).
The base of unit 12 is covered with Thalassinoides
burrows. The lithology and microfauna of this in-
terval suggest deposition beginning in relatively
deep, quiet water and ending in a swing toward
overall shallowing.

Paleodepositional Summary

Examination of the summary sheet (Text-fig. 4)
for the outcrop section of the Barneston Limestone
at Vap’s Pass shows the section to be a series of
stacked carbonates, with only minor shale intervals
at two units. The units are repetitive, and the over-
all lithologic sequence and biota reflect a continual
shifting of paleodepositional settings ranging from
very shallow waters to relatively deeper waters.
Depth ranges were probably from 5 to 50 ft. The
shallowest units consist of coated-grain grainstone/
packstone microfacies. There is no evidence of sub-
aerial exposure surfaces within this interval.

CONOCO GW-3 CORE SECTION

The Barneston Limestone cored at Conoco’s test
facility site (GW-3 core) consists of 57.9 ft of stacked
limestones with some interbedded shales. A total of
54 large (2- x 3-in.) thin sections were prepared, and
these form the data base for the petrology/micro-
facies study of the core. All pertinent data are docu-
mented on a summary sheet (Text-fig. 5), which
also includes a relative depth curve.

The Florence Limestone Member is 16 ft thick
(95.3-79.3 ft) and consists principally of skeletal
packstones to wackestones. Chert nodules are
present at 89.1 ft. The Florence Member is conform-
ably overlain by 41.9 ft (79.3-37.4 ft) of the Fort
Riley Limestone Member. That interval comprises a
series of coated-grain wackestones to grainstones,
overlain by skeletal wackestones to packstones, fol-
lowed by interbedded shales and molluscan wacke-
stone to packstones. It is capped by a thin interval
of silty /coated-grain/skeletal wackestone to grain-
stone, not present in the Vap’s Pass outcrop section.
The top of the Barneston Limestone is conformably
overlain by the Doyle Shale, and the base of the for-
mation is conformably underlain by the Matfield
Shale (see Text-fig. 2).

Microfacies Subdivision

The Barneston Limestone of the GW-3 core has
been vertically subdivided into seven distinctive
carbonate microfacies. These microfacies reflect
changing paleodepositional settings. The data are
documented on the summary sheet (Text-fig. 5).

The lower Florence Limestone Member is sub-
divided (from bottom to top) into three microfacies:

SILTY/COATED-GRAIN / SKELETAL WACKESTONE
MICROFACIES (base) is 1.2 ft thick and consists pri-
marily of irregular-shaped coated grains and skel-
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etal debris in a silty micritic matrix. The coated
grains generally have skeletal nuclei consisting of
mud-filled snails (Pl. 2, Fig. 9) or fragments of fe-
nestrate bryozoans. Some coated-grain laminae
contain encrusting foraminifers and tubules of the
blue-green alga Girvanella. The fusulinid Oketaella
and various smaller foraminifers are rare compo-
nents. The lithology and microfauna of this micro-
facies suggest deposition in moderately agitated,
shallow water.

DOLOMITIZED BRYOZOAN / SKELETAL WACKESTONE
TO PACKSTONE MICROFACIES is 2.7 ft thick (93.3-90.6
ft) and consists of finely dolomitized skeletal rock
with common, generally unbroken, fenestrate and
ramose bryozoan fronds and crinoid columnals
(Pl. 2, Figs. 7,8). Some crinoidal columnals are par-
tially silicified and have syntaxial calcite over-
growths. The upper portion of this microfacies is
slightly shaly. The lithology and microfauna sug-
gest deposition of this microfacies in somewhat
deeper, quiet water.

LEACHED FORAM WACKESTONE MICROFACIES is
10.1 ft thick (89.4-79.3 ft) and consists dominantly
of porous (leached), recrystallized, foraminiferal
wackestone to packstone. The microfauna is char-
acterized by a relatively abundant and diverse for-
aminiferal assemblage comprising the diagnostic
fusulinid Oketaella (P1. 2, Fig. 4), rare occurrence of
the fusulinid Schwagerina, whose chambers can be
plugged with baroque dolomite (Pl. 2, Fig. 3), En-
dothyra, Globivalvulina, Tetrataxis, palaeotextularids
(P1. 2, Fig. 5), and the nodosarids Geinitzina and
Nodosinella. Chert nodules occur at 89.1 ft and con-
tain common monaxon sponge spicules (Pl. 2, Fig.
6). The blue-green alga Girvanella occurs only rarely
as coatings on skeletal fragments. Some skeletal
grains are partially silicified, and some crinoid
columnals have syntaxial calcite overgrowths. A
few horizons in the core appear to be burrowed,
and microstylolites are relatively common within
this interval. The lithology and microfauna suggest
that this interval was deposited during a phase of
overall upward shoaling.

The overlying Fort Riley Limestone Member can
be subdivided (from bottom to top) into the follow-
ing four microfacies:

COATED-GRAIN PACKSTONE/WACKESTONE/
GRAINSTONE MICROFACIES is 12.9 ft thick (78.4-65.5
ft) and consists of relatively well-sorted coated
grains (P1. 2, Fig. 1). Many of these coated grains
have the fusulinid Nankinella and fenestrate bryo-
zoan fragments as nuclei. Uncoated Oketaclla reach
their greatest abundance within this microfacies.
Smaller foraminifers such as Globivalvuling and the
nodosarids occur in most intervals, and there are
sporadic occurrences of fragments of the dasyclad
alga Epimastopora. In addition, some well-devel-
oped microstylolites (PL. 2, Fig. 2), along with par-
tially silicified skeletal grains and scattered patches
of dolomite rhombs, occur within this microfacies.
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The lithology and microfauna indicate that this
microfacies was deposited in very shallow, gener-
ally well-agitated waters. This microfacies repre-
sents the shallowest paleodepositional phase
within the Barneston Limestone.

LEACHED CRINOIDAL/SKELETAL PACKSTONE TO
W ACKESTONE MICROFACIES is 14.4 ft thick (64.6-50.2
ft) and consists of leached skeletal wackestones to
packstones containing much crinoidal debris. This
microfacies contains two thin shale intervals. Scat-
tered patches of micritic rock with floating dolomite
rhombs occur within a few horizons, as do well-
sorted coated grains. The lower two-thirds of this
microfacies interval carries a representative micro-
fauna consisting of fragments of the dasyclad alga
Epimastopora, the fusulinids Oketaella and Nankin-
ella, and the smaller foraminifers Tetrataxis, Nodosin-
ella, and Geinitzina. Interestingly, Oketaella, Nankin-
ella, and Tetrataxis do not occur above the 55-ft in-
terval. This abrupt cutoff point was also observed
in the Vap’s Pass outcrop section (see Text-fig. 4).
From 60.5 ft down to the base of this microfacies,
abundant, very small, planispirally coiled foramini-
fers (Cornuspira) make their appearance, whereas
Globivalvulina consistently occurs throughout this
microfacies. Some intervals within this microfacies
contain silty crinoidal wackestones. Microstylolites
are also common within this microfacies, and some
crinoid columnals have syntaxial calcite over-
growths. Close to the top of this microfacies there
are a few horizons that contain small voids plugged
with baroque dolomite. The lithology and micro-
fauna suggest deposition of this microfacies in rela-
tively shallow, moderately agitated waters that ap-
pear to have deepened near the top of this unit
when an influx of bryozoans entered the biota.

INTERBEDDED SILTY SHALE AND MOLLUSCAN
PACKSTONE TO WACKESTONE MICROFACIES is 7.4 ft
thick (48.1-40.7 ft) and consists of thin-bedded skel-
etal (dominantly molluscan) packstones to wacke-
stones, separated by gray-green shales. Some hori-
zons carry bored molluscan shells serving as nuclei
of coated grains. Some borings are distinctive and
are attributed to barnacles (Toomey and others,
1988). Commonly, whole specimens of small claims
and snails are either mud-filled or filled with pel-
oids. No skeletal algae or fusulinid foraminifers
were identified from this microfacies, but smaller
foraminifers are represented by patchy occurrences
of common to abundant Globivalvulina, Cornuspira,
and nodosarids. The lithology and microfauna of
this microfacies suggest deposition in relatively
deeper, less agitated water. Common coated grains
toward the top of the interval suggest a shift to dep-
osition in shallower, more agitated water.

SILTY / COATED-GRAIN / SKELETAL WACKESTONE TO
GRAINSTONE MICROFACIES, at the top of the Barnes-
ton Limestone Formation, is 2.2 ft thick (39.6-37.4
ft). This unit consists of silty/ coated-grain/skeletal
wackestones to grainstones. A single coated-grain
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horizon (37.8 ft) contains skeletal grains with poorly
developed fringes of isopachous early submarine
cements. Mud clasts occur in a few horizons; at 39.6
ft they contain distinctive mud-filled barnacle bor-
ings. At one interval (38.8 ft), the micritic matrix
contains small voids plugged, in part, with baroque
dolomite. Smaller foraminifers are represented by
rare to abundant occurrences of Globivalvulina and
Nodosinella. A few dasyclad algal (Epimastopora)
fragments occur at 38.3 ft. Lithology and micro-
fauna indicate that this microfacies represents the
culmination of the overall upward shoaling of the
Barneston Limestone. This microfacies is conform-
ably overlain by gray-green shale of the younger
Doyle Shale.

Paleodepositional Summary

Examination of the summary sheet (Text-tig. 5)
for the GW-3 core of the Barneston Limestone,
taken at the Conoco test facility, shows the lime-
stone to be composed principally of stacked carbon-
ates, with the exception of the uppermost 13 ft. That
interval is characterized by thin limestones with
interbedded shales. When the GW-3 core is com-
pared to the Vap’s Pass outcrop section (Text-fig. 6),
nearly identical microfacies can be seen in both in-
tervals. The cored section is slightly thicker and ap-
pears not to have suffered the erosion seen in the
outcrop measured section. Accordingly, the inter-
bedded silty shale/molluscan wackestone to pack-
stone microfacies is more fully developed in the
core, and it is capped with the silty/coated-grain/
skeletal wackestone to grainstone microfacies, a
microfacies seen at the base of the formation. The
sedimentary units are repetitive and indicate a con-
tinual shifting of paleodepositional settings rang-
ing from very shallow-marine waters to somewhat
deeper, less agitated waters. Depth ranges appear
to have been from 5 to 50 ft. The shallowest intervals
are represented by the coated-grain wackestone to
grainstone microfacies. There is no evidence that
the Barneston Limestone interval ever experienced
subaerial exposure during overall deposition.

OCCURRENCE AND SIGNIFICANCE
OF FUSULINIDS IN THE
BARNESTON LIMESTONE

Fusulinid foraminifers occur in the Barneston
Limestone, and their occurrence does offer some
insight regarding time-stratigraphic relationships
and paleoecologic observations.

The relatively small fusulinid Oketaella has both
a restricted vertical time-stratigraphic range and a
rather limited geographic range, as it has been re-
ported previously only from rocks of Early Permian
age in Kansas and north-central Texas. In Kansas,
this form is common in the Oketo Shale (Thomp-
son, 1954, p. 35), a thin shale that generally sepa-
rates the Fort Riley Limestone Member from the
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underlying Florence Limestone Member. South-
ward, into northern Oklahoma, the Oketo Shale is
either very thin or absent. Hence, in this region the
two limestones lie in conformable contact. Al-
though there has obviously been a lateral facies
change into northern Oklahoma, the fusulinid
biofacies remains constant. In vertical sequence,
Oketaella does not range above or below the Barnes-
ton Limestone. In fact, as we have seen, there is a
distinct cutoff point for Oketaella that occurs two-
thirds of the way up into the Fort Riley Limestone
Member. Accordingly, Oketaclla can be regarded as
a good regional biostratigraphic marker.

The uniquely shaped, planispirally coiled fusu-
linid Nankinella is not a restricted biostratigraphic
marker. Its vertical stratigraphic range is from low
in the Pennsylvanian to near the close of Permian
time, and its geographic distribution is cosmopol-
itan. However this form does have unique morpho-
logical attributes that have paleoecological impor-

tance. Being planispirally coiled, it has a shell (test)
architecture similar to coiled nautiloid cephalo-
pods, and it possesses a relatively thick, heavy test,
not a streamlined fusiform test that is common to
most fusulinids. Accordingly, Nankinella was prob-
ably a restricted benthic form, active on, or close to,
the substrate in a position most susceptible to algal/
foraminiferal coatings. Indeed, most occurrences of
Nankinella are as skeletal-grain nuclei for osagid
(algal/foraminiferal) coated grains. Generally, Nan-
kinella only occurs in microfacies in which coated
grains are common.

Only a few uncoated fragments of the rela-
tively large fusiform fusulinid Schwagerina were
observed. Schwagerina ranges from latest Pennsyl-
vanian time through the Early Permian and has a
cosmopolitan geographic distribution. Within the
Barneston Limestone, Schwagerina only occurs in
the leached foram microfacies of the Florence Lime-
stone Member.
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DIAGENESIS

As is usual in carbonates, diagenesis appears to
be a rather complicated ongoing process. Unequiv-
ocal petrographic evidence for early submarine ce-
mentation, manifesting itself in the form of marine
isopachous cements on skeletal grains, is only ap-
parent in the uppermost microfacies (silty/coated-
grain/skeletal wackestone to grainstone) present in
the GW-3 core. However, grain packing and overall
grain morphology of the coated-grain wackestone
to grainstone microfacies suggests early cementa-
tion for this microfacies. Probably, original iso-
pachous cements were removed during later disso-
lution and replaced with epigenetic spar calcite ce-
ments. Random partial skeletal-grain silicification,
syntaxial calcite overgrowths, and the presence of
scattered dolomite rhombs in patches of micrite
were alsc relatively early diagenetic phenomena.
Dissolution is the most obvious and perhaps the
most consistent diagenetic process to affect the
Barneston Limestone. This is especially apparent in
the leached foram wackestone and leached cri-
noidal/skeletal packstone to wackestone micro-
facies, and probably was initiated late in the para-
genetic sequence. The occurrence of microstylolites,
resultant compaction, and the plugging of matrix
and skeletal voids with baroque dolomite appears
to be a very late diagenetic event. The occurrence of
minor baroque dolomite would suggest the pres-
ence of open pathways that carried hydrothermal
solutions, perhaps in a deeper burial environment.

CONCLUSIONS

Microfacies correlation of units of the Early Per-
mian Barneston Limestone, present in outcrop and
core over a distance of 3.2 mi, show the interval to
comprise seven microfacies. Microfacies, from bot-
tom to top, include: (1) silty/ coated-grain /skeletal
wackestone, (2) bryozoan/skeletal packstone to
wackestone, (3) leached foram wackestone, (4)
coated-grain packstone to grainstone, (5) leached
crinoidal /skeletal packstone to wackestone, (6)
interbedded shale/molluscan packstone to wacke-
stone, and (7) silty /coated-grain/skeletal wacke-
stone to grainstone. The microfacies reflect various
biological and physical parameters associated with
changing paleodepositional settings on the Cen-
tral Oklahoma Platform. Shifting paleodepositional
settings range from very shallow marine waters to
somewhat deeper, less agitated waters. Depth
ranges are interpreted to have been from 5 to 50 ft.
The microfacies deposited within the shallowest
paleodepositional setting is the coated-grain pack-
stone to grainstone microfacies. The top of the
Vap's Pass outcrop section has been eroded, hence
two microfacies present in the GW-3 core (inter-

205

bedded shale/molluscan packstone to wackestone
and silty/coated-grain/skeletal wackestone to
grainstone) are not present on outcrop.

Fusulinids are relatively rare biotic components
within the Barneston Limestone, but Oketaella has a
limited geographic distribution and restricted ver-
tical time-stratigraphic range and may be regarded
as a good regional biostratigraphic marker.

Diagenesis has altered this rock sequence, but
petrographic evidence suggests rather early subma-
rine cementation for some microfacies. Dissolution
of skeletal grains and early cements, and subse-
quent replacement with epigenetic spar calcite ce-
ments, appears to be common throughout and is
the most obvious diagenetic process to affect the
Barneston Limestone.
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APPENDIX 1:

Measured Section of the Barneston Limestone
(Early Permian, Wolfcampian), Vap’s Pass,
Northeastern Kay County, Northern Oklahoma

This outcrop is located in northeastern Kay County, northern Oklahoma, and can
be reached by proceeding east for ~6 mi from the town of Newkirk, on the Newkirk
Road, and crossing the bridge over the Arkansas River. Outcrops of the Barneston
Limestone are well exposed on the hill, in a road cut situated on the east bank of the

river, in what is locally called Vap’s Pass.

This measured section of the Barneston Limestone comprises the Florence Lime-
stone and overlying Fort Riley Limestone Members. The Barneston Limestone is
conformably underlain by the Matfield Shale. This section was measured and col-
lected by Toomey, D’Onfro, and Rizer on May 17, 1988.

BARNESTON LIMESTONE (41.1 ft)

Florence Limestone Member (17.1 ft).—The Flor-
ence Limestone (Thin Sections 1A-6A) consists of
thin- to massive-bedded limestones (with one dis-
tinctive chert interval) and interbedded shales.

ROCK UNIT 1 is a single bed of gray fossiliferous
limestone 1.3 ft thick.

S1LTY/COATED-GRAIN/SKELETAL WACKESTONE
MICROFACIES

Thin Sections 1A-1C (1.3 ft):

1A (base of bed)—A recrystallized, slightly
porous, silty/slightly peloidal/coated-grain
skeletal (molluscan/foram) wackestone (re-
crystallized to microspar) with scattered
mud clasts and coated grains with algal/
foram coatings; skeletal debris is of two dis-
tinct sizes: (1) abundant, small, well-sorted
skeletal grains consisting of many Globival-
vulina and Tetrataxis, less abundant Syzrania
and Oketaella, along with rare Tuberitina,
fenestrate bryozoan fragments, ostracodes,
crinoid columnals, and Girvanella fragments;
and (2) less abundant, relatively large, bro-
ken molluscan fragments (clams and mud-
filled snails), and brachiopod fragments,
some of these grains having mud-filled bor-
ings and most having algal/foram coatings,
along with a few partially silicified grains.

1C (top of bed)—A slightly silty/peloidal/
coated-grain wackestone; coated-grain nu-
clei consist of mud clasts, molluscan frag-
ments (including Pinna, with mud-filled bor-
ings), brachiopod fragments (mainly Derbyia,
a few with mud-filled borings), echinoid
spines and crinoid columnals; most coated
grains have well-developed algal /foram
coatings with well-preserved Girvanella tu-
bules; other matrix skeletal debris, generally
uncoated, consists primarily of molluscan
fragments (clams and mud-filled snails), in
addition to Tetrataxis, rare, small Globival-
vulina, Tuberitina, Cornuspira, Oketaella, Gir-

vanella tubules, fenestrate bryozoan frag-
ments, Tabulipora, Spirorbis, a Myalina frag-
ment (partially silicified), ostracodes, and
echinoid spines (a few partially silicified).

ROCK UNIT 2 is a thin-bedded, dark-gray, argil-
laceous limestone interbedded with gray-green
shales 3.8 ft thick. Two prominent limestone beds
are present in this unit: (1) the lower limestone is
2.5 fi thick and contains Myalina and Derbyia, and
(2) the upper limestone consists of thin interbeds of
limestones and shales 0.9 ft thick.

DoOLOMITIZED BRYOZOAN/SKELETAL WACKESTONE
WITH INTERBEDDED SHALE MICROFACIES

Thin Sections 2A-2B (3.8 ft):

2A (base of bed)—A recrystallized, dolomitized,
silty / peloidal/skeletal wackestone with
scattered molluscan and brachiopod frag-
ments (a few of which are bored and par-
tially silicified); molluscan fragments in-
clude Pinna, indeterminate whole, spar-
filled clams (some with mud-filled borings)
and mud-filled snails; brachiopod fragments
appear to be Derbyia (partially silicified);
other matrix skeletal grains include a single
Syzrania, fenestrate bryozoan fragments,
rare ostracodes, crinoid columnals, and fish
teeth; a few of the molluscan fragments have
poor algal/foram coatings; rock with com-
mon pyrite.

2B (middle of bed)—A partially dolomitized,
porous (leached), silty /skeletal wackestone
consisting of a jumbled mass of finely bro-
ken shell debris comprising abundant fenes-
trate bryozoans, less common crinoid col-
umnals and echinoid spines (some with syn-
taxial calcite overgrowths, and a few par-
tially silicified); scattered molluscan (Pinna)
fragments, some of which are partially silici-
fied, crushed and distorted, rare trilobite
fragments, ostracodes, brachiopod fragments,
Spirorbis, and fish teeth fragments, along
with a few Oketaella, scattered Nodosinella
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and Syzrania, and rare Tetrataxis and Tuberi-
tina; rock with scattered pyrite.

Subunit 2B,a (thin limestone at bottom of
bed)—A burrowed, dolomitized, leached,
silty / peloidal/skeletal wackestone with
much finely broken skeletal debris in-
cluding common Syzrania, rare Tetrataxis,
fenestrate bryozoan fragments, ?Tabuli-
pora, Pinna fragments, brachiopod frag-
ments (some partially silicified and bored),
ostracodes, crinoid columnals and echi-
noid spines, and rare fish remains; rock
with scattered pyrite and a single calcite-
plugged microfracture.

Subunit 2B, ¢ (thin limestone on top of bed)—
A porous (leached), dolomitized, slightly
silty / peloidal/skeletal wackestone with
abundant finely broken skeletal debris
consisting of abundant fenestrate bryo-
zoans, scattered brachiopod fragments,
crinoid columnals and echinoid spines
(some partially silicified), few Oketaella,
Syzrania, ostracodes, and rare fish re-
mains; scattered pyrite.

ROCK UNIT 3 is a recrystallized limestone 2.8 ft

thick, flaggy at the base, with some cross- and par-

allel stratification. This unit contains a distinctive

layer of “cannonball” chert nodules. Chert may

have fillecdl and replaced large horizontal burrows.

LEACHED FORAM WACKESTONE MICROFACIES
Thin Sections 3A-6A (12 ft):

3A (base of bed)—A porous (leached), slightly

3C

dolomitized, peloidal/skeletal (foramin-
iferal/bryozoan) wackestone with much
finely broken skeletal debris including abun-
dant fenestrate bryozoan fragments, scat-
tered crinoid columnals (some partially silic-
ified and with poorly developed syntaxial
calcite overgrowths), scattered Nodosinella,
rare Tetrataxis, Geinitzina, and Globivalvuling,
single Syzrania, Tuberitina, ?Endothyra, and
palaeotextularid, few Oketaella, rare brachio-
pod fragments, ostracodes, echinoid spines,
and fish teeth; rare pyrite.

(top of bed)—A porous (leached), cherty,
peloidal/skeletal (foram/bryozoan) wacke-
stone with much finely broken skeletal de-
bris consisting of abundant fenestrate bryo-
zoans, brachiopod fragments, lesser crinoid
columnals (some partially silicified), com-
mon palaeotextularids, Globivalvulina, No-
dosinella, Tuberitina, Endothyra, Oketaella,
Tetrataxis, Geinitzina, sponge spicules, ostra-
codes, echinoid spines and fish teeth; in-
cludes chert fragments with ghost images of
skeletal debris, especially Tetrataxis; few
algally? coated fragments, small whole bra-
chiopod and fragments.
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ROCK UNIT 4 is a single bed of light-gray lime-
stone 2.9 ft thick, with low-angle sediment cross-
stratification, burrows, Pinna clams in growth posi-
tion, and scattered Composita.

4A

4B

4C

(base of bed)—A silty/peloidal/skeletal
wackestone with many finely broken skel-
etal grains consisting of abundant fenestrate
bryozoan fragments, and lesser crinoid col-
umnals and echinoid spines, ostracodes, and
forams (Syzrania, Tuberitina, Geinitzina, Tetra-
taxis, Nodosinella, Globivalvulina, Oketaella),
brachiopod and trilobite fragments; few
skeletal grains with poor algal/foram coat-
ings; few fish remains; scattered pyrite.

(middle of bed)—A slightly porous, pel-
oidal/silty /skeletal/coated-grain wacke-
stone to packstone with much broken skel-
etal debris among patches of sparry matrix;
skeletal debris contains a single Epimastopora
fragment, common small Globivalvulina and
Nodosinella, lesser Syzrania, Endothyra,
Tuberitina, Geinitzina, Oketaella, rare Gir-
vanella tubules, sponge spicules, fenestrate
bryozoan fragments, rare fistuliporid bryo-
zoan fragments, molluscan fragments in-
cluding Pinna, ostracodes, echinoid spines,
crinoid columnals, trilobite fragments, and a
single fish tooth; some coated grains with
heavily micritized coatings; scattered pyrite.

(top of bed)—A slightly silty, burrowed,
peloidal/skeletal wackestone with broken
skeletal debris including common Tuberitina
and Tetrataxis, rare Globivalvulina, Geinitzina,
Syzrania, and Oketaella, scattered fenestrate
bryozoan fragments, few small, whole bra-
chiopods and one large partially silicified
Derbyia fragment with algal/foram coatings,
molluscan fragments, sponge spicules, and
rare crinoid columnals (one partially silici-
fied); scattered pyrite.

ROCK UNIT 5is a gray limestone 3.3 ft thick with
low-angle cross-stratification containing abundant
Composita on the surface.

5A

(base of bed)—A burrowed, silty/peloidal/
skeletal wackestone with much broken shell
debris including a few fragments of Epimas-
topora, common small Globivalvulina, less com-
mon Tetrataxis, Tuberiting, Syzrania, Geinitzina,
Nodosinella, Oketaella, Nankinella, scattered
coated grains with algal/foram coatings, fe-
nestrate bryozoan fragments, single fistu-
liporid bryozoan fragment, molluscan frag-
ments including Pinna and mud-filled snails,
brachiopod fragments including Derbyia,
ostracodes, trilobite fragments, echinoid
spines (few partially silicified), and crinoid
columnals, rare fish remains; rock with few
sparry patches and scattered pyrite.
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5C (top of bed)—A recrystallized leached fora-
miniferal wackestone with laminar coatings
of algae/forams encrusted by Tubiphytes;
greatest percentage of coatings seems to be
diagenetically altered Girvanella tubules,
giving the rock an almost boundstone fabric;
scattered skeletal debris includes Syzrania,
Tetrataxis, Tuberitina, Globivalvulina, Nodo-
sinella, ?Endothyra, Oketaella, fenestrate bryo-
zoan fragments, brachiopods including whole
specimens and fragments of Composita, ostra-
codes, and rare crinoid columnals.

ROCK UNIT 6 is a gray limestone 6.1 ft thick char-
acterized by low-angle cross-stratification, the bra-
chiopods Antiquatonia and Composita, and filled
burrows.

6A (base of bed)—A porous (leached), bur-
rowed, silty /peloidal/skeletal (forami-
niferal)/ wackestone with scattered coated
grains and much broken skeletal debris in-
cluding rare Epimastopora and Girvanella
fragments, possible Tubiphytes fragments,
coated grains with heavily micritized coat-
ings, scattered foraminifers including Tetra-
taxis, Tuberitina, Globivalvulina, Syzrania,
Endothyra, Nodosinella, Geinitzina, Oketaella,
and mud-filled Schwagerina, fenestrate bryo-
zoan fragments, molluscan fragments in-
cluding Pinna and snails, brachiopod frag-
ments, ostracodes, echinoid spines and cri-
noid columnals (in part silicified); rock with
sparry patches, poorly developed microsty-
lolites, and scattered pyrite.

Fort Riley Limestone Member.—The Fort Riley
Limestone (Thin Sections 6C-12) consists of 24 ft of
more massive limestones, forming distinctive
ledges, and grading upward into thinner-bedded
limestones and interbedded shale.
COATED-GRAIN PACKSTONE TO GRAINSTONE
MICROFACIES

Thin Sections 6C-7C (9.3 fb):

6C (top of bed)—A coated grain packstone to
grainstone, with variable coated-grain nuclei
comprising Nankinella, mud-filled snails,
fenestrate, and fistuliporid bryozoans, mol-
luscan fragments (some bored), echinoid
spines, and crinoid columnals (some bored),
Epimastopora, mud clasts, fistuliporid bryo-
zoans, brachiopod fragments, and Tetrataxis;
loose, generally uncoated skeletal grains
consist of common Oketaella, less common
Geinitzina, snails, brachiopod fragments
(some partially silicified and bored), ostra-
codes, and echinoid spines; some fine quartz
silt incorporated in coated grains.

ROCK UNIT 7 is a gray limestone 6.2 ft thick with
low-angle cross-stratification.
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7A (base of bed)—A leached silty /coated-grain
packstone to grainstone with variable
coated-grain nuclei consisting of fenestrate
and fistuliporid bryozoans, molluscan frag-
ments, including mud-filled snails, Nan-
kinella, Oketaella, Epimastopora, brachiopod
fragments, ostracodes, and crinoid colum-
nals; loose, generally uncoated grains con-
sisting of Oketaella, mud-filled snails, ostra-
codes, trilobite fragments, echinoid spines
and crinoid columnals (some partially silici-
fied); some fine quartz silt incorporated in
coated grains; incipient microstylolites with
concentrations of quartz silt.

7C (top of bed)—A porous, slightly silty, skele-
tal/coated-grain packstone to wackestone,
with abundant crinoid columnals and echi-
noid spines; coated grains less abundant
than below, with nuclei of Epimastopora,
Nankinella, fenestrate bryozoans, molluscan
fragments, echinoid spines, crinoid colum-
nals, and mud-filled snails; loose, uncoated
skeletal grains include the foraminifers
Nodosinella, Globivalvulina, Geinitzina, and
Oketaella, along with molluscan fragments,
ostracodes, trilobite fragments, echinoid
spines and crinoid columnals; scattered py-
rite.

ROCK UNIT 8is a gray muddy skeletal limestone
3.5 ft thick.

LEACHED CRINOIDAL/SKELETAL PACKSTONE TO
WACKESTONE MICROFACIES

Thin Sections 8A-10C (11.9 ft):

8A (base of bed)—A skeletal/coated-grain
wackestone to packstone with abundant cri-
noid columnals and echinoid spines; coated-
grain nuclei include Spirorbis, brachiopod
fragments, molluscan fragments including
mud-filled snails, fenestrate bryozoans, rare
Nankinella, echinoid spines and crinoid col-
umnals; loose, uncoated skeletal grains com-
prise rare Epimastopora, Globivalvulina,
Geinitzina, Nodosinella, Cornuspira, mud-
filled Oketaella, brachiopod fragments, fenes-
trate bryozoans, ostracodes, trilobite frag-
ments, crinoid columnals and echinoid
spines (some with mud-filled borings), and
a single fish remain; incipient microstylolites
and scattered pyrite.

8B (middle of the bed)—A slightly porous, re-
crystallized, peloidal/skeletal wackestone
with scattered coated grains; coated-grain
nuclei are molluscan fragments, fenestrate
bryozoans, and rare Nankinella; loose skel-
etal grains consist of common to abundant
crinoid columnals and echinoid spines
(some with mud-filled borings), common
Globivalvulina, lesser Nodosinella, rare
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Geinitzina, Cornuspira, Tuberitina, single large
Epimastopora fragment, fenestrate bryozo-
ans, molluscan fragments including Pinna
and mud-filled snails, brachiopod fragments
including one whole spar-filled specimen,
ostracodes, trilobite fragments, and a fish
tooth; some poorly developed microstylo-
lites, and scattered pyrite.

8C (top of bed)—A porous, recrystallized (dolo-
mitized) skeletal/wackestone with scattered
coated grains; coated-grain nuclei include
Nankinella, molluscan fragments, fenestrate
bryozoans, brachiopod fragments, and
crinoid columnals; loose uncoated skeletal
grains are common Globivalvulina, less com-
mon Calcivertella, Geinitzina, Nodosinella,
Tuberitina, Cornuspira, fenestrate bryozoan
fragments, molluscan fragments including
mud-filled snails, brachiopod fragments,
ostracodes, trilobite fragments, common cri-
noid columnals and echinoid spines; incipi-
ent microstylolites, and scattered pyrite.

ROCK UNIT 9 is a gray, slabby limestone 2.5 ft
thick with Antiquatonia, Derbyia, Composita, Myalina,
Pinna, Straparolus, a scaphopod, and a tabulate coral
colony; surface of unit with Thalassinoides burrows.

9A (base of bed)—A recrystallized, slightly do-
lomitized, leached skeletal wackestone with
a large Epimastopora fragment and common
to abundant crinoid columnals and echinoid
spines, with scattered skeletal grains includ-
ing common Globivalvulina, less common
Nodosinella, rare Nankinella, Tuberitina, Cor-
nuspira, and Nankinella, fenestrate bryozoan
fragments, ?Tabulipora, molluscan fragments
including a whole clam and mud-filled
snails, brachiopod fragments, ostracodes,
trilobite fragments, a fish tooth, and scat-
tered coated grains with nuclei of molluscan
fragments, fenestrate bryozoans, and echi-
nodermal debris (some with mud-filled bor-
ings); rock with incipient microstylolites and
scattered pyrite.

9C (top of bed)—A recrystallized, dolomitized
skeletal wackestone with an entire tabulate
coral colony (corallites with Spirorbis encrus-
tations), common crinoid columnals and
echinoid spines (few with mud-filled bor-
ings), common Globivalvulina, less common
Nodosinella, rare Syzrania, Tuberitina, and
Cornuspira, a few scattered coated grains, fe-
nestrate bryozoan fragments and Tabulipora,
whole mud-filled clams and molluscan frag-
ments including Pinna and mud-filled snails,
ostracodes, trilobite fragments, and a fish
tooth; rock with incipient microstylolites
and scattered pyrite.

ROCK UNIT 10 is a single bed of gray limestone
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5.9 ft thick with vertical burrows 6 in. long, ~2 ft
below the top of the unit.

10A (base of bed)—A burrowed, recrystallized,
skeletal wackestone with broken skeletal
grains consisting of abundant molluscan
fragments (including Pinna and Myalina
and mud-filled snails, and a few small,
whole, cement-filled clams), with common
crinoid columnals and Globivalvulina, rare
Nodosinella, Geinitzina, Calcivertella, Syzrania,
Tuberitina, and Cornuspira, few, scattered
coated grains, fenestrate bryozoan fragments,
Spirorbis, brachiopod fragments (Derbyia),
trilobite fragments, ostracodes, and echi-
noid spines; rock with microstylolites and
scattered pyrite.

10B (middle of bed)—A partially recrystallized,
skeletal (molluscan) wackestone to pack-
stone with abundant molluscan fragments
(including a few small, whole clams, abun-
dant clam fragments, and abundant mud-
filled snails), along with common crinoid
columnals; other skeletal grains include
scattered Globivalvulina, rare Syzrania,
Tuberitina, Calcivertella, Cornuspira, fenes-
trate bryozoan fragments, brachiopod frag-
ments, ostracodes, and echinoid spines; in-
cipient microstylolites and scattered pyrite.

10C (top of bed)—A recrystallized, slightly
leached, skeletal wackestone with abundant
Globivalvuling and crinoid columnals (some
with syntaxial calcite overgrowths), broken
molluscan fragments including mud-filled
snails, fenestrate bryozoan fragments, rare
brachiopod fragments, Nodosinella, Cornus-
pira, Calcivertella, ostracodes, trilobite frag-
ments, and echinoid spines; rock with micro-
stylolites and scattered pyrite.

SHALE/MOLLUSCAN PACKSTONE TO WACKESTONE
MICROFACIES

Thin Sections 11-12 (2.8 ft):

ROCK UNIT 11 consists of 1.8 ft of gray-green
shale.

ROCK UNIT 12 is the youngest bed exposed at this
section and consists of 1 ft of gray, wavy-bedded,
fossiliferous limestone with abundant Myalina,
Pinna, and lesser Composita; bottom of bed is cov-
ered with Thalassinoides burrows.

12—A recrystallized, slightly silty, and peloidal/
molluscan wackestone to packstone with
abundant broken molluscan debris includ-
ing mud-filled snails, scattered crinoid
columnals and Globivalvulina, rare brachio-
pod fragments, fenestrate bryozoan frag-
ments, Calcivertella, Cornuspira, Nodosinella,
Tuberitina, Earlandia, Spirorbis, a few small
whole brachiopods (mud-filled), rare echi-
noid spines; few coated shell fragments.
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APPENDIX 2:

Thin-Section Descriptions of the GW-3 Core,
Conoco Test Facility, Kay County, Northern Oklahoma

Primary coring objective: Fort Riley Limestone Member of the Barneston Limestone;
described cored interval 33.5-95.5 ft; core taken August 1988.

Top of Fort Riley Limestone Member of the
Barneston Limestone:

SILTY/COATED-GRAIN/SKELETAL WACKESTONE TO
GRAINSTONE MICROFACIES (37.4-39.6 ft):

Footage

374

37.8

38.3

38.8

39.6

Description

A burrowed, silty coated-grain/skeletal
(molluscan) wackestone; coated grains with
algal/foram coatings including Girvanella,
and with nuclei composed of crinoid col-
umnals and molluscan fragments; loose skel-
etal debris comprises rare Tuberitina, Calci-
vertella, Globivalvulina, Derbyia fragment,
molluscan fragments, mud-filled snails, and
crinoid columnals; scattered pyrite.

A coated-grain/skeletal grainstone to pack-
stone with poorly developed fringes of iso-
pachous cements on some grains; coated
grains with obvious foraminiferal compo-
nent, and nuclei of molluscan fragments (a
few with borings), snails, fenestrate bryo-
zoans, Spirorbis, echinoid spines, and crinoid
columnals; loose skeletal debris consists of:
common to abundant Globivalvulina, less
abundant Calcivertella, Tuberitina, Nodosinella,
Spirorbis, molluscan fragments (some bored),
mud-filled snails, crinoid columnals, a few
small mud clasts, and echinoid spines; some
tests of Globivalvulina are mud-filled.

Description as above, but with a few more
mud clasts; rare Epimastopora fragments,
Earlandia, molluscan fragments with mud-
filled borings, mud-filled clams and ostra-
codes.

A burrowed, slightly silty/skeletal wacke-
stone with scattered coated grains; skeletal
debris finely broken and consisting of Calci-
vertella, Nodosinella, Globivalvulina, fenestrate
bryozoans, brachiopod fragments, molluscan
fragments, ostracodes (some mud-filled),
crinoid columnals and echinoid spines; rare
mud clasts; few voids plugged with calcite
and baroque dolomite; some dissolution of
skeletal grains.

A slightly silty/skeletal wackestone with
some relatively large flat clasts with promi-
nent mud-filled barnacle borings and en-
crustations of Spirorbis (some truncated)
and Calcivertella; clasts are peloidal/skeletal
wackestone; finely broken loose skeletal de-

bris comprises Calcivertella, Nodosinella, Globi-
valvulina, brachiopod fragments, Spirorbis,
molluscan fragments (few with algal/foram
coatings), ostracodes and crinoid columnals;
rare baroque dolomite rhombs in micro-
fractures in clasts, and in burrows.

INTERBEDDED SILTY SHALE/MOLLUSCAN PACK-
STONE TO WACKESTONE MICROFACIES (40.7-48.1 ft):

40.7

41.7

43.3

45.1

46.2

A slightly silty, recrystallized, somewhat
leached skeletal (dominantly molluscan)/
coated-grain packstone with common cri-
noid columnals (some with syntaxial calcite
overgrowths); coated-grain nuclei are mol-
luscan fragments (some with mud-filled bor-
ings) and fenestrate bryozoans; loose skeletal
debris composed of common Cornuspira and
Globivalvulina, less common fenestrate bryo-
zoans, molluscan fragments, mud-filled
snails and ostracodes, crinoid columnals
(some with mud-filled borings), and rare fish
remains; few patches of mud with scattered
dolomite rhombs and fine pyrite.

A recrystallized, slightly leached, silty/skel-
etal (dominantly finely broken molluscan
fragments and crinoid columnals) wacke-
stone; loose skeletal debris consists of com-
mon Cornuspira and Globivalvulina, lesser
Calcivertella, Tuberitina, fenestrate bryozoans,
Spirorbis, brachiopod fragments, mud-filled
snails, a few whole clams, ostracodes, echi-
noid spines, rare fish remains, and a few
skeletal grains with algal/foram coatings;
few muddy patches with scattered dolomite
rhombs.

A silty /pyritic/laminar/skeletal (clams)
packstone; some shells with silt and pyrite-
filled borings, and what appear to be fans of
submarine cements clustered under and be-
tween clam shells; other skeletal components
include common fish remains, a single mud-
filled snail and a few ostracodes; scattered
pyrite.

A laminated quartz siltstone with scattered
pyrite.

A burrowed, slightly silty, slightly peloidal /
skeletal wackestone, recrystallized in part
to microspar, with common Globivalvilina,
lesser Nodosinella, Calcivertella, finely broken
fenestrate bryozoans and molluscan frag-
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ments, brachiopod fragments, few grains with
algal/foram coatings, snails, ostracodes, cri-
noid columnals and echinoid spines; some
molluscan fragments with mud-filled borings;
incipient microstylolites.

A recrystallized skeletal (dominantly mollus-
can)/ coated-grain wackestone to packstone;
coated-grain nuclei are molluscan fragments,
some with mud-filled borings; Girvanella
present in some coated grains; loose skeletal
debris comprises Nodosinella, fenestrate and
ramose bryozoan fragments, brachiopod frag-
ments, Spirorbis, clams and snails (some mud-
filled), ostracodes, crinoid columnals, and fish
remains; scattered pyrite.

A laminar, slightly silty /skeletal wackestone
to packstone with layers of ostracodes and
recrystallized, bored molluscan fragments,
along with rare thin-shelled molluscan frag-
ments and a few Spirorbis.

LEACHED CRINOIDAL/SKELETAL PACKSTONE TO
WACKESTONE MICROFACIES (50.2—-64.6 ft):

50.2

50.7

51.6

A recrystallized crinoidal/skeletal packstone
with finely broken fenestrate bryozoan frag-
ments, common Globivalvulina (a few with
baroque dolomite rhombs plugging some
chambers), rare Cornuspira and Geinitzina,
ramose bryozoans, brachiopod fragments,
molluscan fragments, mud-filled snails,
ostracodes, ?trilobite fragments, echinoid
spines, and fish remains; a few coated grains
with algal/foram coatings are also present;
there are also abundant microstylolites, scat-
tered pyrite, and muddy patches with dolo-
mite rhombs.

A recrystallized slightly leached, skeletal
(mainly crinoid columnals)/packstone with
muddy patches containing dolomite rhombs
(some baroque dolomite); many crinoid col-
umnals with syntaxial calcite overgrowths;
other skeletal debris includes common to
abundant Globivalvulina, lesser Calcivertella, a
few coated grains, relatively large fenestrate
bryozoan fragments, molluscan fragments,
mud-filled snails and clams, brachiopod
fragments, ostracodes, and fish remains; in-
cipient microstylolites, and rare pyrite.

A recrystallized slightly leached, skeletal
(mainly crinoid columnals)/packstone with
abundant incipient microstylolites; some
crinoid columnals with syntaxial calcite over-
growths and in microstylolitic (sutured) con-
tact; other skeletal grains consist of Globival-
vulina, Calcivertella, Cornuspira, fenestrate
and ramose bryozoan fragments, Spirorbis,
brachiopod fragments, mud-filled snails,
echinoid spines, and fish remains; scattered

52.7

53.3

54.8

56.4

57.5

60.5
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muddy patches with dolomite rhombs.

A recrystallized slightly leached, slightly
silty / crinoidal packstone to wackestone with
abundant microstylolites; some crinoid
columnals with syntaxial calcite overgrowths
and in sutured contact; other skeletal debris
consists of Globivalvulina, Cornuspira, Tuberi-
tina, Calcivertella, fenestrate bryozoans, mud-
filled snails, ostracodes, echinoid spines, and
fish remains; scattered pyrite.

A recrystallized, slightly leached, slightly
silty /crinoidal wackestone to packstone
with abundant microstylolites and patches
with dolomite rhombs; skeletal debris con-
sists of Globivalvulina, Cornuspira, Tuberitina,
Calcivertella, fenestrate and ramose bryozo-
ans, molluscan fragments (some coated),
mud-filled snails, ostracodes, echinoid
spines, and fish remains, some crinoid col-
umnals with syntaxial calcite overgrowths.

A silty/crinoidal wackestone with common
pyrite and incipient microstylolites; other skel-
etal debris consists of scattered Globivalvulina,
Tuberitina, a single whole brachiopod and
fragments, fenestrate bryozoans, molluscan
fragments, mud-filled snails, ostracodes, trilo-
bite fragments, echinoid spines, and fish re-
mains; crinoid columnals relatively large, and
some in microstylolitic contact.

A porous (leached), finely broken, skeletal
(crinoid columnals and fenestrate bryozo-
ans)/ packstone with Epimastopora, Tuberitina,
Tetrataxis, Nodosinella, Calcivertella, Globival-
vulina, Nankinella, Oketaella, a few coated
grains, brachiopod fragments, molluscan frag-
ments (some coated), mud-filled snails and
ostracodes, trilobite fragments, echinoid
spines and fish remains; scattered pyrite;
crinoid columnals relatively small and some
with syntaxial calcite overgrowths.

Description as above, but better sorted and
with incipient microstylolites; skeletal debris
with Epimastopora, a few coated grains,
Nodosinella, Cornuspira, Geinitzina, Oketaella,
and molluscan fragments (one with mud-
filled borings); some syntaxial calcite over-
growths on crinoid columnals.

A recrystallized, porous (leached), slightly
silty /skeletal (crinoids/fenestrate bryozo-
ans/forams) packstone, with common to
abundant Cornuspira, lesser Globivalvulina,
rare Nodosinella, Tuberitina, Tetrataxis,
Nankinella, Epimastopora, few coated grains,
fenestrate bryozoans, mud-filled snails,
ostracodes, trilobite fragments, echinoid
spines, and fish remains; rare patches of dolo-
mite rhombs, incipient microstylolites, and
scattered pyrite.
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A recrystallized, slightly silty/crinoidal/
coated-grain packstone with scattered
muddy patches with dolomite rhombs;
coated-grain nuclei consist of Nankinella, fe-
nestrate bryozoans, brachiopod fragments,
molluscan fragments, mud-filled snails, echi-
noid spines, and crinoid columnals; loose
skeletal material comprises common Cornu-
spira, lesser Globivalvulina, Tuberitina, Tetra-
taxis, Geinitzina, Nodosinella, mud-filled Oke-
taella, Epimastopora, fenestrate bryozoan and
brachiopod fragments, mud-filled snails,
ostracodes, and fish remains; scattered py-
rite and incipient microstylolites.

Description as above, but somewhat more
porous (leached), and with Oketaella, and a
trilobite fragment.

Description as above, with common Oketaella
and Narnkinella, and a few trilobite fragments;
conspicuous patches of dolomite rhombs.

COATED-GRAIN PACKSTONE/WACKESTONE/GRAIN-
STONE MICROFACIES (65.5-78.4 ft):

65.5

68.6

69.8

A recrystallized, slightly porous (leached),
silty / coated-grain/skeletal (crinoid colum-
nals)/packstone to grainstone; coated-grain
nuclei include Nankinella, fenestrate and ra-
mose bryozoans, molluscan fragments, mud-
filled snails, echinoid spines, and crinoid
columnals; other skeletal components are
Girvanella, Nodosinella, Endothyra, Oketaella,
mud-filled ostracodes, echinoid spines,
crinoid columnals (some with syntaxial calcite
overgrowths); much of the quartz silt is en-
trapped within the coated grains; scattered
pyrite and incipient microstylolites.

A recrystallized, slightly porous (leached),
silty /coated-grain/skeletal packstone;
coated-grain nuclei include Epimastopora,
Nankinella, fenestrate bryozoans, molluscan
fragments, mud-filled snails, trilobite frag-
ments, echinoid spines, crinoid columnals
(some with mud-filled borings), other skel-
etal components include Nodosinella, Geinit-
zina, Globivalvulina, Oketaella, mud-filled
snails, ostracodes, trilobite fragments, cri-
noid columnals and echinoid spines; rare
pyrite and common incipient microstylolites;
some scattered dolomite rhombs.

A recrystallized, porous (leached), silty/
coated-grain/crinoidal packstone to wacke-
stone; coated-grain nuclei are Nankinella,
Oketaella, fenestrate bryozoans, molluscan
fragments, mud-filled snails, echinoid spines,
and crinoid columnals (some partially silici-
fied); additional skeletal components include
Globivalvulina, Endothyra, Geinitzina, Earlan-
dia, Nodosinella, Nankinella, Oketaella, par-

72.8

73.1

76.2

76.6

tially silicified brachiopod fragments, mud-
filled snails, ostracodes (some mud-filled),
trilobite fragments, echinoid spines, and
crinoid columnals; incipient microstylolites,
and rare pyrite.

A recrystallized, porous (leached), very
silty /coated-grain/skeletal packstone to
wackestone; coated-grain nuclei include
Nankinella, fenestrate and ramose bryozoans,
mud-filled snails, molluscan fragments, echi-
noid spines and crinoid columnals; other
skeletal debris include Epimastopora, Geinit-
zina, Globivalvulina, Nankinella, Oketaella, fe-
nestrate bryozoans, brachiopod fragments
(some partially silicified), mud-filled snails,
ostracodes, trilobite fragments, echinoid
spines and crinoid columnals; incipient
microstylolites and scattered clumps of py-
rite; much of skeletal debris is finely broken.

A recrystallized, porous (leached), very
silty / coated-grain/skeletal packstone with
abundant finely broken crinoid columnals
and fenestrate bryozoans; coated-grain nu-
clei include Nankinella, Epimastopora, fenes-
trate bryozoans, brachiopod and molluscan
fragments, mud-filled snails, echinoid
spines, and crinoid columnals (partially silic-
ified); loose skeletal debris consists of Girvan-
ella, Globivalvulina, Nodosinella, Tuberitina,
Oketaella, brachiopod fragments (partially
silicified), molluscan fragments, mud-filled
snails, ostracodes, trilobite fragments, and
echinoid spines; abundant incipient micro-
stylolites, some plugged with quartz silt;
some grains in sutured contact.

A recrystallized, porous (leached), silty /
peloidal/skeletal/ coated-grain packstone to
wackestone; coated-grain nuclei include Epi-
mastopora, Tuberitina, Nankinella, brachiopod
fragments, (partially silicified), molluscan
fragments, mud-filled snails, trilobite frag-
ments, crinoid columnals (some partially
silicified), and echinoid spines (some with
mud-filled borings); loose skeletal debris
consists of common Nodosinella and Oketaella,
less common Globivalvulina, Tuberiting, Geinit-
zina, Tetrataxis, molluscan fragments, ostra-
codes, crinoid columnals (some partially silici-
fied), echinoid spines, and fish remains; skel-
etal material finely broken.

A recrystallized, porous (leached), slightly
silty /peloidal/skeletal / coated-grain pack-
stone with finely broken skeletal debris in
addition to a few relatively large brachiopod
shells (partially silicified); coated-grain nu-
clei include Nankinella, and molluscan frag-
ments; loose skeletal grains consist of Cor-
nuspira, Globivalvulina, Nodosinella, Tetrataxis,
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Nankinella, Oketaella, brachiopod fragments,
fenestrate bryozoans, molluscan fragments,
ostracodes, crinoid columnals (partially silic-
ified), and echinoid spines.

A recrystallized, porous (leached), silty/
peloidal/skeletal / coated-grain packstone to
wackestone with finely broken skeletal de-
bris; coated-grain nuclei comprise Epimasto-
pora, brachiopod fragments (partially silici-
fied), fenestrate bryozoan and molluscan
fragments, and echinoid spines; loose skel-
etal debris consists of Tetrataxis, Globival-
vulina, Geinitzina, Nodosinella, Oketaella,
fenestrate bryozoans, brachiopod fragments
(partially silicified), molluscan fragments,
mud-filled snails, ostracodes, trilobite frag-
ments, crinoid columnals, and echinoid
spines; scattered pyrite, and abundant in-
cipient microstylolites, some with patches of
dolomite rhombs.

Top of Florence Limestone Member of the
Barneston Limestone:

LeEACHED FORAM WACKESTONE MICROFACIES
(79.3-89.4 ft):

79.3

79.9

80.2

81.3

A recrystallized, porous (leached), slightly
silty /peloidal/skeletal (foraminiferal) wacke-
stone, with skeletal material finely broken and
comprising common Tuberitina, less common
Globivalvuling, Geinitzina, Nodosinella, Endo-
thyra, Tetrataxis, Oketaella, Spirorbis, fenestrate
bryozoans, few relatively large brachiopod
shells (partially silicified) with diageneti-
cally altered Girvanella coatings, molluscan
fragments, ostracodes, and crinoid columnals;
abundant incipient microstylolites, and scat-
tered pyrite; thin section cuts burrow with
fecal pellets.

Description as above, but rock more recrys-
tallized and Girvanella coatings on shell frag-
ments, and partially silicified crinoid colum-
nals; few questionable Tubiphytes fragments;
fish remains.

A recrystallized, porous (leached), slightly
silty /skeletal (foraminiferal) wackestone
with finely broken skeletal debris compris-
ing common Tuberitina and Oketaella, less
common Globivalvulina, Tetrataxis, Nodosin-
ella, Endothyra, Geinitzina, possible Tubiphytes
with Girvanella coatings, fenestrate bryozo-
ans, brachiopod fragments and a few par-
tially silicified whole brachiopod shells, mol-
luscan fragments, ostracodes, crinoid colum-
nals, echinoid spines (partially silicified),
and fish remains; incipient microstylolites.

A recrystallized, porous (leached), silty / pel-
oidal/coated-grain packstone to wackestone

84.5

85.6

86.1

86.15
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with finely broken skeletal debris; coated-
grain nuclei comprise Girvanella, fenestrate
bryozoans, brachiopod fragments (partially
silicified), molluscan fragments, trilobite
fragments, partially silicified echinoid spines
(some with mud-filled borings), and par-
tially silicified crinoid columnals; loose skel-
etal debris consists of Epimastopora, ?Tubi-
phytes, Tuberitina, ?Earlandia, Endothyra,
Globivalvulina, Tetrataxis, Nodosinella, Oke-
taella, fenestrate bryozoans, molluscan frag-
ments, ostracodes, crinoid columnals, and
echinoid spines; common pyrite, finely scat-
tered and in patches.

A slightly porous (leached), silty / fenestrate
bryozoan wackestone with common crinoid
columnals, and with all skeletal debris finely
broken; some syntaxial calcite overgrowths
on crinoid columnals; loose fossil components
consist of Nodosinella, ?Syzrania, Geinitzina, a
few coated grains, brachiopod fragments,
molluscan fragments (partially silicified),
ostracodes (single whole one plugged with
baroque dolomite), trilobite fragments, and
fish remains; scattered pyrite, and poorly
developed incipient microstylolites.

A slightly porous (leached), silty/peloidal/
fenestrate bryozoan wackestone with finely
broken skeletal components consisting of
Nodosinella, Geinitzina, Syzrania, Globivalvu-
lina, Oketaella, molluscan fragments, partially
silicified brachiopod fragments, crinoid col-
umnals, echinoid spines, and fish remains;
scattered fine pyrite and poorly developed
incipient microstylolites.

A porous (leached), slightly peloidal/silty /
skeletal (foraminiferal) wackestone with
finely broken skeletal material consisting of
Girvanella fragments, Tuberitina, Globivalvu-
lina, Nodosinella, Syzrania, palaeotextularids,
Oketaella, Schwagerina, fenestrate bryozoans,
sponge spicules, molluscan fragments (some
partially silicified), ostracodes, and crinoid
columnals and echinoid spines (some par-
tially silicified); rare baroque dolomite
rhombs plugging some palaeotextularid and
Schwagerina chambers; well-developed, silt-
plugged microstylolites, and rare pyrite.

A porous (leached), silty/peloidal/skeletal
(foraminiferal) wackestone with finely bro-
ken skeletal debris comprising Endothyra,
Tuberitina, Syzrania, Globivalvulina, Geinit-
zina, palaeotextularids, Oketaella, Schwager-
ina, sponge spicules, a few coated grains,
fenestrate bryozoans, brachiopod fragments,
ostracodes, crinoid columnals (partially si-
licified and with syntaxial calcite over-
growths), and fish remains; rare baroque
dolomite rhombs in a few Schwagerina test
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86.4

86.5

86.7
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chambers; rare pyrite, and incipient micro-
stylolites; few schwagerinids with algal?
coatings.

A slightly porous (leached), silty /peloidal/
skeletal (foraminiferal) wackestone with
finely broken skeletal debris comprising
Syzrania, Tuberitina, Nodosinella, Globival-
vulina, Endothyra, Geinitzina, Tetrataxis,
palaeotextularids, Oketaella, Schwagerina,
?Tubiphytes fragment, few coated grains,
sponge spicules, fenestrate bryozoans, mol-
luscan fragments, ostracodes, crinoid colum-
nals (partially silicified and with syntaxial
calcite overgrowths), and fish remains; rare
pyrite, poorly developed incipient microsty-
lolites, and patches of scattered dolomite
rhombs.

A porous (leached), silty/slightly peloidal/
skeletal (foraminiferal) wackestone with
finely broken skeletal debris consisting of
Globivalvulina, Nodosinella, Tuberitina, Endo-
thyra, Syzrania, Geinitzing, palaeotextularids,
Tetrataxis, Schwagerina, Oketaella, sponge spic-
ules, fenestrate bryozoans, molluscan frag-
ments, and partially silicified crinoid colum-
nals; rare baroque dolomite rhombs in a few
palaeotextularid test chambers; rare pyrite,
and incipient microstylolites with scattered
dolomite rhombs.

A porous, slightly peloidal/silty /skeletal
(foraminiferal) wackestone with finely broken
skeletal debris consisting of Tuberitina, Endo-
thyra, Syzrania, Globivalvulina, Nodosinella,
Tetrataxis, palaeotextularids, Oketaella, Schuwag-
erina, sponge spicules, fenestrate bryozoans,
Spirorbis, molluscan fragments, ostracodes,
crinoid columnals and echinoid spines (some
with syntaxial calcite overgrowths), a few
coated grains; rare baroque dolomite rhombs
in ostracodes, and in palaeotextularid and
Schwagerina test chambers; rare pyrite, scat-
tered dolomite rhombs, and incipient micro-
stylolites.

A porous (leached), slightly peloidal /skeletal
(foraminiferal) wackestone with finely broken
skeletal debris comprising common Tuberitina,
Nodosinella, and palaeotextularids, less com-
mon Endothyra, Syzrania, Geinitzina, Tetrataxis,
Oketaella, Schwagerina, Globivalvulina, few
coated grains with Girvanella, fenestrate bryo-
zoans, molluscan fragments (some partially
silicified), ostracodes, echinoid spines, crinoid
columnals (some partially silicified and with
syntaxial calcite overgrowths), and fish re-
mains; rare pyrite.

A porous (leached), recrystallized, peloidal/
skeletal (foraminiferal) wackestone with

88.7

89.1

89.4

finely broken skeletal debris consisting of
abundant palaeotextularids, Oketaella, and
Tuberitina, less common Globivalvulina,
Nodosinella, Syzrania, Endothyra, Tetrataxis,
Geinitzina, fenestrate bryozoans, molluscan
fragments, Spirorbis, ostracodes, crinoid col-
umnals, partially silicified echinoid spines;
rare baroque dolomite rhombs plugging
some palaeotextularid test chambers; few
crinoid columnals with syntaxial calcite over-
growths; small portion of thin section with a
pocket of quartz silt; rare pyrite, and poorly
developed incipient microstylolites.

A porous (leached), dolomitized, slightly pel-
oidal/silty /skeletal (foraminiferal) wacke-
stone with finely broken skeletal debris and
scattered patches with dolomite rhombs; skel-
etal material consists of Endothyra, Nodosinella,
Globivalvulina, Syzrania, Tuberitina, Tetrataxis,
palaeotextularids, Oketaella, ?Schwagerina, fe-
nestrate bryozoans, Spirorbis, common sponge
spicules, whole brachiopods and fragments
(some partially silicified), molluscan frag-
ments, ostracodes, echinoid spines, and cri-
noids (some with syntaxial calcite over-
growths and partially silicified), and fish re-
mains; rare baroque dolomite rhombs plug-
ging a few palaeotextularid test chambers; in-
cipient microstylolites, and patches of pyrite.

A porous (leached), slightly silty /skeletal
wackestone with finely broken skeletal de-
bris; part of thin section cuts through a chert
nodule with abundant silicified microfossils
including sponge spicules, Geinitzina, Oke-
taella, palaeotextularids, ostracodes, fenes-
trate bryozoans, Spirorbis, and molluscan
fragments; loose skeletal debris in wacke-
stone portion of thin section consists of Endo-
thyra, Tetrataxis, Globivalvulina, Nodosinella,
Tuberitina, Oketaella, palaeotextularids, a
single coated grain, sponge spicules, fenes-
trate bryozoans, molluscan fragments, ostra-
codes, echinoid spines, crinoid columnals
(some with syntaxial calcite overgrowths
and partially silicified), and fish remains;
rare pyrite, scattered patches of dolomite
rhombs, and incipient microstylolites; few
ostracodes plugged with baroque dolomite
rhombs.

A porous (leached), silty, fenestrate bryo-
zoan wackestone with finely broken skeletal
debris including rare forams (Tuberitina,
Syzrania, Nodosinella, Globivalvulina and
palaeotextularids), sponge spicules, ostra-
codes, and crinoid columnals (some with syn-
taxial calcite overgrowths and partially silici-
fied); rare pyrite, and scattered patches with
dolomite rhombs.
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DOLOMITIZED BRYOZOAN/SKELETAL WACKESTONE
TO PACKSTONE MICROFACIES (90.6-93.3 ft):

90.6

91.7

922

A dolomitized fenestrate bryozoan pack-
stone with rare skeletal debris consisting of
Globivalvulina, Tetrataxis, Oketaella, sponge
spicules, molluscan fragments, Spirorbis, ostra-
codles, echinoid spines, crinoid columnals
(some with syntaxial calcite overgrowths
and partially silicified), and fish remains;
rare pyrite and incipient microstylolites.

A dolomitized fenestrate bryozoan wacke-
stone to packstone with Nodosinella, Tetra-
taxis, ramose and fenestrate bryozoans, bra-
chiopod fragments (some partially silicified),
molluscan fragments, echinoid spines and
crinoid columnals (some with syntaxial cal-
cite overgrowths and partially silicified), and
fish remains; rare pyrite and incipient micro-
stylolites; lower portion of thin section with
quartz silt, ramose and fenestrate bryozoans,
trilobite fragments, and brachiopod frag-
ments (some with borings), and crinoid col-
ummnals.

Description as above, but quite shaly and silty,
and much less broken skeletal debris which
includes bored brachiopod fragments and ra-
mose bryozoans (partially silicified), in addi-
tion to scattered pyrite and rare fish remains.

93.3

215

A slightly laminated shaly /silty /skeletal
wackestone; skeletal fragments partially
silicified and consisting of ?Syzrania, fenes-
trate and ramose bryozoans, a few coated
grains, brachiopod and molluscan frag-
ments, mud-filled snails, and crinoid
columnals and echinoid spines and fish re-
mains; common pyrite and a few mud clasts.

SILTY/COATED-GRAIN/SKELETAL WACKESTONE
MICROFACIES (94.1 ft):

94.1

A silty / coated-grain/skeletal wackestone (in
part recrystallized to microspar); coated grains
(with Girvanella), and nuclei include fenes-
trate bryozoans, molluscan fragments (some
with mud-filled borings), mud-filled snails,
ostracodes, echinoid spines, crinoid columnals
(some partially silicified), and mud clasts;
loose skeletal debris comprises Tetrataxis,
Cornuspira, Globivalvulina, Oketaella, brachio-
pod fragments (some with borings); and
crinoid columnals (partially silicified).

Matfield Shale at 95.3 ft

95.3

A silty laminated shale with scattered limy
mud clasts (some peloidal), and scattered

pyrite.
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PLATE 1

Negative print thin section photomicrographs (x6) of the Florence and Fort Riley
Limestone Members of the Barneston Limestone at the Vap’s Pass measured outcrop
section, Kay County, Oklahoma.

Figure 1.—A coated-grain/skeletal wackestone; note that skeletal fragments (mainly
molluscan fragments) are coated with concentric laminations of algae and forams (not
seen at this magnification); VP-Unit 1C, SiLTY/COATED-GRAIN / SKELETAL WACKESTONE
MICROFACIES.

Figure 2.—A coated-grain packstone to grainstone; VP-Unit 7A, COATED-GRAIN
PACKSTONE TO GRAINSTONE MICROFACIES.
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PLATE 2

Thin section photomicrographs of fossils and other components of the Fort Riley and
Florence Limestone Members of the Barneston Limestone from the GW-3 core taken
at the Conoco test facility, Kay County, Oklahoma.

Figure 1.—Well-sorted coated grain with a fenestrate bryozoan fragment as the grain
nucleus; depth 72.8 ft in the COATED-GRAIN PACKSTONE/ W ACKESTONE / GRAINSTONE
MICROFACIES.

Figure 2. —Miicrostylolite (arrows) with concentrations of fine quartz silt in a silty / pel-
oidal/skeletal wackestone; depth 78.4 ft in the COATED-GRAIN PACKSTONE/ W ACKE-
STONE/ GRAINSTONE MICROFACIES.

Figure 3.—Thin section cut through a portion of the fusulinid Schwagerina with some
of the chambers plugged with baroque dolomite (arrows); depth 86.4 ft in the LEACHED
ForAM WACKESTONE MICROFACIES.

Figure 4 —Random thin section cuts through two specimens of the fusulinid Oketaella;
depth 86.7 ft in the LEACHED FORAM W ACKESTONE MICROFACIES.

Figure 5.—An oblique longitudinal thin section cut through a palaeotextularid fora-
minifer in a silty/peloidal/foraminiferal wackestone; depth 87.4 ft in the LEACHED
ForaM WACKESTONE MICROFACIES.

Figure 6.—Thin section cut through a chert nodule (lighter colored right side) showing
well-preserved microfossils, especially sponge spicules (arrows) in the chert; depth 89.1
ft in the LEACHED FORAM WACKESTONE MICROFACIES.

Figure 7.—Fenestrate bryozoan fragments in a dolomitized skeletal packstone; depth
90.6 ft in the DOLOMITIZED BRYOZOAN /SKELETAL W ACKESTONE TO PACKSTONE MICRO-
FACIES.

Figure 8. —Longitudinal thin section cut through a ramose bryozoan in a dolomitized
wackestone; depth 91.7 ft in the DoLOMITIZED BRYOZOAN / SKELETAL W ACKESTONE TO PACK-
STONE MICROFACIES.

Figure 9.—A coated, mud-filled snail in a skeletal wackestone; depth 94.1 ft in the
SILTY / COATED-GRAIN / SKELETAL W ACKESTONE MICROFACIES.
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Letters from Friends and Colleagues

James E. Barrick
Texas Tech University

My closest contact with Tom Amsden occurred when I spent
a year (1978-79) at the University of Oklahoma. It was my first
position after graduate school, and I was coping with full-time
teaching, seeking direction for my research, and my wife and I
were expecting our first child. As time permitted, I would walk
to the Oklahoma Geological Survey, and if Tom were there, we
would spend a while talking. Conversations covered a variety of
topics on paleontology and stratigraphy, but often focused on the
Hunton Group and the use of brachiopods and conodonts. Re-
sardless of the topic, I always left invigorated and filled with new
determination and enthusiasm for research. I learned many things
from Tom, in particular to use a large degree of skepticism about
zeological interpretations, to consider all the alternatives before
making conclusions, and to keep one’s sense of humor about the
whole business. These discussions continued after I left Norman,
and led to several collaborative projects, mostly at Tom’s gentle
insistence. Tom'’s productivity, professionalism, and personal
integrity have always impressed me, and I have been honored
by, and certainly have enjoyed, being able to work with him.

James R. Chaplin
Oklahoma Geological Survey

[ first met Tom Amsden while interviewing for a position with
the Oklahoma Geological Survey in 1983. We had a common
interest in fishing and conodont studies, but what I recall most
vividly was Tom's perspective of a state geological survey. Tom
related to me that a state geological survey was far more than just
a state agency that collected and disseminated information,
though he recognized and appreciated the importance of that role.
Tom said a Survey needs to go beyond that task, to analyze and
synthesize data regarding the science of geology and then to use
that data in making practical applications to the fuel and non-fuel
industries of the state and its citizens. Thanks, Tom, for your
genuine and honest perspective that contributed, in part, to my
accepting a position with the Oklahoma Geological Survey.
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G. A. Cooper
Raleigh, North Carolina

At my age recollection of old events, humorous or other-
wise, is indistinct and unreliable. I do, however, recollect with
pleasure my dealings, as curator at the National Museum, with
Tom Amsden. Tom described some of the USNM collections,
especially the Henryhouse brachiopods of Oklahoma and
St. Clair brachiopods mostly from Arkansas. These excellent
works established him as as expert in knowledge of Silurian
Brachiopoda. He extended his brachiopod studies to the Lower
Devonian of Oklahoma, much needed works. Through his
work, Tom proved himself to be a leading student of the
Brachiopoda and can look with pride on his works.

I endorse his excellence as a paleontologist and cherish
him as a friend.

J. Thomas Dutro, Jr.

U.S. Geological Survey
Washington, D.C.

I've always felt close to Tom Amsden though we never have
worked together professionally. Part of this feeling must be due
to shared experiences: both graduate students at Yale, learning
paleontology and brachiopods from Carl Dunbar; both with jobs
in practical biostratigraphy for government surveys (Tom at
Oklahoma and I at the USGS); both involved in the tribute to
G. A. Cooper on his retirement in 1971; both subject to by-pass
surgery for heart problems in the past five years; and, finally,
both on the podium at the 1989 Paleontological Society meeting
in St. Louis when Tom received the Paleontological Society Medal
and I was his citationist.

I especially like the way Tom has cast his brachiopod system-
atic studies in the context of solving general geologic problems.
Detailed biostratigraphic analyses of the Silurian-Devonian of the
Midcontinent are landmark studies that will stand for decades.
His depositional syntheses of the Anadarko and Arkoma Basins
are models of eclectic stratigraphy. And his careful analyses of
brachiopod biochronology added basic evidence for international
decisions on the Silurian-Devonian and Ordovician—Silurian
boundaries.

Congratulations on your retirement, Tom. You've had a fine
and fulsome career.
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Bill Furnish

University of Jowa

['have never had an opportunity to spend time with Tom or
know him well on a personal basis. At the same time, I talked
with Tom various times over a period of fifty years and do feel a
strong kindred spirit. We have walked in each other’s steps, but
mostly I am impressed by his accomplishments and insights into
the field of biostratigraphy.

Tom'’s first effort involved a master’s thesis on Harding
equivalents in Wyoming. This happened to be the same area,
in general, where I started. His career at Yale and Hopkins was
followed with interest. When he signed up with the Oklahoma
Survey it seemed to be a natural association to me.

[ can speak concerning his professional competency, for the
work that he did on the Haragan, etc., should be regarded as one
of the most significant studies ever presented. His synthesis
picked up every “loose end” and explored all aspects. It will be
a classic for future generations to utilize.

Betty Awbrey Ham
Oklahoma Geological Survey (retired)

What can one say about Tom Amsden?

Tom Amsden is.

That’s all.

Tom Amsden is a great person, a truly outstanding paleontologist,

a fine gentleman, a wonderful friend.

What can you say about a man who has been such a good friend
through all those years? We have known Tom and Virginia Amsden
ever since they came here, and I have never thought about them with-
out pleasure. And now Bill Ham is gone, but the friendship continues.

I think of Tom at parties, at our house, at their house, at the homes of
others. I think of all the meetings, conventions, all over the country, the
world, the presentations he has given on the results of his investigations,
the articles, books he has written—

What do you say about Tom Amsden?

Tom Amsden is.

Jess Johnson
Oregon State University

My first contact with Tom Amsden was in correspondence
when I was still a graduate student at UCLA. I had been making
an attempt to learn the world literature of Lower Devonian
brachiopods and Tom's two monographs on the Haragan and
Bois d’ Arc brachiopods, published in 1958, were inspirational.

I never had the opportunity to go into the field with Tom, but
coauthored a paper on Conchidium with him and Art Boucot in
1967. We met when Tom visited Cal Tech and again later when he
visited Corvallis. Always, it has been a genuine pleasure to “talk
brachiopods” with Tom at these meetings and in correspondence.
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Kenneth S. Johnson
Oklahoma Geological Survey

Tom has been a valued colleague during the long association
we have had at the Oklahoma Geological Survey. He was well
entrenched in the basement of Gould Hall when I started with the
Survey in 1962, and he has now worked his way up to the second
floor in the new Sarkeys Energy Center. (I, on the other hand,
went from the third floor down to the basement!) I, and other
staff members, have used Tom's biostratigraphic and map data
extensively in dealing with regional synthesis of Oklahoma'’s
geologic history, and also in dealing with site-specific geologic
problems. His work always is meticulous and thorough, and he
conveys his ideas and interpretations in a clear and concise
manner.

Tom has continued to contibute, even in his years of partial
retirement. Inquiries to the Survey on Late Ordovician through
Devonian geology are still dealt with by Tom, or by others
through reference to his prior publications, and he is still working
on a major project in the Anadarko Basin.

His work is an excellent standard that others should strive to
meet.

Markes E. Johnson
Williams College

Gudveig Baarli was a recent graduate of the University of Oslo
and employed by the Oslo Paleontologisk Museum when she met
Tom Amsden during the 1982 Field Meeting of the Subcommission
on Silurian Stratigraphy. The field meeting was held in conjunction
with the 4th International Symposium on the Ordovician System,
in Norway. Prior to the meeting, she had worked very hard to
incorporate some of the results from her cand. real. thesis into the
guidebook being produced on behalf of the Silurian Subcommis-
sion, which was to consider the Oslo region as a possible type
district for the Lower Silurian. Her lasting impression of Tom is
that he was the only participant from among the established
leaders of the Silurian syndicate who took the time to talk with her
and discuss her work. She also recalls that Tom made a beeline to
collect from the lowest available horizon with the brachiopod
Stricklandia at Spirodden, where she was conserving the material
for collection after the conference. She came to the abrupt realiza-
tion that someone from the wide, open spaces of Oklahoma might
not understand the limitations of urban geology. She and her
future husband, Markes Johnson, later sent Tom a representative
set of Stricklandia from the Oslo region for comparison with the
North American forms Tom had earlier described.

Markes became familiar with Tom’s ground-breaking work on
the Silurian, while a graduate student at the University of Chicago.
He has carried on a long and productive correspondence with Tom
over the years.
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Gilbert Klapper

University of Jowa

[ have known Tom Amsden since 1963, when I joined the
Amoco Research Center in Tulsa and was assigned as my initial
task the conodont biostratigraphy of the Hunton Group. During
the following years Tom guided me to all of the important
Hunton localities in the Arbuckles, as well as to the Silurian—
Devonian outcrop in northeastern Oklahoma, and we shared a
number of memorable field excursions. I recall him saying on one
tield trip that what has plagued North American stratigraphy
from the beginning is the fact that many paleontologists had
failed to locate the precise stratigraphic position of their collec-
tions and had often used fossils from float.

Tom was eager to have conodont data integrated into the
massive network of lithostratigraphic and biostratigraphic infor-
mation on the Hunton that he had developed. He was extremely
flexible in accepting all of the results from the conodont research,
even in the few instances which differed in some respects from
previous results. I know of no one more tolerant of other views,
more soft-spoken, more gentlemanly, nor a greater pleasure to be
with in the field.

Alfred Lenz

University of Western Ontario

I first met Tom in 1968 during an extensive field trip to Siberia,
Ukraine, and Czechoslovakia, looking at Silurian and Devonian
rocks. We subsequently participated in several other international
tield trips, the most recent being in China, and have always
enjoyed his presence as well as his scientific input. He is a thor-
oughly pleasant person, and is one whom I immensely respect
both personally and scientifically. As a, sometime, fellow-worker
on lower Paleozoic brachiopods, I have always had the highest
regard for his studies. His numerous, comprehensive, and excel-
lently illustrated publications have always been among the first I
reached for when studying Silurian and Early Devonian brachio-
pods of Arctic Canada. I wish him many more years of scientific
contributions.
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Bob Lundin

Arizona State University

Tom always calls it the way he sees it! After being informed by
Carl Branson that he (Carl) had hired a person, whose name shall
be withheld, to describe some Hunton fossil group, Tom said,
“Carl, why did you do that?” To which Carl answered, “Tom, it’s
difficult to find people to describe these fossils!” To which Tom
responded, “Carl, you can go out on the street corner and find a
dozen people who can describe them as well as the person you
hired.”

Tom is an avid bird hunter. Perhaps feeling a little squeamish
about his truancy during the previous hunting season, before
which he had gotten his first bird dog, Tom explained, “I had my
dog out five of the first six days of the quail season, and there isn’t
any way you can work that into a weekend!!”

Tom was the most important influence on me as I started into
the world of paleontology and stratigraphy in the 1960s. For that I
will be forever grateful. Tom helped me to understand Hunton
stratigraphy and to understand the importance of meticulous
work. He even helped me collect rocks. At the end of the half-mile
walk to the car from White Mound, Tom said, “Don’t ever ask me
to do this again.” I didn’t! It was 103 degrees with humidity to
match, and each of us was loaded down with 100 pounds or so of
the Haragan Formation. I still have some of that rock.

Thanks for all of the help and guidance you gave me, Tom.

Javelina hunt in Arizona, ca. 1967. Front row: Tom Amsden, Bob Lundin,
and Bill Bellis. Back row: local guides. Photo courtesy of Bob Lundin.
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Robert B. Neuman
Smithsonian Institution

[ was one of the lucky ones who was a graduate student under
Tom’s supervision at The Johns Hopkins University, then and
thereafter to be guided by his commitment to the primacy of fact
above fancy. Through these decades he has served as a model of
self-discipline, diligence, and thoroughness in observation and
analysis from which are derived well-supported and sound
interpretations in his many publications. Perhaps he wonders
what went wrong with those of his former students who occasion-
ally have taken to flights of fancy. For these offenses I proffer
apologies; for our more soundly based accomplishments I am
glad to have this opportunity to join others in our expressions of
gratitude.

William |. Sando

U.S. Geological Survey
Washington, D.C.

It gives me great pleasure to share some memories of my
association with Tom Amsden in this honorary volume because I
am deeply indebted to him for helping me get started on the path
to a happy and rewarding career in geology. Tom was my teacher
and mentor at The Johns Hopkins University, where I studied as
an undergraduate in 1947-50 and received a Ph.D. in 1953. His
courses in Invertebrate Paleontology and Stratigraphic Paleontol-
ogy were inspiring models of organization, content, and clarity,
and they formed the knowledge base for my later work in bio-
stratigraphy. I disappointed him by not choosing a thesis on the
Keyser Limestone brachiopods, but he shrugged this off and
served as principal advisor on my thesis on the Lower Ordovician
of Maryland (Ernst Cloos charmed me into that one). Although he
demanded excellence from his students, his friendly disposition,
unselfish availability for consultation, and willingness to defend
me when I bumped up against less sympathetic faculty members
made my birth as a scientist much less traumatic than it might
have been without his help.
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Patrick K. Sutherland
University of Oklahoma

Tom has been a good friend for more than 35 years. [ have
been in the field with him many times looking at various aspects
of his beloved Hunton Group. As a part of his initial detailed
studies of the Hunton brachiopod faunas in the Arbuckle Moun-
tains, he worked out the carbonate lithostratigraphy and the
complex depositional history. He initiated studies by others on
all major Hunton fossil groups. At his invitation I studied the
Henryhouse corals. But, a subsequent development has set Tom's
research career apart from virtually all others. By the 1960s, the
Hunton Group had become an important oil producing interval in
Oklahoma. Tom took many oil company groups to see the surface
exposures of the Hunton in the Arbuckle Mountains. But, many of
those geologists concluded that those numerous unconformities
seen in the outcrop could not be recognized on electric logs and
thus could not be used to decipher the complex regional strati-
graphic relationships.

Although I never heard Tom comment on the above, I had the
impression at the time that he was miffed by such comments. In
any case, Tom embarked gradually on a study of the Hunton
Group in the subsurface of Oklahoma. The difference was that he
searched out cores taken from the Hunton, dissected those cores
for megafossils as well as microfossils and used brachiopods as
the primary basis for correlation. Almost immediately he discov-
ered that all Hunton oil and gas was not from the Devonian Frisco
Formation, as previously thought, but much of it was from the
Upper Silurian. As the subsurface facies changed northwestward
from the Arbuckle Mountains into the Anadarko Basin he used
brachiopods to establish the age of the strata and the location of
the Sjlurian-Devonian boundary. He astonished the petroleum
industry by showing that half of the Anadarko Basin could be
written off as a possible Upper Silurian hydrocarbon target
because it lacked the right facies. His subsurface investigations,
based primarily on brachiopods and on detailed studies of the
carbonate lithostratigraphy as seen primarily in cores, has now
been extended over the entire state for the entire Hunton Group.

The above comments are given to support the following con-
clusions: Tom Amsden is first and foremost a research scientist
who has above all else achieved a skill and reputation matched by
few in his chosen field of biostratigraphy. We next see a perfect
union of fundamental research on brachiopods and the recon-
struction in the subsurface of a truly complex depositional history.
The results that he has achieved have been truly extraordinary.
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EXPLANATION
LITHOLOGIC UNITS

A

GILE MOUNTAIN FORMATION

Quartz ~-mtea schist, micaceows
guartzzle, and mica schist

AMPHIBOLITE IN
GILE MOUNTAIN FORMATION

[ ]

WAITS RIVER FORMATION
Calcareous mica schist,
impure marble. and
quarfr -rmica schist

t “.52'5I

STANDING POND AMPHIBOLITE {Jo//)
Flow or sill, near orat top
of Waits River Fformation

COARSE GARNET SCHIST

/n both Gile Mountain and
Waits River formations;
dotted line where presence
of this rock inferred

SYMBOLS

Lithologic boundary,
accurotely locufec?
Lithole _lc_;;undar)s
locul'iog inferred

Trace of axtal plene
of cleavaqe arch

R 25
Strike and dip of
achlsfa;sl‘}]

/ 25
Projected strike and
plunge of fold axis
20
40, 7
Strike ond dip of schistosity,
with plunge of intersection
of schistosity and bedding.
Where minor folds are
resent their axes are
parallel to this interaection
8 35
~7 ~d—> 15
Strike ond dip of bedding
and schistosity and plunge
of fold axes from mop by
Doll @4th Rept, . Stote
Geol.,1945)






