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ABSTRACT

The Lost Branch Formation of Oklahoma and Kansas was deposited during the
last Desmoinesian (Middle Pennsylvanian) transgressive-regressive cycle of the
Midcontinent Sea. The regression of the Midcontinent Sea during Lost Branch deposition
records the final occurrences of the conodont genera Neognathodus and Swadelina as
well as numerous ammonoids, the Desmoinesian brachiopod Mesolobus, the fusulinid
Beedina, and some sponges and palynomorphs.

The Lost Branch Formation begins at the top of the Dawson Coal in a sandy shale
deposit of the Upper Holdenville Shale. The transgression of the Midcontinent Sea is
recorded in the Upper Holdenville Shale, the Homer School Limestone, and the Nuyaka
Creek Black Shale Bed. The regression of the Midcontinent Sea is recorded in the
“offshore” Upper Holdenville Shale, the Glenpool Limestone, and the upper sandy shale
deposit of the Upper Holdenville Shale.

The lower outside shale is characterized by a conodont fauna of Idiognathodus
species A, Adetognathodus lautus, and Idioprioniodus. As the transgression progressed
there was further diversification of the fauna. The Homer School Limestone has the first
appearance of Neognathodus dilatus dilatus, N. expansus expansus, and Hindeodus
minutus. Specimens of 1. expansus, Swadelina nodocarinata, N. dilatus bifurcatus, N.
roundyi, N. expansus subspecies B, Gondolella magna, G. denuda, grooved morphotypes
of 1. expansus, and rounded and nodose morphotypes of Sw. nodocarinata are found in
the overlying Nuyaka Creek Shale. The Nuyaka Creek Shale is the only interval where G.
magna, G. denuda, and the rounded and nodose morphotypes of Sw. nodocarinata are
recovered.

The regression of the Midcontinent Sea is reflected in the conodont fauna by a
loss of diversity. In the offshore shale of the Upper Holdenville Shale the conodonts
Swadelina nodocarinata and Hindeodus minutus are absent. The Glenpool Limestone
lacks the grooved morphotype of Idiognathodus expansus, Neognathodus dilatus dilatus,

N. dilatus bifurcatus, N. roundyi, N. expansus expansus, N. expansus subspecies B, and



Idioprioniodus. The only species found in the upper outside shale are 1. expansus, I.
species A, and Adetognathodus lautus.

A paleoecological model for the Lost Branch Formation is presented that shows
species tolerant of turbid waters living in the surface waters of the sea, and species
preferring clear waters appearing only in the deeper offshore intervals. Gondolella and
Swadelina dominate in clear-water assemblage, while Idiognathodus dominates in turbid
waters.

The well-preserved conodont fauna and easy clay-shale processing of the Lost
Branch Formation provided an opportunity to study conodont Pa element function as it
relates to microwear and element morphology.

The original texture of blade denticles is fibrous, while the bar of the blade is
smooth and featureless. The original texture of the platform forms a polygonal texture on
the oral surface and a smooth texture on the aboral surface. Abrasive microwear removes
original texture from the elements. Reshaping microwear takes element features, like
denticles and ridges, and reshapes them into asymmetric surfaces indicative of their
functional significance. By comparing the morphology of an element with the areas of
intense microwear it was determined that the Pa element of Idiognathodus expansus
served a food-processing and a food-transport function. The blade of the element pushed
large food particles onto the ventral platform for crushing. The blade may also have
sliced larger food particles. The ventral platform served a crushing and bruising function.
The dorsal platform of the element pushed food back to the ventral platform for further

processing.
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CHAPTER |
INTRODUCTION

The Lost Branch Formation represents the last major Desmoinesian (Middle
Pennsylvanian) cyclothem in the Midcontinent Basin of North America. The conodont
fauna of the Lost Branch is the last abundant and diverse fauna of the Desmoinesian. The
terminal Desmoinesian extinction that involved numerous marine taxa occurs in the
regressive interval of the Lost Branch Formation, and two conodont genera have their last
occurrence in the Lost Branch. This final transgressive-regressive cycle also records the
initial change in conodont fauna that eventually distinguishes the late Desmoinesian
idiognathodids from early Missourian idiognathodids.

The primary objective of this study is to completely describe the conodont fauna
of the Lost Branch Formation. Information obtained from this study will provide a
building block for further research in underlying Desmoinesian rocks and overlying
Missourian rocks. The relationships between numerous species of Desmoinesian
conodonts are based on earlier, incomplete works that have been interpreted by many
conodont workers in just as many ways. Competing theories about evolution among
common Pennsylvanian conodonts cannot be resolved until there are complete and
accurate descriptions of all Desmoinesian and Missourian faunas. Evaluation of the
conodont fauna will provide a better basis for resolving the position of the Middle-Upper
Pennsylvanian boundary and understanding the full effects of the terminal Desmoinesian
extinction event.

The second objective of this study is a functional analysis of Pa elements from
Idiognathodus expansus. Works by Purnell (1993, 1994, 1995, and 2001) and Donoghue
and Purnell (1999) provide the first steps in understanding what function conodont
elements served. Much of their work deals with element pairs from natural assemblages.
Work with disarticulated specimens is necessary for species without natural assemblages.
The excellent preservation of conodont elements in the Lost Branch Formation provides

an opportunity to explore element function interpretation. Applying some of the same



methods used by Purnell and others, the function of Pa elements can be determined by
use of microwear patterns linked to Pa element morphology. This method may provide

new information about conodont feeding behavior and element function.

Geologic Setting

During Pennsylvanian time most of the present-day United States was a part of
the Laurasian portion of the growing supercontinent known as Protopangaea. Most of the
country was intermittently submerged beneath the Midcontinent Sea, which was
connected to the Panthalassa Sea (the Protopacific Ocean) in the west (Figure 1). To the
northwest of the Midcontinent Basin were the Ancestral Rocky Mountains. To the south
and east of the Midcontinent Basin were the Appalachian-Hercynian Highlands, which
joined North America with Europe (Heckel, 1999). The Russian Platform in the
northeastern portion of Laurasia was submerged intermittently by transgression of the
Tethys Sea. The Russian Platform was sandwiched between the Caledonian Highlands
and Carnic Alps to the east and south, and the Uralian Highlands to the northeast. During
the highstand of the Midcontinent Sea and the Tethys Sea, a link was established by a
shallow channel that ran along the northern portion of Laurasia (Heckel, 1999). One
possible time when the two seas were linked was the last eustatic highstand of the
Desmoinesian. The Midcontinent cyclothem representing this last Desmoinesian

transgressive-regressive cycle is the Lost Branch Formation.

Cyclothem Stratigraphy

The Pennsylvanian deposits of the Midcontinent Basin are characterized by a
series of cyclothems related to the transgression and regression of the Midcontinent Sea.
Each major cyclothem of the Pennsylvanian, including the Lost Branch Formation, has a
distinct vertical sequence of rocks that preserves the effects of glacial-eustatic changes in
sea level during deposition (Figure 2) (Heckel, 1999).

The first unit of a typical cyclothem is the “lower outside shale.” The lower

outside shale overlies a paleosol or a coal bed in the regressive portion of the preceding



cyclothem. This shale is typically rich in quartz. In some cases the shale may be quartz-
dominated. This shale represents the first phase of transgression in a typical cyclothem
(Heckel, 1999).

The next unit of a cyclothem is the “transgressive limestone.” The transgressive
limestone is typically thin and overlies a variety of clastic sedimentary rocks. The typical
transgressive limestone is a skeletal wackestone (less frequently shallow-water packstone
or grainstone). Commonly the skeletal component of the limestone is aragonitic shell
material that has undergone neomorphism and shows evidence for early marine
cementation (Heckel, 1999).

The transgressive limestone is overlain by the “offshore shale.” The black shale
facies with this shale sequence is also called the “core shale.” The core shale represents a
condensed section resulting in both sediment and oxygen starvation. The core shale has
the highest preservation potential as it represents the maximum flood deposits. In many
cases the core shale yields very high numbers of conodonts and is the unit most
commonly sampled for conodont analysis in Pennsylvanian strata. Both below and above
the core black shale are gray shales with varying amounts of skeletal material. The lower
gray shale represents marine transgression, whereas the upper gray shale represents the
regression that begins following highstand deposition of the core shale (Heckel, 1999).

Above the offshore shale is the “regressive limestone.” This unit can be thin or
thick depending on the shelf geometry. These limestones are typically skeletal
wackestone at the base to packstone or grainstone at the top. The regressive limestone
can have abraded ooid and algal grains, and may be cross-bedded and laminated. If the
regressive limestone is not capped by an erosional surface, the overlying unit is the
“upper outside shale.” The upper outside shale has a high quartz content and may even
contain thin sandstone beds. In some cyclothems, the upper outside shale is capped by an
erosional surface, paleosol, or coal. In Pennsylvanian strata it is common to have a

paleosol capped by a coal, due to deposition in a humid climate (Heckel, 1999).



The Lost Branch Formation

The Lost Branch Formation (Heckel, 1991) represents the last major cyclothem of
the Desmoinesian Stage in the Middle Pennsylvanian Series. The Lost Branch Formation
type locality is an exposure on the cutbank of the Lost Branch, just southwest of Mound
Valley in Labette County, Kansas (Figure 3). The Lost Branch Formation crops out in
in a swath from central lowa southwest to Pontotoc County, Oklahoma. The interpreted
shelf to basin transition is located near Tulsa, Oklahoma (Heckel, 1991).

The Lost Branch Formation has four constituent units representing one complete
transgressive-regressive cycle. The lower unit is the transgressive limestone, which is
followed by the offshore shale, the regressive limestone, and the nearshore shale.
Because of the large area of the outcrop belt, many units have been given formal names
that represent each of these four basic units of the cyclothem. The terms used in the
subsequent discussion will follow the Oklahoma-Kansas terminology, described by
Heckel (1991), which more accurately reflects the nature of the localities studied (Figure
4).

The base of the Lost Branch Formation is marked by the contact between the
underlying Dawson (OK) and Loredo (I1A) Coals with the basal transgressive limestone
of the Lost Branch Formation. In Oklahoma and Kansas this limestone is known as the
Homer School Limestone Bed. The Homer School Limestone Bed is a dark limestone,
with abundant chaetetids and fusulinids. In some areas it contains brachiopods,
bryozoans, small corals, and crinoid debris. The Homer School is thickest (1 m) in
Oklahoma and thins northward to about 0.3 m (Heckel, 1991). In more northern localities
the transgressive limestone is called the Sni Mills Limestone. The Sni Mills Limestone
carries an open marine fauna similar to that of the Homer School Limestone. The Sni
Mills is 0.3 m thick near the Kansas-Missouri border, thins northward to 0.1 min
Missouri, and to 0.03 m in cores from lowa (Heckel, 1991).

The offshore shale of the Lost Branch Formation can be subdivided into three

constituent members. The lower member of the offshore shale is a thin gray shale that in



some cases is considered to be part of the Homer School or Sni Mills limestone beds
(Heckel, 1991). The lower gray shale has a fauna similar to the Homer School and Sni
Mills, and is generally thin in most outcrops. The most significant member is the Nuyaka
Creek Black Shale. The Nuyaka Creek ranges in thickness from 0.3 m to as much as 2.4
m. It is a distinctive fissile black shale bed that is prominent on gamma ray logs in the
study region. The fauna is characterized by conodonts (as many as 10,000/kg) and very
few other organisms. At a few localities ammonoids have been recovered (Heckel, 1991).
Overlying the Nuyaka Creek Black Shale is thick gray shale that extends upward to the
base of the overlying Seminole Formation. The gray shale ranges in thickness from 2.1 to
4.3 meters, but is as thick as 7.6 m near Glenpool in Tulsa County, Oklahoma. The fauna
is typically open marine in nature, dominated by brachiopods, mollusks, bryozoans, and
crinoids (Heckel, 1991). The gray shale is called the Upper Holdenville Shale.

The regressive limestone in Oklahoma is known as the Glenpool Limestone Bed.
The Glenpool is in most places 0.3 m thick. The limestone is relatively impure with
dolomite and quartz sand. In some it sandy enough to be misidentified as the overlying
Hepler Sandstone (Heckel, 1991). Gastropods, bivalves, and foraminifera are common in
the Glenpool, as are brachiopods, bryozoans and crinoids. In lowa the regressive
limestone is known as the Cooper Creek Limestone Member. The Cooper Creek ranges
in thickness from 1.2-2.4 m and overlies the dark Nuyaka Creek Shale. In many areas
terrestrial clays and sediments increase upward in the unit. Its fauna is similar to the
Glenpool Limestone (Heckel, 1991).

At some localities the Glenpool Limestone is overlain by the upper outside shale.
The upper outside shale bears a fauna more representative of terrestrial shales. This
portion of the Upper Holdenville Shale Member represents the maximum regressive
deposits in the basin. The Lost Branch Formation is capped by an erosional unconformity
formed by the complete withdrawal of the Midcontinent Sea from the basin (Heckel,

1991). The unconformity is capped by the terrestrial Seminole Sandstone.



Stratigraphic Sections

Four measured sections were used in the characterization of the Lost Branch
fauna extending from southeastern Oklahoma into southeastern Kansas. The line of
correlation for the four sections crosses the proposed shelf-basin boundary for the late
Desmoinesian highstand of the Midcontinent Sea. Each section was sampled and

processed for conodonts. A lithology key to the measured sections is given in Figure 5.

South Sasakwa Section (Figure 6)

The South Sasakwa section is located in Seminole County, Oklahoma two miles
south of the town of Sasakwa (Fig. 3). The section runs along a road ditch and exposure
by a well pad and is the most complete Lost Branch section. The Homer School
Limestone, the Nuyaka Creek Shale, an interval of the Upper Holdenville Shale, and the
Glenpool Limestone are all exposed and were sampled by J. E. Barrick and D. R.
Boardman in 1990. This exposure of the Lost Branch Formation is 15.3 meters thick and
provides the best resolution conodont sampling of the four sections in the study. The
section is now washed out and cannot be recollected.

The Homer School Limestone Bed is underlain by an interval of brownish gray
shale that overlies a 7 meter-thick sandstone unit. This shale is 1 meter thick and
represents the lower outside shale of the Lost Branch Formation. Conodonts can be
recovered from this interval, but recovery is lower than in other units of the formation.
The Homer School is a 30-centimeter-thick reddish limestone.

The Nuyaka Creek Shale is a dark gray clay shale with abundant ammonoids and
yields a substantial number of conodonts. This was the most intensely collected interval
at the South Sasakwa section. The Nuyaka Creek was easy to process and well-preserved
conodonts were recovered because of its clay shale characteristics. The Nuyaka Creek
interval here is 1.9 meters thick, but because it is not black shale it may incorporate the
deeper portions of the Upper Holdenville Shale.

Above the Nuyaka Creek Shale is an exposure of the Upper Holdenville Shale

that progresses upward from a brown fossiliferous shale to a greenish brown brachiopod-



rich shale. This interval, which is partially covered, is approximately 12.1 meters thick. It
is interrupted by a 10-centimeter interval of nodular limestone that is at the position of
the regressive Glenpool Limestone. The Desmoinesian brachiopod genus Mesolobus was
recovered up to the top of the Upper Holdenville Shale, which is overlain by the basal

sandstone unit of the Seminole Formation.

Little River Section (Figure 7)

The Little River section is located in the cutbank of the Little River one mile
north of Sasakwa in Seminole County, Oklahoma (Fig. 3). The section is in a ravine
with exposures of the Homer School Limestone and the Nuyaka Creek Shale. At times of
high water the Homer School and a portion of the Nuyaka Creek may be submerged. Two
sets of samples were taken from this section by J. E. Barrick and D. R. Boardman in
1990. The first collection sampled the Homer School Limestone and a portion of the
Nuyaka Creek 15 centimeters above it. The second collection consists of five samples
from the Nuyaka Creek Shale.

The Homer School is a gray limestone approximately 30 centimeters thick and
overlain by the dark gray to gray-black Nuyaka Creek Shale. The Nuyaka Creek Shale is
well exposed for 2.4 meters above the Homer School and covered for an interval to the
top of the ravine, an additional 4.6 meters. This covered interval may include the lower

portion of the Upper Holdenville Shale.

Glenpool Type Section (Figure 8)
The type section for the Glenpool Limestone is located just south of Glenpool in
Tulsa County, Oklahoma (Fig. 3). The former road ditch here provided exposures of the
Upper Holdenville Shale and the Glenpool Limestone sampled by J. E. Barrick and D. R.
Boardman in 1990. The shale underlying the Glenpool Limestone is gray and
fossiliferous at its base and grades upward into brownish gray shale at the base of the
Glenpool. This interval of shale is 1.5 meters thick. The Glenpool Limestone is 15

centimeters thick at this section and weathers to a pale orange color. Above the Glenpool,



brown shale extends to the top of the exposure. This section has since been destroyed by

commercial development.

Lost Branch Type Section (Figure 9)

The type section for the Lost Branch Formation is located 1 mile southwest of
Mound Valley in Labette County, Kansas (Heckel, 1991) (Fig. 3). The section is exposed
on the northwest side of the Lost Branch and was sampled by J. E. Barrick and D. R.
Boardman in 1989. An interval of soft dark gray shale overlies the Dawson Coal. This
interval is in the position of the Homer School Limestone, but there is no limestone at
this section. This 10-centimeter dark gray shale is overlain by the Nuyaka Creek Shale, a
black, fissile shale that is 45 centimeters thick. A nodule-rich layer is found at the contact
between the Nuyaka Creek and the overlying fossiliferous gray shale. This gray shale is a
portion of the Upper Holdenville Shale that grades into brown shale approximately 2.6
meters above the top of the Nuyaka Creek. The brown shale interval of the upper
Holdenville Shale continues for another 1.75 meters. The Glenpool is a fossiliferous

calcarenite approximately 25 centimeters thick.






10



11



12



13



14



15



16



17



CHAPTER II
LOST BRANCH FORMATION CONODONTS

Faunal Distribution

The conodont fauna of the Lost Branch Formation is very diverse with distinct
trends observable in the formation. Some units have a unique fauna, and other units vary
only slightly from adjacent units. Tables 1 and 2 provide the raw data from specimen
collections in the four study sections. Figures 10-13 show conodont ranges in each
measured section. The discussion that follows uses the major depositional units of the
Lost Branch Formation as a means of comparison among the four study sections.

Lower Outside Shale
The lower outside shale was sampled only in the South Sasakwa section (sample
5). The quartz-rich shale has a small number of conodonts (9 elements/kg) including
specimens of Idiognathodus species A, Adetognathodus lautus, and Idioprioniodus. Fifty
percent of the recovered conodonts in this interval were A. lautus with both I. species A

and Idioprioniodus amounting to twenty-five percent each.

Homer School Limestone

South Sasakwa Section

The Homer School Limestone was best sampled at the South Sasakwa section.
Two samples, one from the base (sample 6) and one from the top (sample 7), were taken.
The basal sample of the Homer School has the same fauna (ldiognathodus species A,
Adetognathodus lautus, and Idioprioniodus) as the lower outside shale. The top of the
Homer School Limestone shows the first occurrence of Hindeodus minutus in the section.
The dominant conodont of the Homer School Formation at South Sasakwa is I. species A
with fifty percent, followed by A. lautus, Idioprioniodus, and H. minutus.

18



Little River Section

The Little River section yielded a very small number of conodonts (2
elements/kg) from the Homer School. Specimens of Idiognathodus species A and
Hindeodus minutus are present. Neognathodus expansus expansus was found in the
Homer School at the Little River section. The Homer School Limestone fauna at Little
River is very similar to the Homer School fauna at South Sasakwa with the exception of

the presence of N. expansus expansus.

Nuyaka Creek Shale
The most abundant and diverse conodont fauna of the Lost Branch Formation
comes from the Nuyaka Creek Shale. The shale represents the maximum transgression of
the Midcontinent Sea during the last major Desmoinesian eustatic rise. All species and

subspecies characteristic of the Lost Branch Formation are found within this interval.

South Sasakwa Section

The largest population of conodonts (30-160 elements/kg) with the best resolution
for the member comes from the South Sasakwa section. The lower beds provide a well
defined transition from the Homer School fauna to the Nuyaka Creek fauna.
Idiognathodus expansus and Gondolella magna first appear 10 centimeters above the
base of the Nuyaka Creek. Neognathodus dilatus dilatus, N. expansus subspecies B, and
N. expansus expansus first appear 30 centimeters above the base of the Nuyaka Creek.
Gondolella magna is the dominant species in the lowest 30 centimeters of the Nuyaka
Creek.

The major diversification of the Nuyaka Creek fauna occurs at a height of 50
centimeters above the Homer School. At this point there is also a turnover in the
dominant species. The diversification is marked by the first occurrences of Swadelina
nodocarinata, Neognathodus dilatus bifurcatus, N. roundyi, a grooved morphotype of
Idiognathodus expansus, and nodose and rounded morphotypes of Sw. nodocarinata.

Gondolella magna is also present, but is replaced in dominance by several other species.

19



The most consistently dominant species for the remainder of the Nuyaka Creek section is
I. expansus.

The last species to appear in the South Sasakwa section is Gondolella denuda,
which appears at a height of 60 centimeters above the base of the Nuyaka Creek. Its
appearance coincides with a dramatic decline in the abundance of G. magna. Gondolella
magna lingers in minor amounts another 30 centimeters, at which point it disappears. All
species reach their greatest abundances during the interval in which G. magna and G.
denuda are present.

Gondolella denuda and the nodose and rounded morphotypes of Swadelina
nodocarinata disappear 1.1 meters above the base of the Nuyaka Creek. The remaining

species are present through the top of the Nuyaka Creek section at South Sasakwa.

Little River Section

At the Little River Section only Idiognathodus species A and Neognathodus
expansus expansus continue from the Homer School Limestone. Fifteen centimeters
above the base of the Nuyaka Creek Shale are the first appearances of I. expansus,
Swadelina nodocarinata, N. dilatus dilatus, Gondolella magna, G. denuda,
Idioprioniodus, the grooved morphotype of I. expansus. The nodose and rounded
morphotypes of Sw. nodocarinata are also recorded. This level recorded the only
occurrence of G. magna.

Neognathodus roundyi and N. expansus subspecies B appear 50 centimeters
above the base of the Nuyaka Creek. As found at the South Sasakwa section, Gondolella
denuda is the last of the two species of Gondolella to occur in the section. The
disappearance of G. denuda in the Little River section is 60 centimeters above the base of
the Nuyaka Creek. The interval from 50 to 60 centimeters above the base of the Nuyaka
Creek is the interval with the greatest abundance of conodonts (90 elements/kg).
Throughout the Nuyaka Creek Shale at the Little River section Idiognathodus expansus is

the dominant conodont.
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The nodose and rounded morphotypes of Swadelina nodocarinata, Neognathodus
roundyi, N. expansus subspecies B, and N. expansus expansus disappear 90 centimeters
above the base of the Nuyaka Creek. The grooved morphotype of Idiognathodus
expansus, Sw. nodocarinata, and N. dilatus dilatus disappear 1.75 meters above the base
of the Nuyaka Creek. Idiognathodus species A, I. expansus, and Idioprioniodus are

present to the top of the Nuyaka Creek section.

Lost Branch Type Section

The base of the Nuyaka Creek Shale at the Lost Branch Type section is
characterized by the presence of Swadelina nodocarinata, Neognathodus dilatus dilatus,
N. roundyi, N. expansus subspecies B, N. expansus expansus, Adetognathodus lautus,
Gondolella magna, Idioprioniodus, and the grooved morphotype of Idiognathodus
expansus. The base of the shale is dominated by Sw. nodocarinata and G. magna. The
dominance of Sw. nodocarinata and G. magna is notably different from the dominance of
I. expansus in the southern sections. The grooved morphotype of I. expansus is found
only in this lowest interval of the Nuyaka Creek.

The first appearances of Idiognathodus expansus and Neognathodus dilatus
bifurcatus are 22 centimeters above the base of the Nuyaka Creek. Swadelina
nodocarinata and Gondolella magna are still the dominant species. Gondolella magna
and N. dilatus bifurcatus disappear 30 centimeters above the base of the Nuyaka Creek.
The nodule layer at the top of the Nuyaka Creek marks the disappearances of Sw.

nodocarinata, N. dilatus dilatus, N. roundyi, and Idioprioniodus.

The Upper Holdenville Shale
The Upper Holdenville Shale is the interval of gray to brown shale between the
Nuyaka Creek Shale and the Glenpool Limestone. The Upper Holdenville Shale is
exposed in the South Sasakwa, Glenpool Type and Lost Branch Type sections.
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South Sasakwa Section

The lowest part of the Upper Holdenville Shale is characterized by the presence
of Idiognathodus species A, I. expansus, Swadelina nodocarinata, Neognathodus dilatus
dilatus, N. dilatus bifurcatus, N. roundyi, N. expansus subspecies B, N. expansus
expansus, Adetognathodus lautus, Hindeodus minutus, and the grooved morphotype of I.
expansus. Eight meters above the top of the Nuyaka Creek H. minutus has its last
occurrence. The disappearance of Swadelina nodocarinata is recorded ten meters above

the top of the Nuyaka Creek. The remaining species range into the Glenpool Limestone.

Glenpool Type Section

The lower Glenpool Type section is characterized by a fauna of Idiognathodus
species A, |. expansus, Swadelina nodocarinata, Neognathodus expansus subspecies B,
Adetognathodus lautus, Idioprioniodus and the grooved morphotype of I. expansus. The
disappearances of Sw. nodocarinata and the grooved morphotype of I. expansus are 70
centimeters above the base of the section, followed by the last occurrences of N. expansus
subspecies B and Idioprioniodus at 90 centimeters above the base of the section. The
disappearances of I. species A and Adetognathodus lautus are recorded 10 centimeters
below the base of the Glenpool Limestone. Only I. expansus ranges through the entire
Upper Holdenville Shale.

Lost Branch Type Section

The Upper Holdenville Shale at the Lost Branch Type Section is overlain by the
Glenpool Limestone that marks the end of the Lost Branch cyclothem. The last conodonts
of the Lost Branch Formation in this section are found in the Upper Holdenville Shale.
The two species with ranges not truncated at the nodular zone capping the Nuyaka Creek
are Idiognathodus expansus and Adetognathodus lautus. The disappearance of I.
expansus is recorded 2.75 meters below the base of the Glenpool Sandstone. The
disappearance of A. lautus in the section is 65 centimeters below the base of the Glenpool

Sandstone.
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Glenpool Limestone
South Sasakwa Section

This exposure of the Glenpool Limestone is the source of the uppermost diverse
fauna collected in the South Sasakwa section. The fauna of the 10-centimeter-thick
limestone is diverse and abundant but also marks the disappearances of numerous
conodonts. The conodonts Neognathodus dilatus dilatus, N. dilatus bifurcatus, N.
roundyi, N. expansus subspecies B, N. expansus expansus, Idioprioniodus, and the
grooved morphotype of Idiognathodus expansus all mark their disappearances in the
Glenpool Limestone. Only Idiognathodus species A, I. expansus, and Adetognathodus
lautus are found above the Glenpool.

Glenpool Type Section

The Glenpool Type section has only one species represented in the Glenpool
Limestone, Idiognathodus expansus. The difference in conodont fauna here is indicative
of the trend of decreasing diversity as the distance from the South Sasakwa section

increases to the north.

Upper Outside Shale
The only section with an exposure of the upper outside shale is the South Sasakwa
section. ldiognathodus species A, I. expansus and Adetognathodus lautus ranged out of
the Glenpool Limestone and are found up to the top of the outside shale, just below the
Seminole Sandstone. These are the last conodonts to be recovered from the Lost Branch

Formation.

Lost Branch Formation Paleoecology Model

The most complete section in the study is the South Sasakwa section. Owing to
the rapid subsidence of the Midcontinent Basin and large sediment supply, the thick,
nearly complete section provides sampling opportunities for each depositional unit of the

Lost Branch Formation. The three other sections are increasingly incomplete or
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extremely condensed in one interval or another as they increase in distance from the basin
center to the Midcontinent shelf. Comparison of conodont occurrences and abundances
are split into the two main parts of the cycle. The lower (transgressive) group consists of
the lower outside shale, the Homer School Limestone, and the Nuyaka Creek Shale
(Figure 14). The upper (regressive) group consists of the Upper Holdenville Shale, the
Glenpool Limestone, and the upper outside shale (Figure 15). This comparison allows for
the generation of a composite occurrence chart (Figure 16) and interpretation of the

paleoecology of the Midcontinent Sea during deposition of the Lost Branch Formation.

General Model for the Pennsylvanian

Heckel (1999) summarized a paleoecological model for conodont distribution in
Pennsylvanian time that is widely used in interpretation of conodont paleoecology
(Figure 17A). The relation between conodont distribution and the vertical succession of
strata can be adapted for any cyclothem of the Pennsylvanian.

Overall 10 to 200 conodonts per kilogram were recovered from both the
transgressive and regressive limestones of these cycles. The dominant genera in any
model are Hindeodus, Idiognathodus, or Streptognathodus, with occasional
Adetognathodus. These limestones rarely contain species of Diplognathodus and
Ellisonia. Gondolella species are not found in these limestones (Heckel, 1999).

The offshore and nearshore shales have dramatically different conodont faunas
The offshore shale yields conodonts in the abundance of hundreds to thousands of
specimens per kilogram. In the Desmoinesian, the offshore shale is dominated by
Idiognathodus, Swadelina, Neognathodus, Idioprioniodus, and Gondolella. Species of
Gondolella are usually confined to the core shale. The nearshore shales have a very
sparse fauna, yielding only twenty or so specimens per kilogram. These nearshore shales
are dominated by Adetognathodus, Idiognathodus, Swadelina, and less commonly
Hindeodus. The absence of Gondolella and Idioprioniodus is characteristic of these
shales (Heckel, 1999).
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Paleoecology Model for the Lost Branch Formation

Based on the occurrences and abundances of conodonts, a more detailed model
can be constructed for the paleoecology for the Lost Branch Formation (Figure 17B). The
most restricted shallow water species of conodont in the Lost Branch Formation is
Hindeodus minutus. Only the most sand-rich sections (South Sasakwa and Little River)
show the presence of H. minutus. Hindeodus minutus occupied the uppermost layer of the
sea, preferring shallow clastic-rich environments. Only four specimens of H. minutus
were recovered leading to a very restricted interpretation of environment.

The outside shales of the Lost Branch Formation are rich in sand. The only
conodonts occupying these sandy shales are Idiognathodus species A and
Adetognathodus lautus. These species range through the entire Lost Branch Formation.

Idiognathodus expansus thrived in slightly deeper and less turbid water.
Idiognathodus expansus appears in the Nuyaka Creek and is present through the upper
outside shale of the Lost Branch Formation. The greatest abundance of I. expansus occurs
in the southernmost sections during relatively clear-water intervals. The increase in
abundance of I. expansus is coincident with a decrease in the abundance of 1. species A.
The decline in abundance of I. expansus during periods of high clastic influx is
coincident with an increase in abundance of 1. species A.

Species of the genera Neognathodus and Idioprioniodus occupied the lowest
levels of the surface layer, and existed in environments favorable to carbonate deposition
or deeper. Shallow, clastic-dominated environments were not commonly inhabited by
these genera.

The deeper sea below the surface layer was inhabited by Swadelina nodocarinata,
Gondolella magna, G. denuda, nodose and rounded morphotypes of Sw. nodocarinata,
and the grooved morphotypes of Idiognathodus expansus. With the exception of the
common morphotype of Sw. nodocarinata, these species are restricted to the deepest
portion of the cycle, the Nuyaka Creek Shale. Gondolella magna and G. denuda are
restricted to the deepest portions of the Nuyaka Creek Shale and exhibit a staggered

appearance and disappearance from the section. Gondolella magna appears first and
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disappears shortly after the appearance of G. denuda. From south to north both species of
Gondolella increase in abundance. In the northernmost sections Gondolella and
Swadelina replace Idiognathodus as the dominant genera of deep water deposits.

Species of Gondolella were intolerant of environments with reduced water clarity
and rapid rates of deposition. The southern sections of the Lost Branch Formation are
located in the Midcontinent Basin. Sandy sediment was flushed into the basin from the
Ouachita Mountains causing a decrease in water clarity and a high rate of sedimentation,
and was accompanied by rapid subsidence of the basin. The high abundance of
Gondolella in the northern sections and its appearance only in the deeper intervals of the
southern sections shows a preference for clear, deep waters with a low rate of

sedimentation.

Significance to Chronostratigraphic Relationships

Desmoinesian-Missourian Regional Stage Boundary

A new North American Desmoinesian-Missourian Stage Boundary was proposed
by Heckel et al. (2002). The proposed boundary is marked by the first occurrence of the
conodont Idiognathodus eccentricus, which occurs at the base of the Exline cyclothem.
This event can be correlated throughout the basins of North America.

The two Pennsylvanian stages have idiognathodid conodonts with distinct
characteristics that can be used to differentiate the stages. Common Desmoinesian flat-
platformed Idiognathodus have very short and constricting adcarinal ridges. In
Missourian strata, specimens of Idiognathodus have distinctively longer and more flaring
adcarinal ridges. Missourian idiognathodid conodonts also have grooved platform
surfaces that are not found in Desmoinesian specimens (Heckel et al., 2002).

Specimens of Idiognathodus expansus and I. species A from the Lost Branch
Formation show intermediate development of the characteristics most common in the
Missourian Stage. Adcarinal ridges are longer than most Desmoinesian specimens, yet

are more constrictive than in Missourian specimens. The intermediate development of
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these characteristics is indicative of their proximity to the Desmoinesian-Missourian

boundary.

Moscovian-Kasimovian Global Stage Boundary

The international stages at the boundary of the Middle and Upper Pennsylvanian
are the Moscovian and Kasimovian. A proposal is being developed at the present time by
the Subcommission on Carboniferous Stratigraphy of the International Commission on
Stratigraphy (ICS) to establish a boundary between the Moscovian and Kasimovian that
can be correlated globally by the use of fossils (Villa et al., 2004). Three taxa are being
considered to characterize and correlate the boundary. One proposal is that the boundary
be placed in relation to first occurrence of the Eurasian fusulinid genus Protriticites. The
second proposal is that the boundary be placed at the first appearance of the Eurasian
fusulinid genus Montiparus. The final proposal is that the boundary be placed at the first
occurrence of the conodont Idiognathodus sagittalis (Villa et al., 2004).

The reliability of correlating Eurasian marine strata with North American marine
strata of similar age, based on conodont fauna, is questionable. Correlation of conodonts
between the Donets Basin, Ukraine, and the Midcontinent Basin, USA requires a level of
interbasin connectivity that was highly improbable. The basins were only connected
during highstand by a shallow channel along the northern margin of Gondwana. While it
is possible that there was interbasin migration and mixing of species at these times, it
seems more probable that similar ecologic conditions brought about the co-evolution of
similar morphological characteristics (Barrick et al., 2000).

The proposed first appearance of Idiognathodus sagittalis as a boundary defining
conodont event (Villa et al., 2004) is faced with many hurdles. Idiognathodus sagittalis
and its ancestor 1. trigonolobatus were described from Eurasian strata. The Midcontinent
species of Idiognathodus similar to I. sagittalis are not the same species (Barrick et al.,
2000); they share several common morphological characteristics, but differ in others. The
new species of Idiognathodus discussed in this study (I. species A) shares characteristics

in common with both I. sagittalis and I. trigonolobatus (Figure 18). Idiognathodus
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species A is more similar to I. sagittalis than it is to I. trigonolobatus (see systematics).
Similarities in the symmetry of the caudal accessory lobe, the long rostral lobe axis, and
the elevated platform margin do not necessarily indicate a direct relationship.

The problem of co-evolution is not limited to the genus Idiognathodus. Similar
problems can be found in Swadelina and Neognathodus. Streptognathodus makhlinae
from the Donets basin has been tentatively placed in the genus Swadelina because of its
similarity to Midcontinent species of Swadelina. Swadelina nodocarinata and Sw.
neoshoensis have less caudal curvature and more development of the rostral accessory
lobe than found in St. makhlinae. A direct relationship between the Midcontinent and
Eurasian species cannot be established. Many species of Neognathodus from Eurasian
studies have been named after Midcontinent species for which they share most, but not
all, morphological characteristics. There are important differences between the
Midcontinent and Eurasian samples of N. roundyi, N. medadultimus and N. dilatus. With
such variation across a wide variety of genera in the Donets Basin, the Russian Platform,
and the Midcontinent Basin it seems highly unlikely that a single conodont event can be

used to correlate a boundary on a global basis.

Terminal Desmoinesian Extinction

The terminal Desmoinesian extinction occurred prior to the proposed
Desmoinesian-Missourian boundary, during the Lost Branch regression. The extinction
of species of conodonts, fusulinids, ammonoids, sponges, brachiopods, and
palynomorphs can be related to this event. The ammonoids Gonioglyphioceras,
Wewokites, Eothalassoceras, and Wellerites went extinct along with the fusulinid
Beedina, the demosponge Chaetetes, and the brachiopod Mesolobus. Extinction in the
palynomorphs included most members of Lycospora, Thymospora, and Granasporites.
The conodont genera of Neognathodus and Swadelina also went extinct (Heckel, et al.,
2002). All species of conodont affected by the extinction are found in the Lost Branch

Formation. The final occurrences of Neognathodus and Swadelina are in the regressive
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sequence of the Lost Branch Formation. No new data was obtained during the present
study to explain the extinction event.

Summary
The conodont fauna of the Lost Branch Formation is the last diverse fauna of the

Desmoinesian. Species of Idiognathodus are well represented throughout the formation
including 1. species A (new species). Swadelina nodocarinata is the last species of
Swadelina prior to its extinction. Terminal species of Neognathodus are present and
recognized in the Lost Branch Formation prior to their extinction. The more wide-
ranging, but less abundant Adetognathodus lautus, Hindeodus minutus, and
Idioprioniodus are found throughout the formation. The deep water genus of Gondolella
is represented by the species G. magna and G. denuda in the Nuyaka Creek Shale of the
Lost Branch Formation. The Lost Branch Formation idiognathodid fauna is transitional
between typical Desmoinesian and Missourian faunas. Longer, more flaring adcarinal
ridges, the development of grooved platforms in Idiognathodus mark the change from
Desmoinesian to Missourian conodont fauna.

The distribution and abundance of the conodonts was used to develop a
paleoecological model for the Lost Branch Formation that differs slightly from the
general model developed by Heckel (1999). A significant turnover in dominant genera
from Idiognathodus in the southern basin to Gondolella on the northern shelf is
diagnostic of the change water clarity and rate of deposition. The trade off in the
abundance of species in highstand and the abundance of species in lowstand is indicative
of preferential water depth. Ecological relationships across the Midcontinent Basin
relating to water depth, clarity, and rate of deposition are reflected in the Lost Branch

model.
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CHAPTER IlI
DETERMINATION OF PA ELEMENT FUNCTION
FROM MICROWEAR AND MORPHOLOGY

The use of observational methods to determine the likely function of conodont
elements has increased in the past decade. Conodont workers are beginning to tie
elemental characteristics to function in order to better understand the feeding behavior of
conodonts. Natural assemblages, where all of the elements from one animal are found,
offer the best opportunity to conduct such studies. These natural assemblages provide
information on anatomical orientation and spatial distribution of elements, and provide
pairs of elements that would naturally have been used together. Understanding the
skeletal architecture of a conodont has great value, but in determining function of the
element, the natural pairs provide the best, testable information.

A problem facing this type of work lies in the relative lack of natural
assemblages; more significantly the lack of natural pairs. Many conodont workers have
studied natural assemblages, but most are faced with the task of pouring over samples
that are mixtures of disarticulated, isolated elements. The bulk of taxonomic work comes
from disarticulated specimens in mixed samples rather than specimens of natural
assemblages. In order to describe element function completely, a method must be
established for gleaning function from disarticulated, isolated elements. In doing so, each
morphological feature can be related to a function, and a better understanding of the

mechanism of feeding behavior in early vertebrates can be generated.

Review of Analytical Methods

A group of conodont workers, including Mark Purnell, Richard Aldridge, and
Philip Donoghue, have presented work on various aspects of early vertebrate evolution,
conodont element function, and natural assemblages. Their works have provided the

background necessary to begin to look more deeply into element function.
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Allometric Growth of Individual Elements

An early analytical method was purely mathematical and based on the relative
growth rate of conodont elements to the overall size of the apparatus. The basic premise
is that certain feeding behaviors require a certain growth rate. Three outcomes are
possible for this type of analysis. In isometric growth, relative size increases of an
element occur in step with growth of the apparatus. In positive allometric growth, the rate
of size increase of an element is higher than growth of the apparatus. In negative
allometric growth, the rate of relative size increase of an element is lower than the growth
of the apparatus.

Purnell (1993) tested two competing models for element function by comparing
element size to assemblage size (Pa element length acting as the measure of apparatus
growth). The “suspension-feeding” model (Nicoll, 1985, 1987) proposes that the
elements are covered by ciliated tissue. Primary filtering was accomplished by the S and
M elements of the apparatus. Pa elements served to bruise or mash the food particles
prior to digestion (Purnell, 1993). In the “grasping-tooth” model (Briggs et al., 1983) S
and M elements grasp prey while Pa elements slice and grind the food (Purnell, 1993).

Purnell (1993) indicated that both models agree with respect to the Pa element
function of bruising or crushing food particles. Living analogues of this style of food
processing are molar teeth in mammals. Purnell’s assumption is that tooth function is tied
to surface area; as animal size increases so must the surface area of the tooth. Food
requirements increase at a rate faster than the rate of growth for the animal. This
relationship results in positive allometric growth. Upon plotting the relationship between
Pa element growth (platform length) and apparatus growth (Pa element length) the
relationship fits to positive allometric growth. The conclusion is that a bruising and
mashing function of Pa elements is highly probable (Purnell, 1993).

The suspension-feeding hypothesis requires positive allometric growth in S and M
elements. This relationship is the result of the link between surface area of the filtering
apparatus and the increasing food requirements of the growing organism (Purnell, 1993).

The grasping-tooth hypothesis does not require positive allometric growth because food
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acquisition is not related to surface area (Purnell, 1993). The results of Purnell’s study
indicated isometric growth in S and M elements and a grasping-tooth function. While the
data suggest that S and M elements functioned as graspers, any real evidence in conodont
soft parts for mobility of these elements is lacking. Only by comparison to the grasping
oral apparatus of hagfish (Briggs, et al., 1983) is it possible to turn this type of function
into an actual possibility rather than just a mathematical probability.

Microwear

In 1995, Mark Purnell published his first study on the relation of microwear to
element function in paired elements from natural assemblages. He did not limit his study
to Pa elements, but to all elements from the genus Idiognathodus. The initial observations
were of single specimens based on comparison of microwear to similar microwear
patterns found on molar teeth. As in molar teeth evidence existed for frosting, pitting, and
scratching. Purnell (1995) observed that all three wear patterns were found on the blade,
whereas only frosting and pitting were present on the platform. The basic interpretation
was that pitted microwear on the platform indicated food was crushed between opposing
platforms. No scratching was observed on the platform, indicating that the platform does
not grind. Polishing indicated that contact with hard foods or the opposing elements
occurred on the platform (Purnell, 1995). The presence of scratching on the denticles of
the blade indicated a shearing function (Purnell, 1995).

Later Donoghue and Purnell (1999) produced a detailed study of a pair of Pa
elements from an assemblage of Idiognathodus. The Pa elements were tested by placing
the elements in various stages of opposition and temporarily adhering them with gum
tragacanth for analysis by SEM. From this, they described the “Dorsal Power Stroke,”
which summarized the function of one full occlusion of the two elements. In general the
results supported their previous work. The conclusion of the work was that morphology,
microwear, and paired analysis can lead to the correct interpretation of the element

function in Idiognathodus.
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Single Element Morphology and Microwear
The final conclusion of Donoghue and Purnell (1999) was that the paired
specimen analysis was a valuable approach in determining element function. While the
data gained from this analysis is powerful, it is not necessary to the understanding of
element function. The function of the Pa element, the control on occlusion, and the
limitation of movement can all be determined using microwear analysis tied with
complete morphologic characterization. Due to the lack of natural pairs for many

conodonts, it is necessary to find ways to characterize element function without them.

Methodology
The method for developing a complete characterization of element function

without the aid of natural pairs is relatively simple. The primary task is to completely
describe the original texture and interpret how it relates to the microwear evident on the
elements. Original texture is the natural texture of the element as a result of element
growth and development. Microwear is defined as the loss of original element texture.
The microwear of original texture is then compared with the overall element morphology
to generate a complete picture of element function.

For this study Idiognathodus expansus was chosen for analysis. Several Pa
elements of I. expansus (SS138, SS139, SS145, SS368, SS500, and SS512) were selected
from the Lost Branch Formation (Figure 19). Each specimen was analyzed by taking
numerous photomicrographs of specific portions of the platform and blade at
magnifications between 300 and 3000 times, and examined for original texture and
presence of microwear. Each element was broken into two morphological regions based
on the likely difference of function. The blades and platforms are described
independently of each other and the results are synthesized to interpret the overall
function of the Pa element of I. expansus.

One of the most important aspects in the description of original texture and
microwear of the Pa element is the use of anatomically appropriate terminology. In the

interest of uniformity the terminology proposed by Purnell et al. (2000) is used here. The
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terminology is summarized in Table 3 and illustrated in Figure 20. While the terminology
used here is anatomically correct, figures relating to taxonomic work will be oriented

according to convention and not with respect to anatomy.

Original Texture in Conodonts

Original texture was determined by examining areas of the element least likely to
be in direct contact with the opposing element. Extra attention was given to juvenile
specimens in hopes of better preservation of original texture. There are three distinct
types of original texture on conodont elements. Each texture relates to a specific
morphological region of the element. The oral surface of the blade has a fibrous texture,
the oral surface of the platform has a polygonal texture, and the aboral surface of both the

blade and the platform is featureless and smooth.

Blade Texture (Figure 21)

Denticles of the blade have a fibrous texture that is not present on the aboral bar
of the blade. The fiber-like structures making up the texture of the denticles range from
50 to 75 microns in length and are usually no wider than 3 or 4 microns (Fig. 21A). The
entire denticle surface is composed of these fiber-like structures. The fibers closest to the
denticle margin are oriented parallel to the margin. As distance from the margin increases
the fibers become increasingly more vertical in orientation, until the central-most fibers
are perpendicular to the bar of the blade. The fibers interfinger and converge at the
denticle tip (Fig. 21B, 21C). The base of the denticles show a gradation from the strong
fiber-like structures of the denticles to the smooth, featureless texture of the bar (Fig.
21D). The uniform appearance of the bar texture indicates a microscopically smooth
surface. The contact between fiber-like structure and smooth texture although

gradational, increases in elevation from the dorsal blade to the ventral blade.
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Platform Texture (Figure 22)

The oral surfaces of Pa element platforms of Idiognathodus expansus are highly
ornamented with nodes, carinal rows, and transverse ridges. These features dominate the
platform. At higher magnifications it is evident that all oral surfaces are ornamented with
a polygonal texture (Fig. 22A, 22B). The polygons are mostly uniform in size; the
average polygon has a diameter of 5 to 7 microns. The polygon outlines are elevated
linear features separating the polygons from each other. The central area of each polygon
is lower in relief than the surrounding polygon outlines (Fig. 22C). The polygons formed
are typically pentagonal in shape, but less commonly may be highly distorted rectangles
or hexagons. The polygonal texture is most recognizable in depressions on the oral
surface, although it can be found on all surfaces including nodes, carinae, and adcarinal
ridges. The contact between the polygonal texture and the smooth aboral texture of the
element is much more discrete than the contact in blade portion of the element (Fig.
22D). The smooth aboral texture is uniform to within a few microns of the oral surface.

Characterization of Microwear and Morphology

Blade Microwear

Blade microwear is focused on the denticle tips. Two degrees of microwear on the
denticle tips indicate the severity of microwear they have undergone. Abrasion is evident
along the rostral and caudal sides of the blade (Figure 23A). Abrasive microwear results
in the removal of original texture on the denticle tip. Fibrous structures can be reduced or
completely removed depending on the intensity of this abrasive wear. Wear is also
expressed through the reshaping of blade features. The denticle tips are commonly worn
on the dorsal face of the denticle, reducing the original triangular shape of the denticle to
a convex dorsal surface, rounded most at the tip (Figure 23B). Similar wear is found on
the platform extensions of the adcarinal ridges and the medial carina. Rostral adcarinal
ridges undergo reshaping and abrasion to a higher degree than the caudal adcarinal
ridges. The characteristic step-like pattern that is evident on the caudal adcarinal ridge is

lacking in the rostral adcarinal ridge (Figure 23C, 23D).

46



Abrasive microwear is likely the result of either blade to blade or blade to food
contact that generates the friction required to remove original fibrous texture. As the
intensity of the abrasive wear increases there is a corresponding increase in the loss of
original texture. Three trends can be found when observing the abrasive microwear on the
element. The first trend is that the intensity of the abrasive microwear decreases from
maximum (complete removal of the fibrous structure) at the denticle tip to minimal levels
(slight reduction of texture) only a few microns (a maximum of 20 microns) below the
denticle tip. The second trend is that the rostral side of the sinistral element and the
caudal side of the dextral element are most intensely worn. The zone affected by abrasion
extends a greater length from the denticle tip and is smooth to the point of total loss of
original texture on these intensely worn sides. The final trend is that the abrasive wear on
the denticle tip is most intense on the dorsal face, and decreases to the ventral face. The
most intense abrasion is localized on the dorsal-most denticles of the blade.

Reshaping reduces the denticle tips from distinct triangular apexes to rounded and
blunted tips. The area of most intense reshaping is the dorsal facing surface of the
denticle tip. The dorsal surface is inclined to the ventral end of the blade and is the longer
of the two opposed surfaces because of the steep ventral inclination. The tips themselves
may show evidence of chipping but it is difficult to separate chipping due to function
from chipping due to postmortem movement and processing.

Blade Morphology

Several unique characteristics of the morphology of the blade are significant to
the overall function of the element. The most easily recognizable trend is that denticle
height increases from the dorsal blade to the ventral blade (Figure 24). The height
increases to the second to last denticle on the ventral end. The final denticle commonly
does not reach the same elevation above the bar as the previous one.

Width measurements were taken on the two dorsal-most blade denticles to
measure asymmetry for comparison to the most intense wear on the rostral side of

sinistral elements and the caudal side of dextral elements. In sinistral elements the caudal
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side accounts for 63% of the width of the denticle, using the line formed by connecting
the tips of each of the denticles on the blade as the line of symmetry. In dextral elements
65% of the width of the denticle occurs on the rostral side of the element. This
comparison shows that the side of intense wear in elements is also the side contributing

the least to the overall width of the dorsal blade denticles (Figure 25).

Platform Microwear and Morphology

Platform Microwear

The platform can be separated into two distinct microwear “provinces” based on
the localization of specific evidence of wear in relation to the ornamentation of the
platform. The ventral flat platform is a common site for reshaping of ornamental features.
Some abrasive wear is evident by the smoothing of original texture on dorsoventral
features. The dorsal sloped platform shows evidence of reshaping in the sharpening of
rostrocaudal-oriented features and abrasive wear in the removal of original polygonal
texture.

The ventral flat platform is dominated by reshaping. The highly ornamented flat
platform has the greatest surface area of the element. Evidence of reshaping is found in
the dorsoventral lengthening and rostrocaudal shortening of nodes and ridges on the flat
platform (Figure 26A). Nodes are the simplest example of this, with their dorsoventral
length being greater than rostrocaudal length. In addition, the original polygonal texture
is distorted in the dorsoventral direction on high points and truncated in the rostrocaudal
direction. Abrasion is expressed on rostrocaudal and high surfaces on the platform
resulting in a decreased intensity of the original polygonal texture (Figure 26B).

The dorsal sloped platform is ornamented with transverse ridges. These
rostrocaudal-oriented features are the focus of both reshaping and abrasion. The ridges
form rostrocaudal features of high (the crests) and low (the troughs) elevation that show
differential wear. The crests of the ridges are the focus of reshaping. The ridge crests
develop a sharp ventral face that is often highly polished by abrasion (Figure 26C). At the

crest, the polygonal texture is truncated regardless of polygon boundaries (Figure 26D).
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The truncation is enhanced by the high degree of abrasion on the ventral facing surfaces
of the element. The degree of both the reshaping of the transverse ridges and the abrasion
of the ventral ridge faces tends to concentrate around the slightly elevated platform
margins. The transverse ridges are more subdued on the central platform than they are on

the platform margins.

Platform Morphology

The dorsal platform is inclined approximately 24° from the ventral flat platform
indicating some regionalization of function on the platform of the Pa element (Figure
27A). Spacing between the transverse ridges closest to the ventral flat platform range
from 30 to 50 microns. Spacing between the transverse ridges on the dorsal end of the
platform range from 50 to 80 microns (Figure 27B). There are an average of eight
transverse ridges per platform.

At the transition between the dorsal sloped platform and the ventral flat platform a
substantial increase in surface area is facilitated by the growth of the two accessory lobes.
Of the two lobes, the caudal lobe is the most significant at nearly three times the size of
the rostral lobe. When comparing the widest part of the ventral platform to the widest
point of the dorsal platform it appears there is a difference of approximately 50 microns.
Typically the ventral platform is ornamented with 10 to 20 nodes and represents the bulk

of the oral surface area of the platform.

Evidence for Bilateral Occlusion in Pa Elements

The strongest evidence for bilateral occlusion in Pa elements of Idiognathodus
expansus lies in the morphology and microwear of the dorsal-most denticles of the blade.
The morphological asymmetry (Fig. 25) and the asymmetry of microwear intensity on the
caudal and rostral side of these elements (Figure 28) are the primary evidence for
bilateral occlusion. Both asymmetries are found on the rostral side of the sinistral element
and the caudal side of the dextral element. This simple relationship in dorsal blade

asymmetry indicates the orientation of the two elements with respect to each other. When
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paired, the accessory lobes protrude from the caudal side. The dextral element is offset
from the sinistral element to the rostral side. This rostral offset results in a dextral behind
sinistral bilateral occlusion (Figure 29). The same characteristics can be recognized to a
lesser degree on the adcarinal ridges and medial carina of the ventral flat platform.

One important point that puts a significant constraint on the movement of the
element is that the strong dorsoventral structures of the element indicate a single plane of
motion. In addition to the dorsoventral structures exhibiting control over the plane of
motion, there is no evidence for microwear resulting from rostrocaudal motion or from
any motion other than the dorsoventral motion of the bilaterally occluded elements. The
understanding that the motion is simple and in one plane allows for functional

interpretation.

Functional Significance of Pa Element Bilateral
Occlusion in Idiognathodus expansus

The function of the Pa element in Idiognathodus expansus is controlled by
bilateral occlusion and the limitation of movement resulting from dorsoventral element
structures. Combining the information gathered from the morphological and microwear
analysis of the blade and the platform allows for function of the whole element to be
described. Element function is complex despite the simple, tightly controlled occlusion.
Both the blade and the platform serve two functions. They share the common function of
food particle transport and each processes food particles. The method of processing
differs between the blade and the platform. In the case of I. expansus the Pa element

serves three distinct functions.

Function of the Blade

Transport of Food Particles

The primary function of the blade is food transport. Food particles are moved
from the ventral blade to the ventral platform. The orientation of the dorsal-facing
denticle surfaces and the movement implied by the bilateral occlusion of the element

allow for the dorsal denticle surfaces of the opposing blades to push larger food particles
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in the direction of the ventral platform. The intensity of reshaping on the dorsal surfaces
as well as the localization of frictional wear to the dorsal side of the denticles and blades
indicate that this is the primary function of the blade. The higher elevation denticles near
the ventral portion of the blade show much less evidence of wear than those closer to the
platform. High elevation denticles may aid in the dorsal movement of food particles by
providing the initial dorsal push. Another possible function of these high elevation
denticles could be to block large food particles from moving through the ventral cavity
with flow of food. Preliminary measurements indicate that the blades of opposing
elements diverge away from each other at the ventral end so that they are not in direct
contact. Divergence of the blades provides a strong argument that shearing does not occur

on the ventral blade, and that it serves a function other than food processing.

Processing of Food Particles

The blade serves a secondary slicing function for large food particles during
movement. If the blade served a movement function only microwear would be found on
the dorsal facing surfaces and the occlusion related surfaces along the rostral side of the
sinistral element and the caudal side of the dextral element only. Abrasive microwear on
the non-occluded sides of the blades indicates some contact with food particles at the
denticle tips.

A slicing function has been considered the dominant function of the blade in the
Pa element. Microwear evidence suggests that slicing was minimal while motion of food
particles was the dominant function. The amount of microwear on denticle tips places
constraints on the degree of occlusion of the blade and its denticles. As described
previously, the microwear on blade denticles is limited to the top 5 to 20 microns (10 to
25 percent of the length) of the denticle. This means that the blades do not completely
occlude (Figure 30). Since slicing is not highly effective, as originally hypothesized, this
could be an indication of preferred food size that would reduce the need of the blade to

serve an efficient, dominant, slicing function.
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Function of the Platform
The distinct regionalization of the platform into the dorsal sloped platform and the
ventral flat platform also serves as a functional division. The platform serves two
functions as does the blade of the element. The platform functions both for the transport
of food particles and for processing of food particles. The dominant function of the
ventral flat platform is processing of food. The dominant function of the dorsal sloped

platform is the transport of food particles.

Transport of Food Particles

The abrasive microwear of the ventral facing ridge surfaces, as well as the ventral
truncation of polygonal texture at ridge crests, shows that the main function of the dorsal
platform was the ventral movement of food particles. The ridge crests were likely not
offset so that the ridge crest of the dextral element was occluded into the trough of the
sinistral element. This is supported by the lack of abrasive microwear on the dorsal facing
ridge surfaces and the near complete removal of original texture on the steeper ventral
facing surfaces of the transverse ridges. The increase in spacing of dorsal transverse
ridges indicates a reduction of functional significance in the dorsal direction. Large
spaces between ridges reduces the overall surface area of the dorsal platform. The ventral
truncation and abrasion of transverse ridges shows that the preferred function of the

dorsal platform is the ventral motion of food particles.

Processing of Food Particles

The ventral flat platform serves the function of processing food particles. The
concentration of abrasive microwear on high elevation nodes and the elongation of nodes
in the dorsoventral direction are indicative of movement in the dorsoventral direction.
Uniform wear on all directional faces of nodes indicates a uniform application of pressure
from all sides. The dorsoventral motion of the opposed elements can cause a general
elongation of nodes in the dorsoventral direction indicating a two-component movement

of the opposed elements. The first dorsal stroke and the second ventral stroke are both
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equally important to the microwear found on the ventral flat platform. All of this
information when combined with the high surface area of this portion of the element
indicates that this is the zone of most importance in the processing of food. Based on the
motion indicated for the ventral platform, food is squeezed as the ventral platform closes
to the dorsal end, and then reverses, closing to the ventral end on the return stroke. To
describe the function of this portion of the element as crushing indicates force
perpendicular to the platform. The true characterization as squeezing is more likely
supported by direct microwear and morphological analysis. Squeezing implies that food
particles were capable of being pulled apart as they are compressed by the opposing
elements. Grinding is not likely due to the lack of striated surfaces on the platform. Due
to the tight bilateral control of the occlusion of the elements no rostrocaudal motion is

associated with the function of the elements.

Revision of the “Dorsal Power Stroke”

The “dorsal power stroke” of Donoghue and Purnell (1999) was proposed to
represent the full movement of the occluded elements. The elements started closing from
the ventral blade to the dorsal platform. The motion was described for each step, and the
effects the motion would have on the element were described. The reverse order of events
and effects would occur on the return stroke. The movement itself is relatively simple and
the overall effect of the motion is the same as it has been discussed here with respect to
specimens of Idiognathodus expansus (Figure 31).

The motion of the occluded elements can be broken into six steps each marking a
particular functional significance. Steps 1, 2, and 3 represent the dorsal power stroke and
Steps 4, 5, and 6 represent the return stroke. The main food processing function occurs
twice in the middle of both the dorsal power stroke and the return stroke. The steps

before and after serve to bring food to the ventral platform for processing.
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Step One: Blade Occlusion

The starting position for the two opposed elements is one in which the ventral
denticles of the blade may be in light contact. The elements close in the dorsal direction
bringing dorsal denticles into light contact and separating the ventral denticles. The
blades do not function like scissors and do not attain a scissor-like arrangement during
this motion as the degree of denticle to denticle contact is fairly low based on the
restriction of microwear to the denticle tips. The arrangement of denticles serves to push
food particles in the dorsal direction so that by the end of the step food particles have

been pushed between the now closing ventral flat platforms.

Step Two: Ventral Platform Occlusion

Step two begins were the ventral most portions of the ventral platforms are forced
together squeezing food particles in the dorsal direction. If the food particles are hard
they will be propelled in the dorsal direction as they are broken down. Soft particles will
be flattened and pushed in the dorsal direction. It is during this step that the most direct
and strong element to element contact occurs to pulverize the food particles. The added
surface area from the rostral and caudal (more importantly) accessory lobes
and high degree of ornamentation make for efficient processing of food particles. This
step comes to an end as the dorsal-most ventral platforms begin to lose contact and the

ventral portion of the dorsal platforms begin to come into contact.

Step Three: Dorsal Platform Occlusion
The final step of the dorsal power stroke begins as the dorsal platforms close in on
each other. The ventral facing ridges catch food particles being propelled or pushed
(depending on the food type) in the dorsal direction and push them back in the ventral
direction. At the maximum dorsal platform occlusion, food particles are held squeezed
between the two opposing platforms. This is the final position for the dorsal power

stroke.
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Steps Four to Six: The Return Stroke

As the dorsal platform releases, the trapped food particles fall with the aid of
gravity and the directional force of the transverse ridges between the now closing ventral
platforms. The sole purpose of this motion in step four is to move food back to the ventral
platforms for final processing. Step five is a repeat of step three. Food particles are
squeezed between the occluded ventral platforms and with the aid of gravity are cleared
from the elements. If the food particle is too small to be recollected by the blades then it
continues on through the conodont’s digestive system. If the food particle is large enough
to be recollected step six begins to push it back to the ventral platform and is continued as

the elements go into a second dorsal power stroke.

Problems with Pa Element Functional Theories

Natural Flow of Food

The primary problem of Pa element function is related to the anatomical
orientation of the Pa elements within the body cavity and their relation to the flow of
food. The flow of food through the digestive tract follows the rostrocaudal axis of the
apparatus. Pa elements are paired on mediolateral axis. The two axes form a
perpendicular intersection. The proposed motion of food particles induced by the Pa
elements is along the dorsoventral axis, also perpendicular to the flow of food. The
physical explanation of how food can be moved perpendicular to the natural flow of food
is unclear.

To catch all food particles, the cavity would have to completely enclose the Pa
elements and the element motion would have to be very fast. Rapid motion of the Pa
elements would dramatically reduce the role of gravity on the return stroke placing a
greater role of food movement on the dorsal sloped platform. Rate of motion would need
to be so high in the suspension feeding model that very little food would be processed or
could make it through the Pa elements. A slower rate of motion could be possible in the
grasping and rasping hypothesis as the flow of food could be controlled by the preceding

S and M elements. Answers to this problem will require significant study in the future.

55



The Nature of the Food

To this day the food preference of conodonts is unknown. Functional analysis of
the oral apparatus of conodonts is greatly hindered by this fact. The two characteristics of
food that would have the greatest effect on functional interpretation are the size of the
food and the physical hardness of the food. The interpretations of any study on element
function can be subject to revision based on the type of food that was processed by the
oral apparatus.

Smaller food sizes allow for greater latitude in interpretation of function in a fluid
filled cavity due to the varying effects of the elements on both the food particles and the
flow of food itself. Larger food sizes require functional emphasis on reduction of particle
size. Slicing and crushing would be the most efficient means of food particle reduction.

Hard food particles would be very difficult to process by slicing with the delicate
blade portion of the Pa elements. The crushing of hard particles on the platform should
cause a great deal of damage to the oral surfaces of the platform which in most cases are
fairly well preserved. Soft food particles could be sliced and squeezed with ease by the

delicate elements of the apparatus and leave fewer signs of functional wear.

Summary
Without using paired element analysis of Pa elements of Idiognathodus expansus

it is possible to determine the function of the Pa element with a reasonable certainty by
comparing data from microwear analysis to morphological observations. The Pa element
serves a food processing function that is dominated by squeezing of food particles on the
central portion of the element (ventral flat platform) and the ventral and dorsal ends of
the element serve the purpose of moving food particles to the main food processing
center of the element.

Problems with microwear and morphological analysis of function do exist and
there are a great number of morphological variations that seem to be favored during
certain stages of evolution that are not well understood as they relate to function. One

such example is the deep medial groove in Swadelina. The function of a groove in a Pa
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element is poorly understood and must be resolved before interpreting its function in
Swadelina. The same preferential evolution in favor of grooved platforms can be seen in
Missourian specimens of Idiognathodus.

The method of using microwear analysis and morphology works well for the
relatively simple specimens of Idiognathodus expansus. The functional analysis without
paired specimens is of great value for species without natural pairs or natural
assemblages. As complexity of the element increases it becomes more difficult to rely
solely on the microwear analysis and morphological method described here. It may be
possible to use existing natural pairs as analogues to similar species without natural pairs,
but it is doubtful that all species could be understood in this way. As more work is done
in microwear related to function it may be possible to generate a method applicable to a

majority of conodont species.
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APPENDIX
SYSTEMATIC PALEONTOLOGY

Conodont element descriptions use the anatomical terminology of Purnell et al.
(2000). For a summary of the important terms see Table 3. Photomicrographs are
oriented in the conventional manner for ease of comparison and do not reflect proper
anatomical orientation. Synonymies are detailed for revised species and species of high

abundance and are abbreviated for species of low abundance and general acceptance.

Phylum CONODONTA Pander, 1856

Class CAVIDONTI Sweet, 1988

Order OZARKODINIDA Dzik, 1976

Family ANCHIGNATHODONTIDAE Clark, 1972

Genus HINDEODUS Rexroad & Furnish, 1964

(Type- Trichonodella imperfecta, Rexroad, 1957)

Diagnosis: Carminate Pa elements with high, arching carina. Pa elements are short,
consisting of one enlarged cusp followed dorsally by eight to twelve denticles.
Description: Elevation of Pa element denticles is uniform until the dorsal-most denticles.
The dorsal-most denticles decrease in elevation to the aboral margin of the element. The
basal cavity is flaring and unornamented, usually centered on the ventral end of the
element (Rexroad & Furnish, 1964). Pb elements are angulate with a curved cusp and
elongate, needle-like denticles. S elements are curved at the cusp and flex downward. S
element denticles are more needle-like than the P elements. The dorsal and ventral
processes can have multiple enlarged denticles along the length (Sweet, 1988).
Remarks: Late Paleozoic conodont workers recognize only one species of Hindeodus.
Several species are common from earlier strata. Hindeodus minutus is the only

recognized species in the Desmoinesian (Sweet, 1988).
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HINDEODUS MINUTUS (Ellison, 1941)

Spathodus minutus ELLISON, 1941, pl. 20, figs. 50-52

Figures 37.15, 37.16

Diagnosis: Pa element with a cusp showing a dorsal curvature and a row of eight to ten
distinct carina that slowly decline in elevation from the cusp to the dorsal end of the
element.

Description: The denticles of the carina decline in elevation following the cusp, to the
dorsal edge of the platform. The most rapid decline in elevation in the dorsal-most two or
three denticles. Denticles are fused with only the tips free. The cusp is large and curved
dorsally. The basal cavity is robust and unornamented. There is a slight curvature of the
carina to the caudal side.

Remarks: Pb, S, and M elements of Hindeodus minutus are difficult to identify because
of their delicate nature. Many fragmented elements were found having the distinct large
cusp shared with Pb and S elements from other genera. Distinguishing characteristics
could not be determined with accuracy on the broken elements.

Material Examined: Illustrated Pa element TTUO05/83 from the South Sasakwa section.
Four specimens were recovered from the South Sasakwa section, and one specimen from
the Little River section.

Occurrence: Hindeodus minutus was recovered from the Homer School Limestone and

the Upper Holdenville Shale (offshore facies only).
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Family CAVUSGNATHIDAE Austin & Rhodes, 1981

Genus ADETOGNATHODUS Lane, 1967

(Type- Cavusgnathus lautus, Gunnell, 1933)

Diagnosis: Carminiscaphate Pa element split by a deep medial trough with high
elevation platform margins. The free blade is attached to one platform margin and joins
with a short fixed blade.

Description: Pa element platform margins meet at the dorsal end of the element and may
be ornamented by nodes or short transverse ridges. The basal cavity is robust and
longitudinally elongate (Lane, 1967). Pb elements are symmetrical around the cusp with
wide needle-like denticles. S elements are more needle-like than those of similar generic

background but retain a morphology characteristic of most ozarkodinid conodonts.

ADETOGNATHODUS LAUTUS (Gunnell, 1933)
Figures 37.11-37.14
Cavusgnathus lautus GUNNELL, 1933, pl. 31, figs. 67, 68

Diagnosis: The Pa elements of Adetognathodus lautus form an asymmetric pair, with the
dextral element bearing a large cusp where the blade attaches to the rostral margin. The
short fixed blade consists of only one or two highly reduced denticles.

Description: Pa element shows very little longitudinal arching and has a caudal
curvature. Raised platform margins are ornamented by short transverse ridges that
intersect with the deep medial trough that splits the platform. The platform margins
decrease in elevation from the ventral to the dorsal end of the element. The free blade is
relatively short and joins with either the caudal or rostral margin. Dextral elements bear a
large, dorsally-curved cusp where the free blade attaches to the rostral margin. In sinistral
elements there is no enlarged cusp.

Remarks: Some developmental variation in Adetognathodus lautus may be recognized
in large samples. The most mature specimens have a dorsal platform extension in which

the medial trough gradually changes to a flat, slightly grooved platform. Dorsal
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transverse ridges may become disrupted and form a series of aligned node rows in mature
specimens.

Adetognathodus lautus is generally more sinuous in shape than other species of
Adetognathodus (Lane, 1967). Adetognathodus lautus can be differentiated from
specimens of A. unicornis by the presence of a very short fixed blade in A. lautus. Pb, S,
and M elements for A. lautus are poorly described.

Material Examined: Illustrated specimens TTUO05/81 from the South Sasakwa section
and TTUO05/82 from the Glenpool Type section. Twenty-five specimens were recovered
from the South Sasakwa section, eleven specimens from the Glenpool Type section, and
four specimens from the Lost Branch Type section.

Occurrence: Adetognathodus lautus was recovered from the Homer School Limestone,
the Nuyaka Creek Shale, and the Upper Holdenville Shale (lower outside and offshore
facies).
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Family IDIOGNATHODONTIDAE Harris & Hollingsworth, 1933

Genus IDIOGNATHODUS Gunnel, 1931

(Type- Idiognathodus claviformis, Gunnell, 1931)

Diagnosis: Subsymmetrical carminiscaphate Pa element consisting of a flat platform
bearing transverse ridges. The ventral platform has both rostral and caudal accessory
lobes ornamented by discrete hemispherical nodes.

Description: The presence of highly ornamented ventral platform surfaces is common to
the Pa element of Idiognathodus. The oral surface of the platform is decorated with
numerous hemispherical nodes that concentrate on the robust accessory lobes. The central
platform is ornamented by adcarinal ridges and the medial carina which form rows of
fused and reduced node-like denticles. The aboral surface of the Pa element is dominated
by a large basal cavity that flares to its widest at the ventral platform margin and tapers to
a point at the dorsal end of the platform.

The Pb element of Idiognathodus has a high cusp with long ventral and dorsal
processes (Fig. 34.1). The dorsal process is the longer of the two. Process denticles are
mixed with both large and small denticles. The arched processes twist away from the
cusp so that the dorsal process curves out and the ventral process curves in (Lambert et
al. 2003). Two species of Idiognathodus were recovered from the Lost Branch, but only
one form of the Pb element was recovered. Assignment of the Pb element to one species
or another cannot be done with confidence. S and M elements are typical of the group
Ozarkodinida. They cannot be distinguished from other Ozarkodinida with any degree of
reliability due to the high degree of fragmentation.

Remarks: The Pa element of Idiognathodus differs from the similar genera of Swadelina
and Streptognathodus because of the lack of a medial trough, or groove, on the platform
of the element. Pa elements of Idiognathodus do show a medial groove in juvenile forms,

but this groove fills with ontogeny.
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IDIOGNATHODUS EXPANSUS Stauffer & Plummer, 1932

Figures 34.2-34.18

Idiognathodus expansus STAUFFER & PLUMMER, 1932, p. 197, pl. 1V, figs. 1, 3;
Barrick & Walsh, 1999, p. 150, figs. 2.2, 2.3 (re-illustrated cotypes); Stevens et al.,
2001, p. 118, figs. 13.16, 13.17; Ritter, et al., 2002, p. 506, figs. 7.3, 7.7, 7.12, 7.14,
7.16, p. 508, figs. 8.9, 8.22, 8.23; Lambert et al., 2003, pl. 1, figs. 1, 3, 5; Barrick et
al., 2004, p. 239, pl. 3, fig. 4

Idiognathodus antiquus STAUFFER & PLUMMER, 1932, p. 197, pl. IV fig. 17; Barrick
& Boardman, 1989, p. 185, pl. 1, fig. 20; Barrick & Walsh, 1999, p. 150, fig. 2.4 (re-
illustrated holotype).

Idiognathodus delicatus GUNNEL, 1931. Barrick & Boardman, 1989, p. 185, pl. 1, fig.
21.

Diagnosis: Carminiscaphate Pa element with a weakly developed rostral accessory lobe.

The rostral accessory lobe is restricted to the ventral 1/4 of the platform by the ventral-

most transverse ridge of the dorsal platform.

Description: The Pa element is generally flat. In most cases the free blade is equal in

length to the length of the platform. The general shape of the platform is triangular with a

rounded dorsal tip. The dorsal sloped platform is curved in the caudal direction and lined

with six to ten transverse ridges that intersect at an oblique angle with the terminations of

the adcarinal ridges and medial carina. The ventral flat platform is highly ornamented by

the adcarinal ridges and medial carina. The surface area of the platform is expanded by

the development accessory lobes decorated by nodes. The medial carina and adcarinal

ridges extend 1/4 to 1/3 the length of the platform in the dorsal direction and are

terminated by the ventral transverse ridge of the sloped platform. The rostral adcarinal

ridge is shorter and less flaring than the caudal adcarinal ridge. Each ridge is offset the

same distance from the separating medial carina. The caudal accessory lobe is the most

developed, acting as a caudal extension of the platform. The surface of the lobe is

covered with discrete hemispherical nodes oriented along the curvature of the caudal
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element margin. Development of the rostral lobe in the dorsal direction is restricted by
the ventral-most transverse ridge.

Remarks: Juvenile forms of Idiognathodus expansus show only a caudal accessory lobe.
The medial carina in juvenile specimens will commonly extend further than 1/2 the
length platform. Transverse ridges are clearly defined but less in number. Some juvenile
forms show a slight marginal groove that is lost with development.

In the Nuyaka Creek Shale slightly grooved morphotypes of Idiognathodus
expansus are present. The grooved morphotypes are characterized by the development of
a marginal groove that is common in Missourian forms of Idiognathodus (Heckel et al.,
2002). Two grooved forms are observed. The first form is a crenulated groove (Figs.
34.14, 34.16). Crenulation is the ventral deflection of more than half of the transverse
ridges. The apex of the crenulation is aligned with deepest portion of the adcarinal
groove. The second form is a sinuous marginal groove (Figs. 34.17, 34.18). In this form,
a groove is expressed by the truncation of the transverse ridges along the caudal margin.

Other common species of Idiognathodus can be differentiated from I. expansus
based on the restricted rostral lobe. Specimens of I. delicatus, I. sagittalis, 1.
trigonolobatus, and I. species A all have greater development of the rostral lobe than
found in I. expansus. The rostral lobes of these species extend further in the dorsal
direction (beyond the ventral-most transverse ridge) and have more ornamented surface
area.

Material Examined: Illustrated specimens TTU05/03, TTU05/04, TTUO05/05, TTUO5/06,
TTUO05/07, TTU05/08, TTUO5/09, TTUO5/10, TTUO05/11, TTU05/12, TTUO5/13,
TTUO05/14, TTU05/15, TTUO5/16, TTUO05/17, and TTU05/18 from the South Sasakwa
section. 1453 specimens were recovered from the South Sasakwa section, 347 from the
Little River section, 11 specimens from the Glenpool Type section, and 15 specimens
from the Lost Branch Type section.

Occurrence: ldiognathodus expansus was recovered from the Nuyaka Creek Shale, the
Upper Holdenville Shale (offshore and upper outside facies), and the Glenpool

Limestone.

82



IDIOGNATHODUS new species A
Figures 35.1-35.9
Idiognathodus species 1 SWADE, 1985, p. 55, figs. 18.4, 18.5, 18.10, 18.11
? Idiognathodus delicatus GUNNELL, 1931; Stauffer and Plummer, 1932, p.197, pl. 4,
fig. 4.
Diagnosis: Carminiscaphate Pa element with a dorsally elongate, well developed rostral
accessory lobe. Pa element has a high length to width ratio with a rounded, protruding
caudal accessory lobe.
Description: The Pa element is longitudinally arched and transversely flat. Adcarinal
ridges are equal in length to the medial carina, extending 1/4 to 1/3 the length of the
platform. Adcarinal ridges form a short, slightly flared collar around the dorsal blade. The
constriction of the adcarinal ridges around the medial carina is tight, leaving a very
shallow adcarinal groove that in most cases is the same elevation of the surrounding
platform. Accessory lobes develop on both sides of the platform. The caudal lobe shows
the most development in the rostrocaudal direction. The dorsoventral extent of the caudal
lobe is typically 1/2 the length of the platform with rostrocaudal extent reaching nearly
the same length. The caudal lobe is a protruding, slightly triangular form, decorated with
discrete nodes aligned with the curvature of the caudal adcarinal ridge. The rostral
accessory lobe is elongate with the rostrocaudal extent of the lobe reaching a maximum
of half the dorsoventral dimension. In mature specimens the rostral lobe is ornamented
with two to three rows of discrete, hemispherical nodes. The dorsal platform is crossed by
five to seven transverse ridges that are deflected in the ventral direction or disrupted in
alignment with the caudal adcarinal groove.
Remarks: Juvenile Pa elements have adcarinal ridges more characteristic of Early
Missourian Idiognathodus than of Desmoinesian specimens. The adcarinal ridges are
higher in elevation and more flaring in juvenile specimens than in adult specimens. The
platform is more trough shaped in the juveniles and the transverse ridges commonly show

a medial nodosity. These characteristics reduce through development but give even the
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mature specimens a look of Early Missourian Idiognathodus rather than Late
Desmoinesian Idiognathodus.

Idiognathodus species A is most similar to the Eurasian conodont 1. sagittalis
(Fig. 18.4). The long, sinuous rostral lobe, strong development of the caudal lobe, and
higher elevation adcarinal ridges make the two species appear superficially similar. The
two species differ as | sagittalis has a strong rostrocaudal change in elevation that is not
present in I. species A. The lowest elevation of the oral surface on I. sagittalis is the
rostral accessory lobe. Elevation on elements of I. sagittalis increases from the rostral
accessory lobe to the caudal accessory lobe. Dextral elements of I. sagittalis have medial
nodosity and sinistral elements have a medial groove. The flat nature of I. species A and
its lack of asymmetric Pa element pairs can be used to distinguish these conodonts.
Idiognathodus species A can be distinguished from I. trigonolobatus (Figs. 18.1, 18.2) by
its lack of a triangle-shaped caudal lobe and the lack of a central platform depression.
Idiognathodus species A can be distinguished from I. expansus because of its expanded
rostral lobe. Idiognathodus species A can be distinguished from I. delicatus (the most
similar Midcontinent species) by its high length-to-width ratio and its lack of triangular
element shape.

The rostral lobe variation of the Pa element was first recognized by Swade (1985)
in his description and illustration of Idiognathodus species 1. Swade referred this species
to I. delicatus. One of Swade’s samples was from the Upper Holdenville Shale below the
Cooper Creek Limestone. The specimens illustrated from this interval and the Lake
Neosho Shale below are actually I. species A. The intervals below the Lake Neosho Shale
are true I. delicatus. Figure 32 shows the comparison between I. species A and Swade’s I.

species 1.

Material Examined: Illustrated specimens TTU05/19, TTUO05/20, TTU05/21,
TTUO05/22, TTUO05/23, TTU05/24, TTUO5/25, TTU05/26, and TTU05/27 from the South
Sasakwa section. 287 specimens were recovered from the South Sasakwa section, 75

from the Little River section, and 11 specimens from the Glenpool Type section.
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Occurrence: ldiognathodus species A was recovered from the Homer School Limestone,
the Nuyaka Creek Shale, the Upper Holdenville shale (lower outside, offshore, and upper

outside facies), and the Glenpool Limestone.

Genus SWADELINA Lambert, Heckel & Barrick, 2003

(Type- Streptognathodus nodocarinatus, Jones, 1941)

Diagnosis: Carminiscaphate Pa element with a deep medial trough and short medial
carina. The medial groove bisects the transverse ridges ornamenting the platform.
Description: The Pa element is bisected by a deep medial trough. The short medial
carina is constricted by short adcarinal ridges. Ornamentation of the accessory lobes
consists of poorly developed nodes and bars giving the lobes a chaotic and poorly defined
appearance. The caudal accessory lobe protrudes to the extreme dorsal end of the
platform causing a ventrally weighted Pa element outline.

Pb elements of Swadelina have a reduced cusp and reduced dorsal process (Fig.
35.11), when compared to the Pb element of Idiognathodus. Pb elements of Swadelina
show less arching and less twisting than Pb elements of Idiognathodus. S and M elements
cannot be reliably distinguished from other ozarkodinid genera (Lambert et al., 2003).
Remarks: Swadelina is thought to represent the first derivation of Idiognathodus to have
a medial trough. Swadelina is the only troughed idiognathodid from the Middle
Pennsylvanian (Lambert et al., 2003).
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SWADELINA NODOCARINATA (Jones, 1941)
Figures 35.10, 35.12-35.17
Streptognathodus nodocarinatus JONES, 1941, p. 38, pl. 3, fig. 2; Barrick and Lambert,
1999, p. 165, fig. 2:2 (re-illustrated).
Swadelina nodocarinata JONES, 1941; Lambert, Heckel, & Barrick, 2003, p.155, pl. 1,
figs. 2, 4,7, 8, 12, 13, 16-19; Barrick et al., 2004, p. 239, pl. 3, figs. 1, 2.
Streptognathodus obliquicostatus JONES, 1941, p. 39, pl. 3, fig.7; Barrick and Lambert,
1999, p. 165, fig. 2:1 (re-illustrated).
Streptognathodus excelsus var. rectus JONES, 1941, p. 39, pl. 3, fig. 3.
? Streptognathodus equalis JONES, 1941, p. 38 pl. 3, fig. 1
Streptognathodus excelsus STAUFFER & PLUMMER, 1932; Merrill, 1975, figs. 14.19-
14.21; Barrick and Lambert, 1999, p. 165, fig. 2:3 (re-illustrated); ? Barskov and
Alekseev, 1979, pl. 10, figs. 25-28.
? Streptognathodus cancellosus GUNNELL, 1933; Merrill, 1975, fig. 14.18.
Idiognathodus sp. 6 SWADE, 1985, p. 62, figs. 18.6, 18.7.
Idiognathodus-Streptognathodus plexus MERRILL et al., 1987, pl. 2, figs. 8, 11, 12, 42,
45.
Idiognathodus claviformis GUNNELL, 1931; Grayson et al., 1989, pl. 2, figs. 26, 30, 33.
Idiognathodus concinnus KOSENKO, 1975; Barrick and Boardman, 1989, p. 185, pl. 1,
fig. 22.
Idiognathodus nodocarinatus JONES, 1941; Stevens et al., p. 118, figs. 13.7-13.9, 13.13,
13.14; Ritter et al., 2002, p. 508, figs. 8.14, 8.18.
Diagnosis: Carminiscaphate Pa element with a troughed platform ornamented by
transverse ridges bisected and offset by the trough. Caudal and rostral accessory lobes
are well developed.
Description: Pa elements of Swadelina nodocarinata are straight with a slight curve
evident in the ventral portion of the blade. The platform has a raised margin separating
the ornamented platform from the well developed accessory lobes. The platform is

constricted by the adcarinal ridges along the ventral margins of the element. The ridged
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platform is bisected by a deep groove. Transverse ridges are disrupted by the groove and
are either ventrally deflected or offset at the groove. The platform will have between
seven and ten transverse ridges and tapers to a rounded dorsal tip. The caudal accessory
lobe is the most developed and protrudes a significant distance from the platform.
Ornamentation on the caudal lobe is a series of weakly fused nodes that are joined to
form scalloped ridges. Less commonly the ornamentation will appear as discrete nodes.
The rostral accessory lobe runs 1/2 the length of the platform. Ornamentation is restricted
to the ventral portion of the lobe and is typically formed of discrete nodes, less commonly
as fused ridges. Adcarinal ridges extend only a short distance from the platform. A high
collar is formed around the dorsal blade by the adcarinal ridges. The caudal adcarinal
ridge is the longest and develops a slight flare away from the blade.

Remarks: Juvenile specimens of Swadelina nodocarinata can be recognized by their
distinct grooved platform and short medial carina. Juvenile species of Idiognathodus do
show a grooved platform, but have longer carina more similar to Streptognathodus than
Swadelina.

Two morphotypes of Swadelina nodocarinata are found in the deepest portion of
the Nuyaka Creek Shale. Two distinct morphological changes can occur independently or
in concert. The first morphological change is a rounding and shortening of the platform.
The platform length reduces and develops a more rounded shape giving the ridged
platform a more “oval” appearance than in the common specimens of Sw. nodocarinata
(Fig. 35.17). The second morphological change is the transformation of transverse ridges
into rows of aligned, rostrocaudally-elongate nodes (Fig. 35.15). Both morphological
changes can occur on the same element (Fig. 35.17).

Pb elements of Swadelina nodocarinata are the characteristic Pb elements for the
genus. Swadelina is so closely related to Idiognathodus and Streptognathodus that it is
near impossible to differentiate between the S and M elements. (Lambert et al., 2003).
The fragmented nature of the S and M elements in the Lost Branch collections did not

allow for any differentiation of these elements.
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Swadelina nodocarinata can be distinguished from Sw. neoshoensis in two ways.
In general the platform of Sw. neoshoensis is more “U-shaped” than the platform of Sw.
nodocarinata. Swadelina nodocarinata has greater development of the accessory lobes
than Sw. neoshoensis (Lambert et al., 2003).
Material Examined: Illustrated specimens TTU05/31, TTUQ5/32, TTU05/33, and
TTUO05/35 from the South Sasakwa section, and TTU05/28 and TTUOQ5/34 Lost Branch
sections. 357 specimens were recovered from the South Sasakwa section, 63 specimens
from the Little River section, 1 specimen from the Glenpool Type section, and 56
specimens from the Lost Branch Type section.
Occurrence: Swadelina nodocarinata was recovered from the Nuyaka Creek Shale and

the Upper Holdenville Shale (offshore facies only).

Genus NEOGNATHODUS Dunn, 1970

(Type- Polygnathus bassleri, Harris & Hollingsworth, 1933)

Diagnosis: Carminiscaphate Pa element having a reduced platform, consisting of a high
elevation medial carina and flanking parapets. The blade is greater than twice the length
of the platform.

Description: The Pa element platform can have as many as two parapets and as few as
none. The medial carina is a row of fused denticles. The parapets range from steep
margins with transverse ridges to rows of discrete nodes.

The Pb-element of Neognathodus (Figs. 36.1, 36.2) is smaller than the other Pb-
elements found in the Lost Branch Formation. The dorsal and ventral processes are
similar in length. The process denticles are fewer in number than in specimens of
Idiognathodus and Swadelina and more triangular in shape (Merrill & von Bitter, 1977).
The process denticles are steeply inclined toward the ventral process. The cusp of the
element is distinctively larger than the process denticles, but similar in shape. The basal

cavity is narrow and long (Lambert et al., 2003).
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Remarks: Only one Pb element for Neognathodus was recovered from the Lost Branch
samples. Despite the presence of three species of Neognathodus in the collection,
variation of the neognathodid Pb elements is not sufficient to place a species designation.
Ozarkodinid S and M elements of the Lost Branch collection were fragmented and not
diagnostic of genus or species in most cases.

Three distinct juvenile specimens of Pa elements were recovered from the Lost
Branch Formation. Two of the juvenile specimens are represented by multiple adult
morphotypes. Species assignment in Neognathodus was based on the assumption that the
three juvenile types represented species level variation. The adult morphotypes occur in
large enough numbers that these morphotypes were used as the basis for the assignment
of subspecies.

The issue of nomenclature in the genus Neognathodus is noteworthy, as various
conodont workers understand the issue in different ways. At the center of this discussion
is the work of Jones (1941). The publication of his dissertation has resulted in competing
terminologies for conodonts within the genus. Merrill and von Bitter (1977) argued that
while Jones met the requirement of publication (through the University of Chicago), the
distribution of the publication did not reach a level acceptable for taxonomic validity.
Barrick and Lambert (1999) argued that distribution did reach acceptable levels. The
publication requirement for dissertations at the University of Chicago was that 100 copies
be deposited in libraries (Barrick & Lambert, 1999). Barrick and Lambert (1999)
performed an online search and found that copies of the dissertation were available from
at least 19 U.S. libraries and 2 European libraries. In addition, the dissertation can be
received through interlibrary loan from at least 13 libraries. The author of this thesis
agrees with the arguments of Barrick and Lambert, the work of Jones (1941) is valid.

Barrick and Lambert (1999) suggested that the generic name proposed by Jones
(1941) of Bicarinodus, for terminal species of Neognathodus, be suppressed and become
junior synonym for Neognathodus for ease of communication. A recollection of the
Nuyaka Creek shale from near Collinsville Locality 2 of Jones (1941) by J. E. Barrick

was examined to aid in comparison between the species of the Lost Branch collections
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and the work of Jones (1941). Figure 33 shows the characteristic fauna of Collinsville
Locality 2 as recollected by J. E. Barrick in 1990.

One species name from Jones (1941) was resurrected as a subspecies, and one
species name was resurrected as a species in this study. The variation described and
named by Jones (1941) takes priority over the names proposed by Merrill (1972, 1975) in
the case of terminal species of Neognathodus. In some cases Merrill’s names are valid for

older specimens of Neognathodus (see remarks for each species of Neognathodus).

NEOGNATHODUS DILATUS DILATUS Stauffer & Plummer, 1932

Figures 36.10-36.17

Gnathodus dilatus STAUFFER & PLUMMER, 1932, p. 197, pl. 1V, figs. 10, 11,13, 14

Neognathodus dilatus STAUFFER & PLUMMER, 1932; Merrill and King, 1971, pl. 76,
fig. 1; Merrill, 1972, pl. 2, figs. 3-10; Swade, 1985, p. 55, figs. 18.15, 18.23, 18.49;
Brown et al., 1991, p. 955, figs. 6.24-6.27; Merrill, 1999, pg. 469, text fig. 1.

Neognathodus metanodosus MERRILL, 1975, p. 722, fig. 1C; Brown et al., 1991, p. 955,
fig. 6.23; Barrick & Lambert, 1999, p. 166, figs. 3.2, 3.4, 3.5.

Bicarinodus oherni JONES, 1941, p. 53, pl. Ill, fig. 8; Barrick and Lambert, 1999, p. 166,
figs. 3.2, 3.4, 3.5 (lectotypes).

Diagnosis: Pa element with a high blade-like carina and reduced platform. The carina is

flanked by a single, complete parapet that intersects the dorsal end of the carina.

Description: The high carina of the Pa element of Neognathodus dilatus dilatus forms

the rostral margin of the platform. The carina extends to the dorsal most tip of the

element. Protrusion of the basal cavity gives some specimens the appearance of having a

“phantom” parapet on the rostral side, but there is no ornamentation at any stage of

development. The caudal parapet is complete intersecting with the carina at the dorsal tip

of the platform. The parapet consists of 6 to 10 fused nodes. The ventral end of the caudal

parapet is a marked by a single node that is larger than the other nodes on the parapet.

Remarks: Juvenile specimens of the species Neognathodus dilatus cannot be

distinguished at the subspecies level. Juvenile specimens of N. dilatus have a single
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flanking parapet that is separated from the medial carina by a dorsal gap (Figs. 36.18,
36.19). Specimens of N. dilatus dilatus fill in the gap with ontogeny; specimens of N.
dilatus bifurcatus retain the gap. Neognathodus dilatus dilatus can be distinguished from
specimens of N. expansus expansus, N. expansus subspecies B and N. roundyi by the lack
of a rostral parapet.

The species Neognathodus dilatus as described by Stauffer and Plummer (1932)
is characterized by a single parapet. This includes all specimens regardless of the
completeness of the parapet. Jones (1941) observed that there were two different
variations of the single parapet. The parapet of Bicarinodus oherni is complete, the
parapet of Bicarinodus bifurcatus is incomplete and intersects with the carina prior its
dorsal end. The species name established by Stauffer and Plummer, 1932, has priority
over the Jones (1941) species of B. oherni. Bicarinodus oherni is a junior synonym for
Neognathodus dilatus dilatus.

Material Examined: Illustrated specimens TTUO05/45, TTU05/47, TTUO05/48,
TTUO05/49, TTU05/50, TTUO5/52, TTUO05/53, and TTU05/54 from the South Sasakwa
section, and TTU05/46 and TTUO05/51 from the Little River section. 177 specimens were
recovered from the South Sasakwa section, 15 specimens from the Little River section,
and 3 specimens from the Lost Branch Type section.

Occurrence: Neognathodus dilatus dilatus was recovered from the Homer School
Limestone, the Nuyaka Creek Shale, the Upper Holdenville Shale (offshore facies only),

and the Glenpool Limestone.
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NEOGNATHODUS DILATUS BIFURCATUS (Jones, 1941)

Figures 36.21-36.26

Bicarinodus bifurcatus JONES, 1941, p. 53, pl. I11, fig. 10; Barrick and Lambert, 1999, p.
166, fig. 3.3 (re-illustrated holotype).

Neognathodus polynodosus MERRILL, 1975, p. 722, fig. 1D; Swade, 1985, p. 55, figs.
18.14, 18.41; Ritter et al., 2002, p. 508, fig. 8.4.

Neognathodus oligonodosus MERRILL, 1975, p. 722, fig. 1E; Merrill, 1999, p. 469, text
fig. 1.

Neognathodus anodosus MERRILL, 1975, p. 722, fig. 1F.

Diagnosis: Pa element with a caudal parapet that intersects with the carina prior to the

dorsal terminus of the element. The caudal parapet forms a ventral bulge of the platform.

Description: The caudal parapet of the Pa element shows great variation in specimens

where the caudal parapet intersects with the carina prior to the dorsal terminus. Parapets

have between 2 and 6 nodes. The intersection of the caudal parapet prior to the dorsal end

of the element gives the dorsal carina a “tail-like” appearance. Specimens of N. dilatus

bifurcatus have a “P-shaped” platform. The caudal parapet forms a ventral bulge that

extends dorsally to its medial intersection with the carina.

Remarks: The retention of the incomplete parapet in juvenile specimens of

Neognathodus dilatus is the defining characteristic for N. dilatus bifurcatus.

Neognathodus dilatus bifurcatus can be distinguished from specimens of N. expansus

expansus, N. expansus subspecies B and N. roundyi by the lack of a rostral platform.

Neognathodus dilatus bifurcatus (Jones, 1941) is described as having a blade-like

carina that “is bifurcated into two branches” at the dorsal end of the platform. In terminal

neognathodids the name bifurcatus has priority over other names. If future work shows

that this is an independent species of Neognathodus, the name bifurcatus has priority and

should be used.

Material Examined: Illustrated specimens TTUO05/56, TTU05/57, TTUO05/58, TTU05/59,

TTUO05/60, and TTUO05/61 from the South Sasakwa section. 56 specimens were
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recovered from the South Sasakwa section, and 1 specimen from the Lost Branch Type
section.
Occurrence: Neognathodus dilatus bifurcatus was recovered in the Nuyaka Creek Shale,

the Upper Holdenville Shale (offshore facies only), and the Glenpool limestone.

NEOGNATHODUS EXPANSUS EXPANSUS (Jones, 1941)

Figures 36.27, 36.31-36.35

Bicarinodus expansus Jones, 1941, p. 53, pl. 111, fig. 9; Barrick and Lambert, 1999, p.
166, fig. 3.1 (re-illustrated holotype).

Neognathodus medexultimus Merrill, 1972; Ritter et al., 2002, p. 508, figs. 8.1, 8.5-8.7;
Stevens et al., 2001, p. 118, fig. 13.4.

Diagnosis: Pa element with two flanking parapets. The rostral parapet is split into a

ventral segment ornamented with two or more fused nodes, and a dorsal segment

ornamented by one or two weakly defined nodes.

Description: Asymmetric Pa element with two flanking parapets of unequal

development. The most developed parapet is the caudal parapet that runs from the dorsal

tip of the platform to a point on the ventral platform marked by a node or ridge larger

than the others in the parapet. The caudal parapet is a fused series of transverse ridges.

The rostral parapet develops in close proximity to the medial carina and runs sub-parallel

with the medial carina until intersecting at the dorsal tip of the platform. The rostral

parapet is made up poorly defined fused nodes. The dorsal tip of the platform marks the

intersection of both flanking parapets with the medial carina.

Remarks: The asymmetric Pa elements of Neognathodus are a source of contention in

taxonomic work. The terminal, asymmetric neognathodids described in this study differ

from similar older specimens. The triangular platform and nodose nature of rostral

parapet of N. expansus expansus distinguishes it from the specimens of N. asymmetricus

and N. colombiensis of Stibane (1967), and a majority of the specimens of N.

medadultimus and N. medexultimus of Merrill (1972). Bicarinodus expansus, established
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by Jones (1941), has priority and will be used for this species. Neognathodus expansus
resembles variation that has been described by others as species characteristics.

The holotype of Bicarinodus expansus (Jones, 1941) is a juvenile specimen. The
juvenile of Neognathodus expansus (Fig. 36.30) has a complete caudal parapet and a
dorsal node of the rostral parapet present as a rostral projection from the medial carina.
The dorsal-rostral node is below the gap diagnostic of the subspecies N. expansus
expansus. Adult specimens lacking the gap in the rostral parapet belong to the subspecies
N. expansus subspecies B. Neognathodus expansus expansus can be distinguished from
N. dilatus dilatus and N. dilatus bifurcatus by its characteristic discontinuous rostral
parapet. Neognathodus roundyi can be distinguished from N. expansus expansus by the
presence of on a single node on its rostral parapet.

Material Examined: Illustrated specimens TTU05/66, TTU05/67, TTUO05/68, TTU05/69,
and TTUOQ5/70 from the South Sasakwa section, and TTUQ5/62 from the Little River
section. 64 specimens were recovered from the South Sasakwa section, 6 specimens from
the Little River section, and 1 specimen from the Lost Branch Type section.

Occurrence: Neognathodus expansus expansus was recovered from the Homer School
Limestone, the Nuyaka Creek Shale, the Upper Holdenville Shale (offshore facies only),
and the Glenpool Limestone.

NEOGNATHODUS EXPANSUS new subspecies B

Figures 36.20, 36.28, 36.29

Neognathodus medadultimus Merrill, 1972; Stevens et al., 2001, p. 118 fig. 13.3.

Neognathodus bassleri bassleri Harris and Hollingsworth, 1933; Ritter et al., 2002, p.
508, fig. 8.3.

Diagnosis: Pa element with two flanking parapets. Both parapets are continuous and

undisrupted. The caudal parapet shows greater development than the rostral parapet.

Description: The triangular platform of Neognathodus expansus subspecies B is defined

by the two flanking parapets that intersect with the medial carina at the dorsal tip. The

rostral parapet is closer to the medial carina than the caudal parapet. The rostral parapet is
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ornamented by poorly defined or fused nodes, and is shorter than the caudal parapet. The
caudal parapet is composed of a series of fused transverse ridges.

Remarks: The loss of the gap in the rostral parapet of juvenile specimens of
Neognathodus expansus is the defining characteristic of the subspecies N. expansus
subspecies B. Neognathodus expansus subspecies B can be distinguished from N. dilatus
dilatus, N. dilatus bifurcatus, and N. roundyi by its complete rostral parapet.

Material Examined: Illustrated specimens TTUO05/55, TTU05/63, and TTU05/64 from
the Little River section. 59 specimens were recovered from the South Sasakwa section, 5
from the Little River section, 2 specimens from the Glenpool Type section, and 1
specimen from the Lost Branch Type section.

Occurrence: Neognathodus expansus subspecies B was recovered from the Nuyaka
Creek Shale, the Upper Holdenville Shale (offshore facies only), and the Glenpool

Limestone.

NEOGNATHODUS ROUNDY I (Gunnell, 1931)

Figures 36.4 — 36.9

Gnathodus roundyi Gunnell, 1931, p.250, pl. 29, figs. 19, 20.

Neognathodus roundyi Gunnell, 1931; Barrick et al., 2004, p. 235, pl. 1, fig. 3, 6; Ritter et
al., 2002, p. 503, fig. 6.4; Brown el al., 1991, p. 954, figs. 6.28, 6.32-6.34; Swade,
1985, p. 55, figs. 18.8, 18.16, 18.24, 18.42, 18.50; Merrill, 1972, pl. 2, figs. 11-16;
Merrill and King, 1971, pl. 76, figs. 2-4.

Diagnosis: Pa element with two flanking parapets. The rostral parapet is ornamented by

a single node located on the ventral 1/2 of the parapet.

Description: The caudal parapet is well developed consisting of 4 to 6 well-fused nodes

or transverse ridges that extend into the deep caudal groove adjacent to the medial carina.

The caudal margin forms a high elevation parapet that is 3/4 the length of the platform

and intersects with the medial carina at the dorsal tip of the element. The rostral parapet

consists only of a single, discrete node on the ventral 1/2 of the platform. The remainder

of the rostral parapet is smooth and unornamented.
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Remarks: The juvenile of this species is a smaller version of the adult. Juvenile
specimens show a rostral parapet ornamented by a single ventral node. Neognathodus
roundyi can be distinguished from all other species of Neognathodus using its
characteristic single rostral node.

Material Examined: Illustrated specimens TTUO05/39, TTUO05/40, TTU05/41, TTUQ5/42,
TTUO05/43, and TTUOQ5/44 from the South Sasakwa section. 35 specimens were
recovered from the South Sasakwa section, 4 specimens from the Little River section,
and 2 specimens from the Lost Branch Type section.

Occurrence: Neognathodus roundyi was recovered from the Nuyaka Creek Black Shale
Bed, the Upper Holdenville Shale (offshore facies only) and the Glenpool Limestone.
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Order PRIONIODONTIDA Dzik, 1976

Family GONDOLELLIDAE Lindstrém, 1970

Genus GONDOLELLA Stauffer & Plummer, 1932

(Type-Gondolella elegantula, Stauffer and Plummer, 1932)

Diagnosis: Segminoplanate Pa element with a free blade. The cusp is located directly
over the basal cavity. The medial carina of the element may or may not be surrounded by
a platform.

Description: Pb elements of Gondolella are characterized by a reduced ventral bar, and a
dorsal orientation of the basal cavity. The aboral surface of the Pb element is marked by
an oval-shaped basal cavity centered beneath the cusp. The basal cavity extends the
length of the element as a groove to the dorsal end (von Bitter, 1976). S and M elements
are highly arched with a flare of the basal cavity to the caudal side (von Bitter, 1976), and

cannot be separated morphologically between most species (von Bitter & Merrill, 1980).

GONDOLELLA DENUDA Ellison, 1941

Figures 37.5-37.8

Gondolella denuda ELLISON, 1941, pl. 20, fig. 54, pl. 21, figs. 1, 2, 36.

Diagnosis: Pa element lacking a platform. Pa element consists of a carina with long,
discrete denticles that emanates from a dorsal cusp.

Description: The cusp of the Pa element directly overlies the basal cavity which forms
the dominant lateral structure of the element. The basal cavity is wide and has an equal
length to width ratio. The keel is expressed on the aboral side of the element process and
appears as two thick portions of the element split by a medial line. The ventral process of
the Pa element is extremely reduced, and may have up to three denticles to the ventral
side of the enlarged cusp.

Remarks: Gondolella denuda is the only naked species of Gondolella with long, discrete
denticles on the Pa element. Differentiating the Pa element of G. denuda from the Pb-
elements of G. magna can be achieved using the character of the denticles. Pa element

denticles of G. denuda are long and discrete. Pb element denticles of G. magna are
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shorter and oriented toward the ventral end of the element. The Pb element of G. denuda
is typical of the genus Gondolella but differs from most species of Gondolella in that the
process denticles are more discrete (von Bitter & Merrill, 1980).

Material Examined: Illustrated specimens TTUO05/75, TTUQ05/76, TTUO05/77, and
TTUO5/78 from the South Sasakwa section. 74 specimens were recovered from the South
Sasakwa section and 13 specimens from the Little River section.

Occurrence: Gondolella denuda was recovered from the Nuyaka Creek Shale.

GONDOLELLA MAGNA Stauffer & Plummer, 1932
Figures 37.1-37.4, 37.9, 37.10
Gondolella magna STAUFFER & PLUMMER, 1932, p. 195, pl. 3, figs. 6, 7, 10, 11.
Diagnosis: Pa element with crenulated margins reflecting the strong, closely-spaced
transverse ridges crossing the oral surface of the element.
Description: The most remarkable feature of Gondolella magna is the crenulated
margin of the Pa element. The crenulation is a result of the closely-packed, coarse
transverse ridges that extend to the platform margins. The crest of each transverse ridge
marks the maximum amplitude of the marginal crenulation. The transverse ridges are
truncated by the medial carina. The medial carina decreases in elevation to the dorsal end
of the element, and is marked by an enlarged cusp at the square ventral margin.
Remarks: Gondolella magna can be distinguished from other Pennsylvanian species of
Gondolella using several of its distinct characteristics. The square ventral margin of G.
magna distinguishes it from G. bella, G. curvata, and G. nankingensis. The shortened
nature of the free blade in G. magna distinguishes it from G. costata and G.
sublanceolata. The lack of a lobe-like ventral process distinguishes G. magna from G.
lobata (Clark & Mosher, 1966).

The Pb element of Gondolella magna has no platform (Fig. 37.4). The reduced
ventral process has two to three closely packed denticles. The denticles of the dorsal

process are slanted to the ventral end. Distinguishing the Pb element of G. magna from
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the Pa and Pb elements of G. denuda can be done by the lack of long, discrete denticles in
specimens of G. magna.

Material Examined: Illustrated specimens TTUOQ5/72 and TTUO05/73 from the South
Sasakwa section, and TTUO5/71, TTU05/79, and TTUO05/80 from the Lost Branch
section. 114 specimens were recovered from the South Sasakwa section, 5 specimens
from the Little River section, and 55 specimens from the Lost Branch Type section.

Occurrence: Gondolella magna was recovered from the Nuyaka Creek Shale.
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Family PRIONIODINIDAE Bassler, 1925

Genus IDIOPRIONIODUS Gunnell, 1933

(Type- Idioprioniodus typus, Gunnell, 1933)

Figures 37.17 -37.22

Diagnosis: A multi-element genus of conodonts consisting of large elements dominated
by robust cusps and process denticles.

Description: The elements are well described in Ellison (1941) and Baesemann (1973)
and no further revision is necessary. Following is a listing of the defining characteristics
for each element of the Idioprioniodus apparatus. The subacodus element has three
processes originating from the basal cavity. Each process has long pointed denticles and
at the intersection of the processes is the enlarged cusp (Baesemann, 1973). The
conjunctus element is a blade-like element with completely fused process denticles that
decrease in height to the ventral end of the element. There are four or more denticles per
element (Ellison, 1941). The typus element has a large cusp and is discriminated from
similar elements by its attachment of the ventral process at the extreme ventral end of the
basal cavity (Baesemann, 1973). The clarki element has a large cusp and a caudal
process. It lacks a ventral process (Baesemann, 1973). The lexingtonensis element has a
large cusp and a ventral process that attaches to the rostral side of the element
(Baesemann, 1973). The ponderosa element shows a strong caudal curvature of the
dorsal process that is not seen in similar specimens (Baesemann, 1973). The bidentatus
element has two large cusp-like denticles on the dorsal process of the element
distinguishing it from similar species (Ellison, 1941).

Remarks: The apparatus of Idioprioniodus conjunctus, as described by Merrill and
Merrill (1974), includes a single subacodus element, a pair of conjunctus elements, a pair
of typus elements, and a pair of bidentatus elements. The apparatus may be dimorphic
and is represented by the addition of another pair of typus elements and two pairs of
clarki elements in dimorph 1, and the addition of a pair of lexingtonensis elements and

two pairs of ponderosa elements in dimorph 2. The apparatus of Ip. typus, as described
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by Merrill and Merrill (1974), differs from Ip. conjunctus in that the bidentatus elements
have been lost to both dimorphs.

Using the bidentatus element to distinguish between specimens of Idioprioniodus
in disarticulated Desmoinesian samples is not an effective means of differentiation.
Specimens of the bidentatus element were recovered in the samples indicating the
presence of Ip. conjunctus. Merrill and Merrill (1974) stated that Ip. typus was present in
increasing numbers in the late Desmoinesian. Without natural assemblages the presence
or absence of Ip. typus cannot be determined. It is unclear from the analysis whether or
not Ip. typus is present in the Lost Branch Formation; however, it is known that at least
some specimens of Ip. conjunctus are present in the Lost Branch Formation.

Material Examined: Illustrated specimens TTU05/85, TTU05/86, TTU05/87, TTU05/88,
and TTUO05/89 from the South Sasakwa section. 205 specimens were recovered from the
South Sasakwa section, 51 specimens from the Little River section, 1 specimen from the
Glenpool Type section, and 28 specimens from the Lost Branch Type section.
Occurrence: Idioprioniodus was recovered from the Homer School Limestone, the
Nuyaka Creek Shale, the Upper Holdenville Shale (lower outside and offshore facies),

and the Glenpool Limestone.

101



Figure 34. Photomicrographs of Idiognathodus expansus from the Lost Branch
Formation. All specimens are shown at a magnification of 50X. Each specimen was
recovered from the South Sasakwa (SS) section in Seminole County, Oklahoma. 1.
Caudal view of Idiognathodus expansus Pa element (TTUO05/01 - SS11). 2. Common Pb
element of Idiognathodus (TTUO05/02 - SS9.1). 3. Juvenile Pa element of Idiognathodus
expansus (TTUO05/03 - SS10.1). 4-13, 15. Intermediate and mature Pa elements of
Idiognathodus expansus (TTUO05/04 — SS10.1, TTU05/05 — SS10, TTUO05/06 — SS11.1,
TTUO05/07 — SS210, TTU05/08 — SS10.1, TTUO05/09 — SS10, TTU05/10 — SS10,
TTUO05/11 — SS9.1, TTUO05/12 — SS10, TTU05/13 — SS15, TTUO05/15 — SS9.1). 14, 16.
Crenulated morphotype of Idiognathodus expansus Pa element (TTUQ05/14 — SS14,
TTUO05/16 — SS10.1). 17, 18. Grooved morphotype of Idiognathodus expansus Pa
element (TTUO5/17 — SS11, TTU05/18 — SS9.1).
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Figure 35. Photomicrographs of Idiognathodus species A and Swadelina nodocarinata
from the Lost Branch Formation. All specimens are shown at a magnification of 50X
unless otherwise noted. Specimens were recovered from the South Sasakwa section (SS)
in Seminole County, Oklahoma, and the Lost Branch Type section (LB) from Labette
County, Kansas. 1, 4-9. Intermediate and adult Pa elements of Idiognathodus species A
(TTUO05/19 — SS216, TTU05/22 — SS9, TTUO05/23 — SS8, TTUO5/24 — SS8, TTU05/25 —
SS9, TTU05/26 — SS9, TTU05/27 — SS11.1). 2, 3. Juvenile Pa elements of Idiognathodus
species A (TTUO05/20 — SS8, TTUO05/21 — SS9). 10, 13, 14, 16. Mature Pa elements of
Swadelina nodocarinata (TTU05/28 — LB4, TTU05/31 — SS9.1, TTU05/32 — SS10.1,
TTUO05/34 — LB2). 11. Pb-element of Swadelina nodocarinata (TTU05/29 — SS11). 12.
Lateral view of Swadelina nodocarinata Pa element (TTU05/30 — SS10). 15. Nodose
deep water morphotype of Swadelina nodocarinata Pa element (TTUOQ5/33 — SS9.1). 17.
Rounded deep morphotype of Swadelina nodocarinata Pa element (TTUO05/35 — SS11).
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Figure 36. Photomicrographs of Neognathodus from the Lost Branch Formation. All
specimens are shown at a magnification of 50X. Specimens were recovered from the
South Sasakwa section (SS) in Seminole County, Oklahoma, and the Little River section
(LR) in Seminole County, Oklahoma. 1, 2. Pb elements of Neognathodus (TTU05/36 —
SS14, TTUO05/37 — SS11.1). 3. Caudal view of N. dilatus bifurcatus Pa element
(TTUO05/38 — SS9.1). 4, 6-9. Mature Pa elements of Neognathodus roundyi (TTU05/39 —
SS10.1, TTUO5/41 — SS11.1, TTUO5/42 — SS14, TTUO05/43 — SS9.1, TTU05/44 —
SS13). 5. Juvenile Pa element of Neognathodus roundyi (TTU05/40 — SS10.1). 10-18. Pa
elements of Neognathodus dilatus dilatus (TTUOQ5/45 — SS9.1, TTU05/46 — LR101,
TTUO05/47 — SS11.1, TTU 05/48 — SS9.1, TTUO05/49 — SS10.1, TTUO5/50 — SS213,
TTUO05/51 — LR103, TTU05/53 — SS213, TTU05/53 — SS11). 19. Juvenile Pa element of
Neognathodus dilatus (TTUO05/54 — SS9). 20, 28, 29. Pa elements of Neognathodus
expansus subspecies B (TTUO05/55 — LR10, TTU05/63 — LR102, TTU05/64 — LR101).
21-26. Pa elements of Neognathodus dilatus bifurcatus (TTUO05/56 — SS10, TTU05/57 —
SS10, TTUO05/58 — SS10, TTU05/59 — SS10, TTU05/60 — SS10, TTU05/61 — SS10). 27,
31-35. Pa elements of Neognathodus expansus expansus (TTU05/62 — LR102, TTUO05/66
—SS11.1, TTUO5/67 — SS9, TTU05/68 — SS11.1, TTUO05/69 — SS11.1, TTUO5/70 —
SS8). 30. Juvenile Pa element of Neognathodus expansus (TTU05/65 — SS9).
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Figure 37: Photomicrographs of Gondolella, Adetognathodus, Hindeodus, and
Idioprioniodus from the Lost Branch Formation. All specimens are shown at a
magnification of 50X. Specimens were recovered from the South Sasakwa section (SS) in
Seminole County, Oklahoma; the Glenpool Type section (GP) in Tulsa County,
Oklahoma; and the Lost Branch Type section (LB) in Labette County, Kansas. 1-3, 9, 10.
Pa elements of Gondolella magna (TTUOQ5/71 — LB3, TTU05/72 — SS10, TTUO05/73 —
SS10, TTUO5/79 — LB3, TTU05/80 — LB3). 4. Pb-element of Gondolella magna
(TTUO05/74 — SS9.1). 5-8. Pa elements of Gondolella denuda (TTUO05/75 — SS10.1,
TTUO05/76 — SS10.1, TTUO5/77 — SS10.1, TTU05/78 — SS11.1). 11, 14. Sinistral Pa
element of Adetognathodus lautus (TTUOQ5/81 — SS13). 12, 13. Dextral Pa element of
Adetognathodus lautus (TTU05/82 — GP1). 15, 16. Pa element of Hindeodus minutus
(TTUO05/83 — SS7). 17. clarki element of Idioprioniodus (TTUQ05/85 — SS13). 18-20.
typus element of Idioprioniodus (TTU05/86 — SS13, TTU05/87 — SS10.1, TTUO05/88 —
SS7). 21. lexingtonensis element of Idioprioniodus (TTUO05/89 — SS10.1).
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