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CONODONTS AND CONODONT
BIOSTRATIGRAPHY OF THE McLISH
AND TULIP CREEK FORMATIONS
(MIDDLE ORDOVICIAN)

OF SOUTH-CENTRAL OKLAHOMA

JEFFREY A. BAUER!

Abstract—Samples from the McLish and Tulip Creek Formations of south-central Oklahoma
yielded 12,890 identifiable conodont elements referable to 25 genera. The conodont fauna is domi-
nated by Phragmodus flexuosus, which is divided into two distinct, biostratigraphically useful
morphotypes. Species of Cahabagnathus and Eoplacognathus allow correlation of the McLish and
Tulip Creek with the Pygodus serra Zone of the North Atlantic Province. The conodont fauna,
accordingly, is representative of the upper Whiterockian Series (Chazyan). Continuity of the fauna
through the McLish—Tulip Creek boundary beds indicates no significant break in sedimentation.

Samples just above the basal sandstone of the McLish yielded conodonts different from those in
the remainder of the formation and in the overlying Tulip Creek. Neomultioistodus, Para-
prioniodus, and Scandodus? are representatives of this lower McLish association. Conodonts of this
Neomultioistodus association are considered reworked.

INTRODUCTION

The thick intracratonic succession of Middle
Ordovician rocks exposed in the Arbuckle Moun-
tains of south-central Oklahoma is critical to the
understanding of North American Middle Ordovi-
cian biostratigraphy. Many previous biostrati-
graphic studies of that interval lack the detail
necessary for positive correlations. This paper de-
scribes conodonts from the Middle Ordovician
McLish and Tulip Creek Formations. These two
units are exposed in thick, continuous, generally
well-exposed sections in the Arbuckles and pro-
vide excellent targets for conodont research. The
conodont succession of the McLish and Tulip
Creek Formations is compared with presently
used conodont faunal and zonal schemes and is fit
into accepted chronostratigraphic frameworks.

STRATIGRAPHY AND
STRUCTURE

The McLish and Tulip Creek Formations make
up the middle portion of the Simpson Group,
which is underlain by the Cambrian—lower Mid-
dle Ordovician Arbuckle Group and overlain by

The Ohio State University, Columbus, Ohio.

the Middle and Upper Ordovician Viola Group.
The Simpson was introduced initially as a forma-
tion by Taff (1902,1904), who published early de-
scriptions (1904, p. 23) of the interval. Ulrich
(1930, p. 76-77) treated the Simpson as a group
composed of seven formations.

Decker and Merritt (1931, p. 11-12) recognized
the five presently accepted formations in their
summary of the Simpson Group. Those five forma-
tions are (from oldest to youngest) the Joins, Oil
Creek, McLish, Tulip Creek, and Bromide. Cooper
(1956, p. 120—121) divided the Bromide into the
Mountain Lake and Pooleville Members.

Harris (1957, p. 10-53) gave a detailed account
of important stratigraphic studies published be-
fore 1957. Other summaries of previous Simpson
studies were given by Schramm (1964, p. 1167—
1168; 1965, p. 26-34), Shaw (1974, p. 2), and Long-
man (1981, p. 2-3).

The studied rocks are part of the thick Paleozoic
sequence of south-central Oklahoma exposed in
the Arbuckle Mountains, which comprise a series
of NW-trending anticlinal uplifts formed during
Pennsylvanian orogenic episodes (Text-fig. 1;
Ham and Wilson, 1967, p. 398; Ham, 1969, p. 17—
19).

Samples were collected from a section of the
McLish and Tulip Creek Formations exposed
along Interstate Highway 35 (Text-fig. 1, Murray
County, Oklahoma; sec. 30, T1S, R2E; Turner



2 Stratigraphy and Structure

Falls 7.5’ quadrangle). These exposures have been
described by Fay (1969, p. 73—75). This sampied
section bears the Ohio State University (OSU)
locality designation 82JA. The section is situated
in the overturned north limb of the Arbuckle anti-
cline. Beds in the section strike N. 50° W. and dip
65-75° SW.

The basal part of the McLish Formation is ex-
posed in a valley east of the highway, about 500 ft
north of milepost 50. The sampled portion of the
formation is 405 ft (~123 m) thick and consists of a
basal quartzose sandstone succeeded by a series of
alternating carbonate rocks and shales. Much of
the upper part of the McLish is covered; according
to descriptions by Fay (1969, p. 74), this covered
interval is shale. The contact between the McLish
and the subjacent Oil Creek Formation is covered,
but is estimated to be 20 ft below the base of the
exposed section (Fay, 1969, p. 75). The McLish
appears to be conformable with the younger Tulip
Creek Formation, as indicated by the absence of
an identifiable erosional surface and the continu-
ity of the conodont fauna across the contact.

The Tulip Creek comprises a basal calcareous,
quartzose sandstone succeeded by beds of lime-
stone, calcareous sandstone, and shale. The upper
part of the sequence is mostly covered and is pre-
sumed to be mostly shale (Fay, 1969, p. 73). Total
thickness of the Tulip Creek is 304 ft (~93 m). The
contact with the overlying Bromide Formation is
covered, but is assumed to be at the intersection of
a subtle ledge (basal Bromide sandstone) and the
slope formed by the upper Tulip Creek shale.

Additional collections used in this research are
from a McLish-Tulip Creek section sampled in
1972 by W. C. Sweet, S. M. Bergstréom, and V.
Jaanusson (OSU localities 72SE and 72SF). That
section is along the west side of U.S. Highway 77,
north of Ardmore, Carter County, Oklahoma, on
the south flank of the Arbuckle anticline (Text-fig.
1). Although no detailed lithologic descriptions of
the section were made by the collectors, the
McLish portion (locality 72SE) had been described
before by Decker and Merritt (1931, Table IV, p.
62-67), and the Tulip Creek portion (locality
72SF) had been described by Fay (1969, p. 31).

DEPOSITIONAL ENVIRONMENTS

Ham and Wilson (1967, p. 393-396) summa-
rized two principal depositional sequences in the
Paleozoic of southern Oklahoma. The first (Late
Cambrian—Early Devonian) consists of 11,000 ft of
dominantly carbonate rocks and includes the
Arbuckle, Simpson, and Viola Groups, the Sylvan
Shale, and the Hunton Group. The second se-
quence primarily comprises Upper Devonian
through Pennsylvanian terrigenous rocks.

Although carbonate rocks dominate the early

Paleozoic sequence, terrigenous rocks are a signif-
icant component in the Simpson Group. Except for
the Joins, all Simpson formations have a rel-
atively thick basal sandstone. Shale is also com-
mon in the Simpson.

Schramm (1964, p. 1172-1191) constructed
lithofacies maps of the Simpson Group. According
to his model, terrigenous material in Simpson
formations was derived from the east and north-
east from sourcelands in the Canadian Shieid
(p. 1192).

Shaw (1974, p. 2-5) believed that the Joins and
Oil Creek represent tidal to subtidal depositional
environments. He concluded that the McLish was
deposited in environments of very shallow water
and high energy, which is indicated by birdseye
limestone in eastern facies (Ham, 1954; Illing,
1959; Perkins, 1963; Laporte, 1967; Shinn, 1968),
and by a fauna of highly fragmented shelly fossils
in western facies. Shaw further concluded that,
among Simpson Group formations, the Bromide
was deposited in the deepest water. He wrote little
about Tulip Creek depositional environments.

Longman (1981, p. 1) recognized four episodes,
or pulses, of subsidence in southern Oklahoma
during Simpson deposition. During periods of
quiescence, quartz sands were transported from
bordering sourcelands to all parts of the deposi-
tional basin. As the basin subsided, marine shales
and carbonates succeeded the sands.

The I-35 section of the McLish Formation has a
basal sandstone (60 ft exposed) which represents
Longman’s (1981, p. 1) quiescent period during
which quartzose sands extended into many parts
of the southern Oklahoma basin. Biostratigraphic
data show a significant hiatus at the top of the Oil
Creek (Cooper, 1956, chart 1; Harris, 1957, p. 66;
Sweet and Bergstrom, 1976, p. 147; Ross and
others, 1982, correlation chart; Sweet, 1984, p. 31)
and indicate that the basal McLish sandstone is
transgressive, rather than regressive as implied
by Longman (1981, p. 1).

The basal McLish sandstone is succeeded up-
ward by mostly calcarenitic limestones (cross-
bedded in places) and interbedded shales. Shelly
fossils in the limestones are mostly fragmented.
This interval represents a shallow-water (subtidal
to intertidal) environment and intermittent
periods of sustained influx of terrigenous sedi-
ment.

Cross-bedded, quartzose sandstones appear in
the uppermost McLish and are common in the
lower 120 ft of the Tulip Creek. The conodont
faunal succession across the McLish—Tulip Creek
boundary is continuous; this faunal continuity
and the lack of physical evidence for a hiatus sup-
port the idea of a regressive sandstone unit. Shale
is the most common constituent throughout the
remainder of the Tulip Creek and records a shal-
low-water subtidal depositional environment. The
persistent deposition of fine-grained clastic sedi-
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Text-figure 1. Locations of sampled sections of the McLish and Tulip Creek Formations along Interstate Highway 35 and
U.S. Highway 77.



4 Conodont Samples/Conodont Faunas

ments during Tulip Creek time resulted in a sig-
nificantly lower proportion of limestone in the
Tulip Creek than in the McLish.

CONODONT SAMPLES

Samples of 1 kg were collected at 5-ft intervals
from the McLish and Tulip Creek Formations in
the I-35 section. Limestone and calcareous sand-
stone are well exposed in the section and pre-
sented no sampling problems. The upper portion of
each formation is mostly shale that forms covered
slopes; these intervals were sampled by digging
through the cover into the weathered, shale-rich
layers beneath. Some intervals could not be sam-
pled, because of thick soil cover.

Initially, 500 g of each sample of calcareous
sandstone and limestone was processed. Addition-
al material was processed if the sample was not
productive (in general, fewer than 10 conodont
elements) or if elements critical to conodont analy-
sis were not recovered. All available shale mate-
rial was processed.

A 100-mesh sieve was used to separate residues
from finer material. A 120-mesh sieve was used
for two samples (82JA-350, 82JA-360) in order to
recover elements that were generally too small to
be caught on larger sieve openings. Magnetic
separation and heavy liquids (tetrabromoethane)
were used to concentrate residues further.

On the average, 130 conodont elements were
recovered per kilogram of shale (22 samples total),
154 per kilogram of limestone (55 samples), and
520 per kilogram of calcareous sandstone (20 sam-
ples). A few beds from which large numbers of
conodont elements were recovered are responsible
for the high productivity of the quartzose sand-
stone samples. Most sandstone samples gave very
low yields.

CONODONT FAUNAS

A collection of 12,890 identifiable conodont ele-
ments referable to 25 genera was recovered from
the I-35 section. Also studied were 4,723 elements
from the section along U.S. Highway 77. All cono-
dont elements have a color alteration index of 1
(Epstein and others, 1977). Conodonts from both
sections are listed in Table 1, and their sample-by-
sample occurrence is given in Appendix 1.

Ordovician conodont provincialism has been
discussed in a number of reports (Sweet and
others, 1959, p. 1034-1038; Sweet and Bergstrom,
1962, p. 1216, 1974, 1984; Bergstrom and Sweet,
1966, p. 282-285; Schopf, 1966, p. 21-22; Berg-
strém, 1973a, 1973c, p. 265-267, 1977; Barnes and
Fahraeus, 1975; Lindstrom, 1976), in which two
provinces are recognized. Midcontinent provincial
forms dominate the conodont collections from the
McLish~Tulip Creek sections. Phragmodus flex-

uosus Moskalenko, representing 78% of the total
conodont elements collected from the I-35 section
and 75% of those from the U.S. 77 section, is by far
the most abundant of the Midcontinent species.
Conodonts recognized as North Atlantic provin-
cial forms are represented in very small numbers
and include the genera Eoplacognathus Hamar
and Cehabagnathus Bergstrom.

In this report, Phragmodus flexuosus is differ-
entiated into two morphotypes, A and B, based on
the character of elements in the P position of the
skeletal apparatus. Two species of Belodella
Ethington, B. robusta Ethington and Clark and B.
sp. cf. B. jemtlandica Lofgren, are represented in
both sections. Ranges of those two species overlap
to alarge degree. The ratio of elements of B. robus-
ta to those of B. sp. cf. B. jemtlandica is higher in
the U.S. 77 section than in the I-35 section, which
suggests environmental controls on the lateral
distribution of the two species, although there are
no apparent lithologic differences between the two
sections.

Conodonts from the lowest three samples of the
McLish Formation (82JA-66, -67, -71) in the I-35
section make up a fauna distinctly different from
that recognized in the remainder of the interval.
This fauna, discussed below under “Biostratigra-
phy and Chronostratigraphy,” includes Neomul-
tioistodus compressus, Scandodus? sinuosus, Pa-
raprioniodus sp. cf. P. costatus, and Histiodella
n. sp. 2.

DISTRIBUTION OF CONODONTS

The conodonts of the McLish Formation appear
to be considerably more diverse than those of the
Tulip Creek Formation. However, this change in
diversity probably is an artifact of sampling diffi-
culties in the middle and upper Tulip Creek.
Ranges of conodont species in the I-35 section are
plotted in Text-figure 2.

The lower three samples of the McLish yielded
the Neomultioistodus association, but the remain-
der of the lower and middle parts of the McLish is
dominated by Phragmodus flexuosus morphotype
B and also includes relatively abundant repre-
sentatives of Belodella sp. cf. B. jemtlandica and
Protopanderodus varicostaius. The latter is pres-
ent through the lower Tulip Creek.

Other, more sparsely represented forms in the
lower and middle McLish include Eoplacognathus
foliaceus (Fdhraeus)-E. reclinatus Fihraeus
transition (= E. sp. of this report), Erismodus
arbucklensis n. sp., Erraticodon sp. cf. E. balticus,
Staufferella sp., and Cahabagnathus sp. The E.
foliaceus—E. reclinatus transition is of particular
importance in correlation.

Most of the conodont species in the upper
McLish range upward into the Tulip Creek. Rep-
resentatives of Phragmodus flexuosus morpho-
type A, Belodina monitorensis, and Cahaba-
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TaBLE 1.—OccURRENCE OF ConoponNTs IN THE McLisH aND TuLip CREEk FORMATIONS
iN THE [-35 anp U.S. 77 SEcTIONS

Recovered elements

I-35 U.s. 77

Species section section

1. Belodella sp. cf. B. jemtlandica Lofgren 158 88
2. Belodella robusta Ethington and Clark 33 51
3. Belodina monitorensis Ethington and Schumacher 47 18
4. “Bryantodina” sp. 22 —
5. Cahabagnathus chazyensis Bergstrom 1 —
6. Cahabagnathus friendsvillensis (Bergstrom) 40 34
7. Cahabagnathus directus n. sp. 77 6
8. Cahabagnathus sp. 45 61
9. Coleodus? sp. 1 1
10. Dapsilodus? nevadensis (Ethington and Schumacher) 3 1
11. Drepanoistodus angulensis (Harris) 66 —
12. Drepanoistodus suberectus (Branson and Mehl) 825 530
13. Eoplacognathus sp. 15 20
14. Erismodus arbucklensis n. sp. 98 17
15. Erraticodon sp. cf. E. balticus Dzik 42 82
16. Histiodella n. sp. 2 Harris and others 1 —
17. Leptochirognathus quadratus Branson and Mehl 18 —
18. Neomultioistodus compressus Harris and Harris 695 —
19. Oneotodus? ovatus (Stauffer) 1 —
20. Panderodus panderi (Stauffer) 5 —
21. Panderodus sp. 24 39
22. Paraprioniodus sp. cf. P. costatus (Mound) 194 —
23. Phragmodus flexuosus morphotype A 8,007 2,291
24. Phragmodus flexuosus morphotype B 2,028 1,254
25. Plectodina sp. cf. P. aculeata (Stauffer) 6 —
26. Plectodina sp. 13 —
27. Plectodina? sp. 47 6
28. Protopanderodus varicostatus (Sweet and Bergstrom) 79 74
29. Pteracontiodus? sp. 40 —
30. Scandodus? sinuosus Mound 117 —
31. Staufferella sp. 28 21
32. “Tetraprioniodus” sp. 1 —
33. Thrincodus palaris n. gen., n. sp. 1 1
34. Triangulodus alatus Dzik 64 126
35. Genus indeterminate, sp. A 37 2
36. Genus indeterminate, sp. B 11 —
Total 12,890 4,723

gnathus friendsvillensis are notable constituents
of strata adjacent to the McLish-Tulip Creek
contact.

The conodont fauna of the middle and upper
Tulip Creek consists of Phragmodus flexuosus
morphotype A, Erraticodon sp. cf. E. balticus, Bel-
odina monitorensis, and Panderodus panderi.
Long-ranging Drepanoistodus suberectus and
Triangulodus alatus are sporadically represented
throughout the section.

BIOSTRATIGRAPHY AND
CHRONOSTRATIGRAPHY

Previous research on the biostratigraphy of the

McLish and Tulip Creek Formations includes re-
ports on trilobites (Ulrich, 1930, p. 77; Shaw, 1974,
p. 6-8), brachiopods (Cooper, 1956, p. 119-120),
ostracodes (Harris, 1957, p. 77,83), bryozoans
(Loeblich, 1938; Farmer, 1975), chitinozoans (Wil-
son and Dolly, 1964), and conodonts (Branson and
Mehl, 1943; Sweet and others, 1971, p. 174; Sweet
and Bergstrom, 1976, p. 146-147; Sweet, 1984,
figs. 3,11). In addition, Taff (1904) and Decker and
Merritt (1931, p. 30-40) published early reports on
a variety of invertebrate groups. Amsden (1957)
gave a summary of fossils described from the
McLish and Tulip Creek prior to 1957.
Chronostratigraphic relationships of the
MecLish and Tulip Creek Formations proposed by
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previous investigators are summarized in Table 2.

Sweet and others (1971) established a succes-
sion of 12 conodont faunas for the Middle and
Upper Ordovician rocks of the Midcontinent Prov-
ince. Those conodont faunas still provide a general
biostratigraphic framework, although several
faunal ranges have been shown to overlap chrono-
logically.

Conodonts from the McLish Formation (except
those from samples 82JA-66, -67, and -71) and
Tulip Creek Formation are representative of
faunas 5 and 6 of Sweet and others (1971). Harris
and others (1979, p. 10) noted uncertainty in dif-
ferentiating fauna 5 from fauna 6, and conse-
quently chose to group the two. Phragmodus flex-
uosus, represented in great numbers in the
McLish—Tulip Creek section, is a member of both
faunas and therefore offers little help in faunal
determination. Multioistodus subdentatus Culli-
son is present only in fauna 5 and appears to be the
only form that can be used to distinguish the two
faunas. M. subdentatus, described from the Dutch-
town Formation of Missouri (Cullison, 1938, p.
226; Youngquist and Cullison, 1946, p. 586), is not
represented in the McLish—Tulip Creek samples.
However, in consideration of the somewhat uncer-
tain relationship between faunas 5 and 6, it is
probably best to describe the conodont assemblage
as fauna 5-6. P. flexuosus, Leptochirognathus
quadratus, Belodina monitorensis, and Cahaba-
gnathus friendsvillensis support assignment to

fauna 5-6.

Belodina compressa Branson and Mehl, Plecto-
dina aculeata (Stauffer), and Phragmodus inflex-
us Stauffer characterize fauna 7 (Sweet and
others, 1971, p. 175; Sweet, 1984, p. 25). Those
species are not represented in either the McLish or
Tulip Creek. P. inflexus has been reported from
the lower Bromide Formation (Sweet and Berg-
stréom, 1973; Sweet and Bergstrom, 1976, p. 128;
Sweet and others, 1973).

Ethington and Clark (1982, p. 5-14), in their
study of Lower and Middle Ordovician conodonts
from the Ibex area of western Utah, introduced
local conodont intervals to replace some of the
Midcontinent faunal assemblages of Sweet and
others (1971). The youngest interval listed in their
report (p. 14), the ?Phragmodus flexuosus inter-
val, contains some forms in common with the
McLish—Tulip Creek section, including Belodella
robusta, Erraticodon aff. E. balticus, and Dapsilo-
dus? nevadensis. However, the Phragmodus de-
scribed from that interval has a geniculate con-
iform element in the M position. P. flexuosus, as
interpreted in this report, has a dolabrate element
in the M position and appears to represent young-
er strata, as concluded by Harris and others (1979,
p. 23).

North Atlantic-type conodonts in the McLish
and Tulip Creek Formations allow some compari-
sons between the Midcontinent successions and
the North Atlantic provincial zonation introduced

TaBLE 2.—McLisgu—TuLip CREEK CHRONOSTRATIGRAPHIC RELATIONSHIPS ACCORDING TO
PreEvious INVESTIGATORS

Lithostratigraphic Chronostratigraphic
Reference Fossil group unit unit
Taff (1904) (several) Lower Simpson Chazyan
Ulrich Trilobites McLish—Tulip Creek Chazyan
Decker and Gastropods, McLish Middle Chazyan
Merritt (1931) conodonts,

bryozoans, etc. Tulip Creek Upper Chazyan or
Blackriveran

Cooper (1956) Brachiopods McLish Marmorian

Tulip Creek Ashbyan
Harris (1957) Ostracodes McLish-Tulip Creek Blackriveran
Bergstrom (1971) Conodonts McLish Marmorian
Shaw (1974) Trilobites McLish-Tulip Creek Chazyan
Sweet and Conodonts McLish Lower Chazyan
Bergstrom (1976)

Tulip Creek Upper Chazyan

Ross and others (1982) —

McLish—Tulip Creek

Upper Whiterockian
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by Bergstrom (1971, p. 91-104). The Eoplaco-
gnathus foliaceus—E. reclinatus transition occurs
with Phragmodus flexuosus morphotype B. The
Phragmodus species with a geniculate coniform
element in the apparatus described from the Crys-
tal Peak Dolomite of Utah (Ethington and Clark,
1982, p. 79-82) and the Antelope Valley Lime-
stone of Nevada (Harris and others, 1979, p. 23) is
associated with an older form of Eoplacognathus
(E. suecicus Bergstrém); this offers further evi-
dence that the ?P. flexuosus interval of Ethington
and Clark (1982, p. 14) is older than that with the
normal conodont assemblage of the McLish.

Eoplacognathus is succeeded in the McLish by
species of Cahabagnathus, which range through
the remainder of the McLish and Tulip Creek.
Cahabagnathus chazyensis (= Polyplacognathus
friendsvillensis—P. sweeti transition of earlier re-
ports) is represented in one sample near the top of
the Tulip Creek. The succession of North Atlantic-
type conodonts indicates that the McLish—Tulip
Creek section falls primarily within the Pygodus
serra Zone, based on Bergstrém’s (1971, p. 91,94,
1973b, p. 12; 1977, p. 91; 1983, p. 42) correlations
of the Eoplacognathus and Cahabagnathus
lineages with the Pygodus lineage. The P. serra
zonal correlation is given with some reservation,
because no representatives of that species occur in
the section, and because the biostratigraphic con-
trol in the upper part of the Tulip Creek is poor.

In previous studies, the McLish and Tulip Creek
Formations generally have been assigned to the
Chazyan and/or Blackriveran Stages of the Mid-
dle Ordovician (Champlainian) Series. Conodonts
of the Chazy Group (Raring, 1972) include repre-
sentatives of Phragmodus flexuosus (= P. tortus
Sweet of Raring, 1972, p. 101-104), Eoplaco-
gnathus foliaceous—E. reclinatus transition (= E.
n. sp. of Raring, p. 77-80), Cahabagnathus
friendsvillensis, and C. chazyensis (Polyplaco-
gnathus sweeti of Raring, pl. 2, figs. 18,19). The
McLish—Tulip Creek interval appears to be within
the biostratigraphic boundaries of the Chazy
sequence according to conodont faunal compari-
sons; therefore, these formations are assigned to
the Chazyan Stage.

Harris and others (1979, p. 29-31), using cono-
dont biostratigraphy, summarized some of the re-
lationships between Cooper’s (1956) Middle
Ordovician stages based on brachiopods and other
stadial divisions. Cooper’s assignment of the
McLish to the Marmorian Stage (see Cooper’s cor-
relation chart) is substantiated by the conodont
assemblage (as noted by Bergstrom, 1971, p. 125).
Harris and others (1979, p. 29) stated that the type
Marmorian contains Pygodus serra (reported first
by Bergstrém, 1971, p. 125) and the Eoplaco-
gnathus foliaceus—E. reclinatus transition, which
is present in the lower McLish. ‘

Cooper’s (1956) assignment of the Tulip Creek

to the Ashbyan Stage is not substantiated by the
conodont assemblage. The conodont fauna indi-
cates a Chazyan age for that formation. The
Ashbyan Stage, on the other hand, was described
by Cooper (1956, p. 8) as having a younger
brachiopod fauna than that of the uppermost
Chazy Group. Conodont studies of Ashbyan refer-
ence sections also have indicated that the
Ashbyan is younger than the Chazyan (Carnes
and Bergstrom, 1973; Carnes, 1975, p. 90-95).
Cooper (1956, p. 120) relied heavily on the
brachiopod Valcourea to correlate the Tulip Creek
with the Elway Formation (part of the type
Ashbyan). Although Cooper reported that genus
from the Tulip Creek, there is no reference to its
presence in the Elway. Based on the conodont
fauna, the Tulip Creek appears to be more closely
associated with Cooper’s Marmorian Stage.

Ross and others (1982) presented new series
divisions of the Ordovician System: Ibexian
(lowermost), Whiterockian, Mohawkian, and Cin-
cinnatian (uppermost). The base of the Mohawk-
ian coincides with the base of the Prioniodus
gerdae conodont subzone (Ross and others, 1982, p.
12). Sweet and Bergstrom (1973; 1976, p. 128) and
Sweet and others (1973) noted the occurrence of P.
gerdae in the Mountain Lake Member of the Bro-
mide Formation. The conodont fauna characteris-
tic of the upper part of the Whiterockian Series
includes conodont fauna 5-6 of Sweet and others
(1971) and the Pygodus serra and P. anserinus
Zones of Bergstréom (1971). The McLish and Tulip
Creek are therefore interpreted to represent the
upper Whiterockian as shown in the correlation
chart of Ross and others (1982) and Sweet (1984, p.
31).

Sweet (1984, p. 31)—using graphic correlation
of the ranges of key species, including Cahaba-
gnathus friendsvillensis, C. sweeti, and the
Eoplacognathus foliaceus—E. reclinatus transi-
tion—placed the McLish and Tulip Creek approx-
imately between 685 and 790 m in his composite
standard section (CSS). (See Amsden and Sweet,
1983, p. 26, for a discussion of graphic methods.)
That level corresponds to the C. friendsvillensis
chronozone and a portion of the C. sweeti chrono-
zone (p. 25-26). Considering that C. sweeti was not
found in the sampled McLish—Tulip Creek sec-
tions, and that taxonomic revisions have been
made in the Cahabagnathus lineage by Bergstrém
(1983, p. 41-43), correlations of the McLish and
Tulip Creek presented by Sweet are in need of
revision. Graphic analysis based on ranges given
in this report (not including ranges of species in
the lowermost three samples of the I-35 section)
indicates that the McLish—Tulip Creek interval
lies entirely within the C. friendsvillensis Zone,
approximately between 695 and 755 m in the CSS
(Text-fig. 3). Further revisions will probably be
necessary in the graphic correlation of the
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McLish—Tulip Creek once conodont ranges in both
that section and the CSS are more clearly known.
For instance, bases of the ranges of species 19 and
20 (Oneotodus? ovatus and Panderodus pandert)
plot anomalously to the right of the line of correla-
tion (LOC) shown in Text-figure 3. This incon-
sistency results either from an error in placement
of the LOC or, more likely, from an extension of
the lowermost occurrence of the two species in the
McLish—Tulip Creek section in relation to the
CSS.

Strata of the Lower McLish

Samples 82JA-66, -67, -71, taken just above the
basal McLish sandstone in the I-35 section, pro-
duced conodonts distinctly different from those in
succeeding samples. Conodonts referable to Neo-
multioistodus, Paraprioniodus, Scandodus?, and
Histiodella were recovered from that interval;
these conodonts indicate fauna 4 of Sweet and
others (1971, p. 169) and the Histiodella sinuosa
and Paraprioniodus costatus—Chosonodina rig-
byi-Histiodella holodentata interval of Ethington
and Clark (1982, p. 13-14). A sample just above
that interval (82JA-76) yielded representatives of
fauna 5—6, dominated by Phragmodus flexuosus.

The striking difference between conodont
faunas over such a short stratigraphic interval
can be explained in several ways. The interval
may contain a significant hiatus or a fault sepa-
rating the two faunal associations. The interval
may represent a time of great faunal replacement
due to competition or to a change in environmen-
tal parameters. The interval may also include re-
worked sediment and fossils.

The hiatus or fault-contact explanations are not
consistent with field observations.

If faunal replacement took place through com-
petition or environmental change, one would ex-
pect the two faunas, where both are present, to be
closely associated in other stratigraphic intervals.
The Neomultiostodus association has been re-
ported from the Pogonip Group of Utah by Ething-
ton and Clark (1982) and is characteristic of Simp-
son strata (Joins and Oil Creek Formations) just
below the McLish in Oklahoma. Although Phrag-
modus flexuosus is not known in the Pogonip or
lower Simpson, a species of Phragmodus has been
recognized in the Crystal Peak Dolomite of Utah,
above the Pogonip; that species, as previously
mentioned, also has been reported from the Ante-
lope Valley Limestone of Nevada and is there
characteristic of strata older than units contain-
ing P. flexuosus (Harris and others, 1979, p. 23). It
appears, therefore, that the P. flexuosus and
Neomultioistodus associations are separated in
some of the Great Basin sequences by strata con-
taining the “pre-flexuosus” form of Phragmodus.

If this is also true in southern Oklahoma, the case
for faunal replacement due to competition seems
to be very weak.

The lithologies of samples containing the Neo-
multioistodus and P. flexuosus associations in the
lower McLish are nearly identical; this close litho-
logic similarity would not be expected among
samples representing significantly different
environments.

Alternatively, the lower McLish interval could
be composed of reworked sediment and fossils. The
interval consists of alternating shales and thin
dolomitic limestones with gradational contacts;
there is no conclusive physical evidence of rework-
ing. A possible mixed association in saraple 82JA-
71 of the Phragmodus flexuosus and Neomultiois-
todus associations along with the apparent admix-
ture of conodonts representing two of Ethington
and Clark’s (1982) conodont intervals within the
Neomultioistodus association lends support to the
hypothesis of reworked sediment.

The problem of the conodont succession in the
lower McLish cannot be resolved with the data at
hand. Pending further study, the conodonts of this
interval are herein considered reworked.

Correlation of the McLish—Tulip Creek interval
is shown in Text-figure 4.
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SYSTEMATIC PALEONTOLOGY

Conodont specimens recovered from the McLish
and Tulip Creek Formations are described in the
following section. “Occurrences” and “Collection”
sections of each species description refer to speci-
mens collected from the I-35 section. Distribution
of conodonts in the U.S. 77 interval (collected by
Sweet, Bergstrom, and Jaanusson) is given in
Appendix 1. Table 1 lists species and total recov-
ered elements from the U.S. 77 section. All illus-
trated specimens are in the collections of the
Orton Geological Museum, The Ohio State
University.
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Text-figure 3. Graphic correlation of the McLish-Tulip Creek i-35 section with the Composite Standard Section of Sweet
(1984). Species identification numbers correspond to those in Table 1 and Appendix 1. Note that Phragmodus flexuosus
morphotypes A and B are combined (23-24), because they are not differentiated in the CSS.
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LU.G.S. N. Atlantic Conodont
Formation N. American Stage Conodont Fauna
Series Zones
£ Mohawkian | Blackriveran , 7
8 o A. tvaerensis
Bromide|({S=<| | L ____
g - Pygodus
| __anserinus__ |
Tulip Creek Chazyan 5.6
Whiterockian Pygodus
serra
McLish
_ 4
Oil Creek

Text-figure 4. Correlation of the McLish—Tulip Creek interval and adjacent units. |.U.G.S. North American series from Ross
and others (1982). North Atlantic conodont zones from Bergstrom (1971). Numbered conodont faunas from Sweet and
others (1971). Correlation of Bromide and Qil Creek Formations is based on reports by Sweet and others (1971), Sweet
and Bergstrom (1973,1976), and Sweet and others (1973), and on undescribed conodont collections stored at The Ohio
State University. Boundaries of the Chazyan are somewhat uncertain.

Genus Belodella Ethington, 1959

Type species.—Belodus devonicus Stauffer,
1940.

Belodella sp. cf. B. jemtlandica
Lofgren, 1978
Pl 1, Figs. 2—4,9; Text-fig. 5B

cof. Belodella jemtlandica LOFGREN, 1978, p. 4649, pl. 15,
figs. 1-8, text-figs. 24A-D; CooPpER, 1981, pl. 26, fig.
14; AN TAI-XIANG AND OTHERS, 1983, p. 77, pl. XXV,
figs. 8—12; STOUGE, 1984, p. 60, pl. 6, figs. 13-23,pl. 7,
figs. 1-4.

cf. Belodella erecta (Rhodes and Dineley). BARNES AND
PorLawski, 1973, p. 769, pl. 4, figs. 19-20.

cf. Belodella n. sp. s.f. BARNES AND PopLAaWSKI, 1973, p.
769, pl. 4, figs. 5,9,10,18,18a, text-fig. 2F.

cf. “Belodella” jemtlandica Lofgren. Dzik, 1983, figs. 6—
18.

Description.—Apparatus quadrimembrate,
composed of geniculate coniform and three types
of rastrate elements distinguished by their cross

section and termed biconvex, planoconvex, and
triangular by Lofgren (1978, p. 46—48). Biconvex
rastrate element subtriangular in cross section,
keeled anteriorly and posteriorly. Posterior mar-
gin sharp, adenticulate; one side expanded slight-
ly more than the other. Expanded side has broad,
anterolateral carina.

Planoconvex rastrate element keeled anteriorly
and slightly twisted. Posterior margin has series
of denticles inclined toward cusp apex.

Triangular rastrate element keeled antero-
laterally; posterior margin variably denticulated.
In most specimens, large denticles alternate with
smaller ones.

Geniculate coniform element laterally bowed;
base expanded; cusp keeled anteriorly and pos-
teriorly. Side of cusp toward which element is
bowed bears broad carina; other side smoothly
convex.

Discussion.—Belodella was discussed in detail
by Léfgren (1978, p. 46-49), who distinguished
three species based on characters of their biconvex
rastrate element. That element in the apparatus
of B. jemtlandica differs from those in the other
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two species, B. erecta and B. nevadensis (Ething-
ton and Schumacher), by having an undenticu-
lated posterior margin.

Ethington and Clark (1982, p. 25-27) described
an additional species of Belodella, B. robusta, from
the Lehman Formation and Crystal Peak Dolo-
mite of Utah. That species has an undenticulated
biconvex rastrate element distinguished from
that of B. jemtlandica by having longitudinal
ridges on the lateral surfaces. Ethington and
Clark (1982, p. 26) also observed that B. robusta
has coarse, variable denticles on the triangular
element and coarse, erect denticles on the plano-
convex element. Figures of B. jemtlandica (Lo6f-
gren, 1978, pl. 15, figs. 1-4) show finer, more-
uniform denticles on triangular and planoconvex
elements. Furthermore, denticles on the plano-
convex element are inclined toward the cusp.

Specimens of Belodella recovered from the
McLish-Tulip Creek section have undenticulated
biconvex rastrate elements. I have referred most
of those forms to B. sp. cf. B. jemtlandica because
their biconvex elements do not exhibit the pro-
nounced longitudinal ridges described in B. robus-
ta by Ethington and Clark (1982, p. 26). However,
some of the forms assigned to B. sp. cf. B. jemtland-
ica display the coarse, variable denticulation of B.
robusta. Size and arrangement of denticles in Be-
lodella vary markedly both within samples and
vertically in the sequence and, consequently, may
not be of use in distinguishing species. (See Text-
fig. 5.)

Occurrence—Belodella sp. cf. B. jemtlandica is
represented in the McLish Formation 76-400 ft
above the base of the section. Specimens that may
represent the same species have been reported
from the Mystic Formation of Quebec (Barnes and
Poplawski, 1973, p. 769); from the Horn Valley
Siltstone of Australia (Cooper, 1981, pl. 26, fig.
14); and from the Table Head Formation of New-
foundland (Stouge, 1984). Lofgren (1978, p. 46-49)
described B. jemtlandica from the Lunne quarry
in Sweden.

Collection.—158 specimens (38 biconvex ele-
ments, 28 planoconvex elements, 65 triangular
elements, 27 geniculate coniform elements).

Figured specimens.—OSU 37191-37194, inclu-
sive.

Belodella robusta Ethington and
Clark, 1982
Pl 1, Figs. 1,5,8; Text-fig. 5C

Paltodus? sp. ETHINGTON AND SCHUMACHER, 1969, p. 468,
pl. 69, fig. 13.

Roundya sp. B ETHINGTON AND SCHUMACHER, 1969, p.
475476, pl. 67, fig. 24.

Belodella robusta ETHINGTON AND CLARK, 1982, p. 25-27,
pl. 2, figs. 1-4.

Belodella rigidan. sp. AN TAI-XIANG AND OTHERS, 1983, p.
77-79, pl. XVIII, figs. 12-18, text-fig. 12 (24-27).
?Belodella sinuosa n. sp. Stouck, 1984, p. 60-61, pl. 7,

figs. 5-14.

Discussion.—The apparatus of Belodella robus-
ta, which is described in detail by Ethington and
Clark (1982, p. 26), differs from that of B. jemt-
landica by having a biconvex rastrate element
with longitudinal ridges on each side. Distinctions
between the two species based on denticulation of
the triangular and planoconvex elements (Ething-
ton and Clark, 1982, p. 26) are not recognized in
specimens recovered from the McLish—Tulip
Creek section.

The apparatus of Belodella robusta differs from
that of B. nevadensis by having an undenticulated
biconvex rastrate element. The biconvex element
of B. nevadensis has lateral costae much like those
of B. robusta, but the “posterior margin is broken
by well-developed denticles” (Ethington and
Clark, 1982, p. 26).

Occurrence.—Between 97 and 534 ft in the sec-
tion. Other occurrences include those mentioned
by Ethington and Clark (1982, p. 27) in the Crys-
tal Peak Dolomite and the Lehman Formation of
Utah; also found in the Copenhagen Formation of
Nevada (Ethington and Schumacher, 1969), and
the Womble Shale of Arkansas (Repetski and
Ethington, 1977).

Collection.—33 specimens (11 biconvex ele-
ments, 7 planoconvex elements, 13 triangular ele-
ments, 2 geniculate coniform elements).

Figured specimens.—OSU 37195-37197, inclu-
sive.

Genus Belodina Ethington, 1959

Belodina EtHiNGTON, 1959, p. 271.
Eobelodina SWEET AND OTHERS, 1959, p. 1050.

Type species.—Belodus compressus Branson and
Mehl, 1933b.

Belodina monitorensis Ethington and
Schumacher, 1969
Pl 1, Figs. 10,13,14

Belodina monitorensis ETHINGTON AND SCHUMACHER,
1969, p. 455-456; BERGSTROM, 1978, p. 736, pl. 79, figs.
18,19; Sweer, 1981, p. 79-81, pl. 1, figs. 10,11, pl. 2,
figs. 5—7 (synonymy through 1981); Dzix, 1983, figs.
3-17, 3-18.

Description.—Apparatus trimembrate; consists
of geniculate coniform (eobelodiniform) and two
types of rastrate (belodiniform) elements de-
scribed as grandiform and compressiform.

Remarks.—Belodina monitorensis was intro-
duced in form taxonomy by Ethington and Schu-
macher (1969, p. 455-456) and has been described
in multielement taxonomy by Carnes (1975, p.
117-120) and Sweet (1981, p. 79-81). Specimens
recovered in this study are consistent with those
detailed descriptions.

Belodina monitorensis is sparsely represented
in the McLish and Tulip Creek Formations.
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Text-figure 5. Comparison of corresponding skeletal elements of Belodella. Elements of a single apparatus are arranged
horizontally (from left to right: geniculate coniform, biconvex, planoconvex, and triangular elements). A, apparatus of B.
jemtlandica (after Lofgren, 1978). B, apparatus of B. sp. cf. B. jemtlandica (this report). C, apparatus of B. robusta
Ethington and Clark. D, apparatus of B. nevadensis (after Ethington and Schumacher, 1969).

Among the 47 recovered elements, grandiform
elements are most common; nearly all exhibit
marked asymmetry.

Occurrence.—Belodina monitorensis was found
from a level near the middle of the McLish For-
mation (210 ft above the base of the section) to a
level near the top of the Tulip Creek Formation.
Other North American occurrences are in the
Copenhagen Formation of central Nevada
(Ethington and Schumacher, 1969, p. 455-456);
the Pratt Ferry Formation of Alabama (Sweet and
Bergstrom, 1962, p. 1224 [= B. grandis]); the
Holston Formation, Lenoir Limestone, Sevier
Shale, and Chota Formation of Tennessee
(Carnes, 1975; Bergstrom and Carnes, 1976, p.
48-49); the Woods Hollow Shale of Texas (Berg-
strom, 1978); the Antelope Valley Limestone of
Nevada (Harris and others, 1979, p. 10); and the
Chickamauga Limestone of Georgia and Alabama
(Schmidt, 1982, p. 119-120).

Collection.—47 specimens (9 geniculate con-
iform, 11 compressiform, 26 asymmetrical grandi-
form, 1 symmetrical grandiform).

Figured specimens.—OSU 37198-37200, inclu-
sive.

Genus Bryantodina Stauffer, 1935

Type species—Bryantodina typicalis Stauffer,
1935.

“Bryantodina” sp.
Pl. 1, Fig. 6

Description.—From a small number of recov-
ered specimens, apparatus appears to be uni-
membrate, composed of a carminate pectiniform
element. Basal cavity narrow, shallow, and ex-
pands variably near midlength; base hyaline; den-
ticles erect and fused through most of their length.
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White matter within individual denticles discrete
from that of other denticles.

Remarks.—If the skeletal apparatus is unimem-
brate, consisting only of bladelike elements, it
may be related to that of Jumudontus gananda
Cooper (1981, p. 170-172), a widely distributed
Lower Ordovician conodont. The element of
“Bryantodina” sp. differs most notably from that
of J. gananda by having erect rather than ante-
riorly inclined denticles.

“Bryantodina” sp. is similar to Histiodella n. sp.
2 Harris and others (1979, pl. 4, figs. 12,13) in
overall morphology. The skeletal apparatus of
both species appears to consist of a bladelike ele-
ment with fused denticles and a basal expansion
near midlength. However, elements of “B.” sp.
differ from those of Histiodella by having white
matter restricted to individual denticles and sepa-
rate from that of adjacent denticles. Blades of His-
tiodella skeletal elements are entirely albid.

The assignment of forms discussed here to
“Bryantodina” is based strictly on morphology of
the single skeletal element. Bryantodina has a
multimembrate apparatus, as suggested by We-
bers (1966, p. 49-52), and therefore probably is not
closely related to “B.” sp.

“Bryantodina” sp. occurs in strata containing -

elements referable to Neomultioistodus, Para-
prioniodus, and Histiodella n. sp. 2. That interval
is assumed to contain reworked fossils. Specimens
of “B.” sp. are fragmentary.

Occurrence—"Bryantodina” sp. is represented
at horizons 66 and 67 ft above the base of the
section.

Collection.—22 specimens.

Figured specimen.—OQSU 37201.

Genus Cahabagnathus Bergstrom, 1983
Petalognathus DRYGANT, 1974.

Type species.—Polyplacognathus sweeti Berg-
strom, 1971.

Remarks.—The following species belonging to
Cahabagnathus are described according to process
designations in Bergstrém (1983, p. 51). However,
illustrated pastiniplanate elements have not been
reoriented. Consequently, the anterior process is
directed horizontally and the posterior downward
in all illustrations of pastiniplanate elements of
Cahabagnathus.

Cahabagnathus chazyensis Bergstrom, 1983
Pl 4, Fig. 15

Cahabagnathus chazyensis BERGSTROM, 1983, p. 54, fig.
6M-P (includes synonymy to date).

Remarks—One pastiniplanate (ambalodonti-
form) element from near the top of the Tulip Creek
(sample 82JA-684) shows a gap in the main denti-

cle row formed at the proximal part of the anterior
process. That character is indicative of Cahaba-
gnathus chazyensis. No stelliplanate element was
found in association with the pastiniplanate ele-
ment.

Collection.—One specimen.

Figured specimen.—QSU 37268.

Cahabagnathus friendsvillensis
(Bergstrom, 1971)
Pl 4, Figs. 7,11

Polyplacognathus friendsvillensis BErRGsTROM, 1971, p.
142-143,pl. 1, figs. 3,4, text-fig. 14; TIPNIS AND OTHERS,
1978, pl. IX, figs. 1,3,5; HARRIS AND OTHERS, 1979, pl. 2,
figs. 16,17; Dzik, 1983, fig. 8-4.

Remarks.—Bergstrom’s (1971) description of
Cahabagnathus friendsvillensis (= Polyplaco-
gnathus friendsvillensis of that report) is adequate
for specimens recovered from the McLish and
Tulip Creek.

Occurrence—Cahabagnathus friendsvillensis
was found between 377 and 649 ft above the base
of the section. C. friendsvillensis also has been
reported from the Lenoir Limestone of eastern
Tennessee (Bergstrom, 1971,1973c; Bergstrém
and Carnes, 1976, p. 48); Day Point Formation of
the Chazy Group of New York and Vermont (Rar-
ing, 1972, p. 113-116); St. Dominique Limestone
of Quebec (Roscoe, 1973, p. 90-91); Row Park
Limestone and Pinesburg Station Dolomite of
West Virginia (Boger, 1976, p. 106-107); Road
River Formation, southern District of Mackenzie,
Canada (Tipnis and others, 1978); Antelope Val-
ley Limestone of Nevada (Harris and others,
1979); and Lenoir Limestone of Georgia and Ala-
bama (Schmidt, 1982, p. 169-170).

Collection.—40 specimens (13 stelliplanate, 27
pastiniplanate)

Figured specimens.—OSU 37266 and 37267.

Cahabagnathus directus n. sp.
Pl 4, Figs. 6,10,13

Cahabagnathus n. sp. A, BERGsTROM, 1983, p. 53, fig.
6Q,R.

Diagnosis.—The pastiniplanate (ambalodonti-
form) element of Cahabagnathus directus differs
from that of other closely related forms by having
a combination of a straight denticle row on the
anterior process and a relatively wide, rounded
posterior process.

Description.—Apparatus bimembrate, com-
posed of pastiniplanate and stelliplanate (polypla-
cognathiform) pectiniform elements. Pastinipla-
nate element has wide, rounded posterior process
with centrally located row of short denticles ex-
tending to a point near the distal margin; anterior
process triangular in outline with row of denticles
straight and continuous with that of the posterior
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process; lateral process short with curved row of
few short denticles.

Stelliplanate element similar to that of Caha-
bagnathus friendsvillensis. Posterior process re-
latively long and wide; posterolateral process
short, wide, triangular to rhomboidal in outline,
bears relatively large denticles; anterolateral
process bifid with short anterior lobe and long
posterior lobe equal in length to the posterior
process.

Remarks.—The pastiniplanate element of
Cahabagnathus directus differs from that of C.
friendsvillensis in having a wide, rounded poste-
rior process and a straight denticle row on the
anterior process. The general outline of the ele-
ment is similar to that of comparable elements of
C. sweeti, but the denticulation patterns are quite
different. Most notably, the main denticle row of
pastiniplanate elements of C. directus is con-
tinuous, whereas that of similar elements of C.
sweeti has a gap near the proximal part of the
anterior process (Bergstrom, 1971, p. 143). The
stelliplanate element of C. directus is very similar
to that of C. friendsvillensis.

Derivation of name.—Specific name is from the
Latin directus (straight) and refers to the charac-
ter of the denticle row on the anterior process.

Occurrence.—Cahabagnathus directus was
found 321-375 ft above the base of the section
(upper McLish).

Collection.—177 specimens (48 pastiniplanate,
29 stelliplanate).

Figured specimens.—OSU 37270 (holotype),
OSU 37269, 37271 (paratypes).

Cahabagnathus sp.
Pl. 4, Figs. 8,9

Description.—Apparatus consists of pastini-
planate and stelliplanate pectiniform elements.
Pastiniplanate element has subequal anterior and
posterior processes. Main denticle row extends
continuously from the anterior to posterior proc-
ess. Lateral process short. Element lacks conspic-
uous nodes and ridges.

Stelliplanate element has anterior, posterior,
posterolateral, and anterolateral processes. Ele-
ment similar to corresponding element of Caha-
bagnathus friendsvillensis but lacks bifid antero-
lateral process. .

Remarks.—Available specimens of Cahaba-
gnathus sp. are few and small and most are
broken. Examined forms appear to represent
either a species closely related to or a developmen-
tal stage of C. friendsuillensis, although they lack
the distinct node and ridge ornamentation (C. sp.
does have a reticulated pattern of ornamentation)
and the bifid anterolateral process characteristic
of the stelliplanate element of C. friendsvillensis.

Occurrence—Between 158 and 260 ft in the sec-
tion (middle McLish).

Collection.—45 specimens (39 pastiniplanate, 6
stelliplanate).

Figured specimens.—OSU 37272 and 37273.

Genus Coleodus Branson and Mehl, 1933a

Type species.—Coleodus simplex Branson and
Mehl, 1933a.

Coleodus? sp.
Pl 1, Fig. 7

Remarks.—One fragment of a hyaline bladelike
form was recovered. Generic determination can-
not be confidently made.

Occurrence.—Coleodus? sp. was found in a sam-
ple 123 ft above the base of section.

Collection.—One specimen.

Figured specimen.—OSU 37202.

Genus Dapsilodus Cooper, 1976

Type species.—Distacodus obliquicostatus Bran-
son and Mehl, 1933.

Dapsilodus? nevadensis
(Ethington and Schumacher, 1969)
Pl 1, Figs. 11,12

Acontiodus nevadensis ETHINGTON AND {SCHUMACHER,
1969, p. 450,452, pl. 67, figs. 21,22, text-fig. 4C.

Dapsilodus? nevadensis (Ethington and Schumacher).
ErHiNGTON AND CLARK, 1982, p. 35, pl. 3, fig. 1 (in-
cludes synonymy).

Dapsilodus compressus n. sp. AN TAI-XIANG AND OTHERS,
1983, p. 90, pl. XXVI, figs. 10-14, text-fig. 12 (nos.
13-15).

Besselodus sp. Dzik, 1983, fig. 4-8.

?Distacodus variabilis WEBERS, 1966, p. 28, pl. 2, figs.
15-17.

Description.—Three specimens recovered from
the Tulip Creek Formation appear to be repre-
sentatives of Dapsilodus? nevadensis. Those speci-
mens are nongeniculate coniform elements that
are laterally compressed and sharply keeled pos-
teriorly. The basal cavity is deep and triangular in
lateral profile.

Two of the specimens are distacodontiform and
bear symmetrically disposed lateral costae. The
third specimen is scandodontiform and has a
slightly twisted cusp and no observable lateral
costae.

Remarks—Cooper (1976, p. 211) described the
skeletal apparatus of Dapsilodus, which consists
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of acodontiform elements and a series of distaco-
dontiform elements. Scandodontiform and dis-
tacodontiform elements are represented in the
apparatus of D.? nevadensis. The presence of a
lateral costa on the scandodontiform element
would make the apparatus of D.? nevadensis (as
presently known) conform to Cooper’s (1976) def-
inition of Dapsilodus.

Aldridge (1982, p. 425-430) reported a fused
cluster of Upper Ordovician conodont elements
including elements identified as Dapsilodus. He
referred those elements to a new genus, Besselo-
dus. From the material described herein, it cannot
be resolved whether the Middle Ordovician appa-
ratus is similar to Aldridge’s Besselodus.

Dapsilodus? nevadensis was recognized from
the Copenhagen Formation of Nevada (Acon-
tiodus nevadensis and Distacodus aff. D. big-
doeyensis of Ethington and Schumacher, 1969, p.
450,452,460-461). Ethington and Clark (1982)
later reported D.? nevadensis from the Crystal
Peak Dolomite of Utah and noted the equivalence
of that species with the one from the Copenhagen
Formation. Dzik (1983, p. 68) reported D.?
nevadensis (= Besselodus sp.) from the Mountain
Lake Member of the Bromide Formation.

Carnes (1975, p. 104-106) and Schmidt (1982,
100-106) reported specimens in their collections
that appear to be the same as D.? nevadensis. Both
authors referred their specimens to “Acodus”
variabilis, citing Webers’s (1966) Distacodus
variabilis as an identical form. If Carnes and
Schmidt are correct in their comparisons with D.
variabilis, then the specific designation given here
is in error.

Occurrence—This species is represented at 534
ft above the base of the section, approximately 175
ft below the Tulip Creek—Bromide contact.

Collection.—3 specimens (2 distacodontiform, 1
scandodontiform).

Figured specimens.—OSU 37203 and 37204.

Genus Drepanoistodus Lindstrom, 1971

Type species.—Qistodus forceps Lindstrom,
1955.

Drepanoistodus angulensis (Harris, 1962)
Pl 1, Figs. 18-21

Oistodus angulensis HARRIS, 1962, p. 199-201, pl. 1, figs.
la—c.

Drepanoistodus angulensis (Harris). ETHINGTON AND
CLarg, 1982, p. 4142, pl. 3, figs. 18-21 (includes
synonymy through 1981); Dzix, 1983, fig. 4-12.

Remarks.—As noted by Ethington and Clark
(1982), the most diagnostic element of Drepanois-
todus angulensis is the geniculate coniform ele-
ment. It differs from the corresponding elements

of D. forceps (Lindstrém) and D. basiovalis
(Sergeeva) by having a “relatively short posterior
base” (Ethington and Clark, 1982, p. 42). The dif-
ferences between the geniculate coniform element
of D. angulensis and that of D. suberectus are
much more subtle. The angle enclosed by the pos-
terior margin of the cusp and the upper basal
surface is generally smaller in the geniculate con-
iform element of D. angulensis than in that of D.
suberectus, as noted by Ethington and Clark
(1982).

Occurrence.—Drepanoistodus angulensis was
found at 66 and 67 ft above the base of the section.
That interval contains representatives of Neomul-
tioistodus compressus and associated species.
Ethington and Clark (1982) reported occurrences
of D. angulensis in the Lehman Formation,
Kanosh Formation, and lower Watson Ranch
Quartzite of Utah. Other occurrences include the
Joins (Harris, 1962; Mound, 1965b) and Oil Creek
(Dzik, 1983) Formations of Oklahoma; and the
Fort Pena Formation of Texas (Graves and Elli-
son, 1941; Bradshaw, 1969).

Collection.—66 specimens (16 geniculate con-
iform, 14 homocurvatiform, 20 suberectiform, 16
scandodontiform).

Figured specimens.—OSU 37205-37208, inclu-
sive,

Drepanoistodus suberectus
(Branson and Mehl)
Pl 1, Figs. 15-17,22

Oistodus suberectus BRANSON aND MEHL, 1933b, p. 111,
pl. 9, fig. 7.

Drepanodus suberectus (Branson and Mehl). BERGSTROM
AND SweET, 1966, p. 330-333, pl. 35, figs. 22-27;
OBERG, 1966, p. 137—138, pl. 16, fig. 1; GLOBENSKY AND
JAUFFRED, 1971, p. 55, pl. IV, figs. 3—6 (synonymy
through 1969); Uveno, 1974, p. 14, pl. 1, figs. 5-9
(synonymy through 1973).

Drepanodus homocurvatus Lindstrom. OBERG, 1966, p.
137, pl. 16, fig. 13; ANDREWS, 1967, p. 889, pl. 113, fig.
16, pl. 114, figs. 8,15.

Oistodus inclinatus Branson and Mehl. OBErG, 1966, p.
139, pl. 15, fig. 3; ANDREWS, 1967, p. 895, pl. 114, fig.
19; ETHINGTON AND SCHUMACHER, 1969, p. 467, pl. 68,
fig. 7.

Oistodus excelsus Stauffer. Oera, 1966, p. 139, pl. 15,
fig. 2.

Drepanoistodus suberectus (Branson and Mehl). BarnEs,
1977, p. 106, pl. 3, figs. 18-20; TIPNIS AND OTHERS,
1978, pl. 1, figs. 25-27; BoLToN AND NoOwLAN, 1979, p.
18, pl. 7, figs. 11,15,16; Sweet, 1979, fig. 7, nos.
21,23,30; NowLaN anD Barnes, 1981, p. 12-13, pl. 4,
figs. 17-19 (includes synonymy) SweeT, 1982, pl. 1,
figs. 7,8,11,18,19; Dzik, 1983, figs. 4-10, 4-11.

Remarks.—The skeletal apparatus of Drepa-
noistodus suberectus consists of inclinatiform,
suberectiform, and homocurvatiform elements
according to Bergstréom and Sweet (1966). Carnes
(1975, p. 129-132) divided homocurvatiform ele-
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ments into three distinct, intergradational forms
based on the character of the base.

Occurrence.—Elements of Drepanoistodus sub-
erectus are common throughout the McLish and
Tulip Creek.

Collection.—825 specimens (554 homocurvati-
form, 111 suberectiform, 114 inclinatiform, 46 in-
determinate).

Figured specimens.—OSU 37209-37212, inclu-
sive.

Genus Eoplacognathus Hamar, 1966

Type species—Ambalodus lindstroemi Hamar,
1964.

Eoplacognathus sp.
Pl 2, Figs. 1,24

Eoplacognathus foliaceus (Féhraeus)-E. reclinatus
Fahraeus transition HARRIS AND OTHERs, 1979, pl. 2,
figs. 6,7, BErRGSTROM, 1983, p. 42, fig. 2.

Description.—Skeletal apparatus composed of
stelliplanate (polyplacognathiform) and pastini-
planate (ambalodontiform) pectiniform elements.
Stelliplanate element has wide, distally pointed
posterior process; short, triangularly shaped
anterior process; and bifid anterolateral process
with long, sinuous posterior lobe and short ante-
rior lobe.

Dextral pastiniplanate element has relatively
long, distally pointed anterior process; wide, sub-
rounded posterior process; and relatively narrow,
distally pointed lateral process; angle between
margins of posterior and lateral processes is ~ 90°.
Sinistral form like dextral form, except angle be-
tween margins of posterior and lateral processes
approaches 180°.

Discussion.—Elements of Eoplacognathus sp.
are very similar to the forms figured by Harris and
others (1979), which they termed typical of the E.
foliaceus—E. reclinatus transition. The stellipla-
nate element of E. sp. differs from those of E.
foliaceus and E. reclinatus in the character of the
posterolateral and anterolateral processes.

In Eoplacognathus sp., the denticle row on the
posterolateral process of the stelliplanate element
is directed posteriorly at an acute angle to the
denticle row on the posterior process. The corre-
sponding denticle row on the stelliplanate ele-
ment of E. foliaceus and E. reclinatus is directed
laterally, and in E. reclinatus the row is shortened.

The posterior lobe of the bifid anterolateral
process observed in the stelliplanate element of
Eoplacognathus sp. has an anterior curved row of
denticles. The corresponding lobe in E. foliaceus
and E. reclinatus has a nearly straight denticle
row. There is also a slight difference between E.
sp. and the other two forms in the curvature of the
main denticle row.

The pastiniplanate elements of Eoplacognathus
sp. are similar to those of E. foliaceus. The sinis-
tral pastiniplanate element of the E. foliaceus—E.
reclinatus transition has a slightly more sinuous
row of denticles on the anterior process than in E.
sp. The sinistral pastiniplanate element of E. sp.
figured in this report appears to represent a mor-
photype more closely associated to E. foliaceus.

Remarks.—Harris and others (1979, p. 29)
noted that the Eoplacognathus foliaceus—E. recli-
natus transition may be a very significant guide to
the lower Chazyan.

Occurrence—FEoplacognathus sp. was found in
the McLish Formation between 81 and 117 ft
above the base of the section. Harris and others
(1979) noted occurrences of the E. foliaceus-E.
reclinatus transition in a 5-m interval above the
MecLish sandstone of Oklahoma and in the upper
15 m of the Antelope Valley Limestone of Nevada.
Other occurrences of the transition are in the low-
er Day Point Formation (Chazy Group) of New
York (Raring, 1972, p. 77-80 [ =E.n. sp.]), and the
Lenoir Limestone of Tennessee (E. joliaceus of
Bergstrém, 1973c¢ as noted by Harris and others,
1979, p. 29).

Collection.—15 specimens (7 stelliplanate, 8
pastiniplanate).

Figured specimens.—OSU 37213-37215, inclu-
sive.

Genus Erismodus Branson and Mehl, 1933a

Erismodus BraNsoN aND MEHL, 1933a, p. 25.
Microcoelodus Branson and Mehl, 1933b, p. 89.
Pteroconus BraNsoN aAND MEHL, 1933a, p. 99.
Ptiloconus SwEET, 1955, p. 245-246.

Type species.—Erismodus typus Branson and
Mehl, 1933a.

Discussion.—Carnes (1975, p. 138-141) and
Sweet (1982, p. 1040) recognized seven elements
in the reconstructed skeletal apparatus of Erismo-
dus. Those seven elements included digyrate
(prioniodiniform) Pa, digyrate (oulodontiform) Pb,
bipennate (modified falodontiform) M with an
adenticulate posterior process, alate (tricho-
nodelliform) Sa, tertiopedate (asymmetrical
trichonodelliform) Sba, digyrate (zygognathi-
form) Sbb, and bipennate (eoligonodiniform) Sc
elements. Sweet (1982) concluded that the M ele-
ment was probably most characteristic of the
apparatus.

Chirognathus Branson and Mehl, Oulodus
Branson and Mehl, and Erraticodon Dzik have
skeletal apparatuses that are very similar to that
of Erismodus. Sweet (1982, p. 1039-1040) dis-
cussed similarities and differences between Eris-
modus and Chirognathus.

The skeletal elements of Erismodus, despite
being hyaline and fibrous, are very similar to
those of Oulodus, as noted by Sweet and Schon-
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laub (1975, p. 44). The Oulodus apparatus consists
of six elements, compared to seven in the Erismo-
dus apparatus. Division of the Sb position of the
latter into Sba and Sbb positions accounts for that
difference. Distinction between the two appa-
ratuses based on the number of elements may be
somewhat artificial, because the S elements are a
series of gradational forms subject to arbitrary
classification. The focus, therefore, probably
should be directed to the M position, as suggested
by Sweet (1982).

The M element of Oulodus is dolabrate or bipen-
nate and has a well-developed posterior process.
The M element of Erismodus is bipennate, yet
only the anterior process of described species is
developed and denticulate. Other corresponding
elements of Oulodus and Erismodus, including
the characteristic digyrate Pb element, are very
similar.

Dzik (1978, p. 64-66) described the skeletal
apparatus of Erraticodon and included five ele-
ments in his reconstruction. That apparatus does
not appear to be complete, as elements referable to
the P position are missing. Cooper (1981, p. 164—
166) emended the diagnosis of Erraticodon, in-
cluding pastinate-like Pa and digyrate Pb ele-
ments and excluding one element from the sym-
metry-transition series (Sbb). The apparatus of
Erraticodon as interpreted in this report has seven
elements including the Sbb element.

The symmetry-transition series of Erraticodon
is similar to that of Erismodus and Oulodus.
However, the Sa element of Erraticodon has a
well-developed, denticulate posterior process,
whereas the other two genera have no observable
development of that process. The M element of
Erraticodon is similar to that of Oulodus, but dif-
fers from that of Erismodus in having a developed
posterior process. The Pa element of Erraticodon
is pastinate-like with three processes, whereas Pa
elements of Oulodus and Erismodus are digyrate
with two processes. Pb elements are similar in all
three genera.

Erismodus arbucklensis n. sp.
Pl. 2, Figs. 3,5,7-9,11,12

Diagnosis.—Species distinguished from con-
generic taxa by having an Sa element with a
markedly compressed cusp and S elements with
widely spaced, marginally costate denticles com-
pressed anteroposteriorly.

Description.—Apparatus composed of seven
types of hyaline elements. Sa element alate; cusp
long, recurved, compressed laterally, bearing
anterior and anterolateral costae and posterior
keel which extends to basal margin. Anterolateral
costae produced into symmetrically disposed proc-
esses bearing a few widely spaced denticles of vari-
able length. Processes and denticles compressed
anteroposteriorly. Sba element like Sa, but proc-

esses not symmetrically disposed and posterior
keel does not extend to basal margin.

Sbb element digyrate; cusp smooth posteriorly
and anteriorly, costate laterally. One lateral proc-
ess directed posteriorly, the other anteriorly and
downward. Denticulation on processes like that of
Sa element.

Sc element bipennate; cusp keeled anteriorly
and posteriorly. Posterior process has short, wide-
ly spaced denticles; anterior process short, weakly
denticulate, and laterally deflected.

Pa element digyrate; cusp costate laterally.
Lateral processes turned slightly posteriorly; each
bears long, thin, closely spaced, keeled denticles.
Pb element digyrate; cusp erect; lateral processes
twisted in opposite directions, one directed down-
ward. M element bipennate; anterior process
short, bearing small, closely spaced denticles;
posterior process short and adenticulate.

Remarks.—Elements of this species are small
and delicate; consequently, they are difficult to
compare to the more robust forms of E. quadridac-
tylus (Stauffer). As noted by Sweet (1982, p. 1041),
the skeletal elements of E. quadridactylus are dis-
tinguishable from those of other Erismodus spe-
cies by having “slender, marginally costate denti-
cles, which are compressed in the planes of the
processes that bear them.”

The skeletal apparatus of Erismodus arbuck-
lensis is similar to that of E. quadridactylus.
However, the Sa element of E. arbucklensis differs
by having a more compressed cusp. Futhermore, S
elements of E. arbucklensis have more widely
spaced, generally shorter denticles than those of
E. quadridactylus.

Comparison of Erismodus arbucklensis with E.
asymmetricus (Branson and Mehl) is difficult be-
cause descriptions of the latter by Branson and
Mehl (1933), Andrews (1967), and Ethington and
Clark (1982, p. 43-44) do not include all corre-
sponding elements described in this report.
However, Andrews (1967, p. 893-894) observed
that the denticles of form-species E. asymmetricus
(Sb? element) and E. symmetricus (Sa element)
are round in cross section. By comparison, the
denticles of corresponding elements of E. arbuck-
lensis are compressed and laterally costate.

M elements of Erismodus arbucklensis are rare
in the present material. The element is a small,
conical form and may have been lost during
sieving.

Derivation of name—Specific name refers to the
Arbuckle Mountains of south-central Oklahoma.

Occurrence.—Erismodus arbucklensis was
found between 123 and 484 ft above the base of the
section.

Collection.—98 specimens (12 Pa, 14 Pb, 2 M, 6
Sa, 13 Sba, 22 Sbb, 29 Sc).

Figured specimens.—OSU 37218 (holotype),
37216, 37217, 37219, 37220, 37221, 37222 (para-
types).
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Genus Erraticodon Dzik, 1978

Type species.—Erraticodon balticus Dzik, 1978.

Remarks.—The discussion of Erismodus in-
cludes a comparison of Erraticodon with Erismo-
dus and Oulodus.

Erraticodon sp. cf. E. balticus Dzik, 1978
Pl 2, Figs. 10,13-18; Text-fig. 6A-B

cf. Erraticodon balticus Dzik, 1978, p. 66, pl. 15, figs.
1-3,5,6, text-fig. 6.

cf. “Fibrous” conodont-elements SWEET AND BERGSTROM,
1962, p. 1249-1250, pl. 169, figs. 2,5,10,13,15,16 (not
fig. 1).

cf. Phragmodus? sp. n. FAHRAEUS, 1966, pl. 3, figs. 12a,b.

cf. “Fibrous conodont” FAHRAEUS, 1966, pl. 4, figs. 6a—8b.

cf. “Chirognathus” sp. ViIra, 1974, pl. 11, figs. 15,21,22.

cf. “Cordylodus” sp. Sweet and Bergstrom. REPETSKI AND
ETHINGTON, 1977, p. 99.

cf. "Tvaerenognathus” sp. REPETSKI AND ETHINGTON,
1977, p. 100, pl. 2, fig. 6.

cf. Ptiloconus strachanognathoides s.f. Moskalenko. T1p-
NIS AND OTHERS, 1978, pl. V|, figs. 16,19.

cf. Erraticodon sp. HARRIS AND OTHERS, 1979, pl. 3, figs.
1-5.

cf. Erraticodon aff. E. balticus Dzik. ETHINGTON AND
CLARK, 1982, p. 45, pl. 4, figs. 15,17,23,24.

cf. ?Erraticodon balticus Dzik. SToUGE, 1984, p. 84-85,
pl. 17, figs. 9-19.

Description.—Apparatus septimembrate. Sa
element alate; cusp long, gently recurved, with
faint lateral and posterior costae. Lateral costae
produced into short, slightly anteriorly directed
processes bearing one long, anteroposteriorly
compressed denticle. Posterior costa produced into
a process bearing a number of discrete denticles.

Sba elements tertiopedate. One lateral process
extends from a point near anterior margin of cusp
and is gently arched downward; other lateral proc-
ess extends from more medial position on cusp and
is directed downward much more conspicuously;
each process has a series of long slender denticles.
Posterior process long, arched, bearing long, pos-
teriorly inclined denticles.

Sbb elements bipennate; cusp has faint anterior
and posterior costae. Anterior costa produced into
short denticulate process directed anteriorly and
downward; posterior process short, bears slender
discrete denticles and, in at least one specimen,
has prominent denticle nearly as large as cusp. Sc
elements like Sbb, except anterior process reduced
to short, laterally deflected, adenticulate knob.

M elements dolabrate; cusp keeled anteriorly
and posteriorly. Anterior keel straight or flexed
slightly inward; posterior keel produced as short
process bearing discrete, laterally compressed de-
nticles. Cusp and denticles bent slightly to one
side and smoothly curved posteriorly.

Pa elements pastinate-like; posterior process(?)
long, denticulate, and inwardly deflected; anterior
process short, with one or two small denticles.
Lateral process very short, adenticulate, and lo-
cated on inner side of element.

Pb element digyrate; basal cavity very shallow;
cusp erect, with circular cross section. Lateral
processes deflected in opposite directions, one
shorter and more weakly denticulated than the
other. All elements are hyaline.

Remarks.—The apparatus of Erraticodon balti-
cus was described by Dzik (1978). In his recon-
struction, he recognized trichonodelliform, plec-
tospathodontiform, ozarkodiniform, hindeodelli-
form, and neoprioniodontiform elements, which
correspond to the Sa, Sba, Sbb, Sc, and M ele-
ments, respectively, of this report. Although the P
elements of E. balticus were not figured by Dzik,
the similarity of those described here to remaining
elements of the E. balticus apparatus indicates
that they are very closely associated to other forms
of Erraticodon in my samples. The large posterior
denticle of Sa, Sbb, and Sc elements of typical E.
balticus was recognized in only one specimen of
Erraticodon from the McLish and Tulip Creek.

Cooper (1981, p. 166-168) described Erratico-
don patu from the Horn Valley Siltstone of Aus-
tralia. The apparatus of E. patu differs from that of
E. sp. cf. E. balticus by having a Pa element with
three well-developed, denticulated processes and
an M element with a small denticle anterior to the
cusp (Text-fig. 6). Cooper’s (1981) description of E.
patu alse excludes the Sbb element described in
this report.

The collection of Erraticodon from the McLish
and Tulip Creek is small and scattered. Recon-
struction of the apparatus was facilitated by ex-
amining Erraticodon from samples collected from
the McLish and Tulip Creek by Sweet, Bergstrom,
and Jaanusson in 1972. Some of those specimens
are figured in this report because of their better
preservation.

Occurrence.—Erraticodon sp. cf. E. balticus is
represented throughout the McLish and Tulip
Creek section (81-639 ft above the base). Similar
forms have been reported from the Womble Shale
of Arkansas (Repetski and Ethington, 1977); the
Pratt Ferry Formation of Alabama (Sweet and
Bergstrom, 1962); the Eureka Quartzite and
Copenhagen Formation of Nevada (Harris and
others, 1979); the Sunblood Formation of the
southern District of Mackenzie (Tipnis and others,
1978); the Lehman Formation, Watson Ranch
Quartzite, and Crystal Peak Dolomite of Utah
(Ethington and Clark, 1982); and the Table Head
Formation of Newfoundland (Stouge, 1984).

Collection.—42 specimens (5 Pa, 6 Pb, 7M, 1 Sa,
7 Sbha, 8 Sbb, 8 Sc).

Figured specimens.—OSU 37223-37229, inclu-
sive.
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Text-figure 6. Comparison of Pa and M elements of Erraticodon sp. cf. E. balticus (A and B, respectively) and E. patu (C

and D, respectively), after Cooper (1981).

Genus Histiodella Harris, 1962

Type species.—Histiodella altifrons Harris,
1962.

Histiodella n. sp. 2 Harris and others, 1979
Pl 2, Fig. 6

Histiodella n. sp. 2 HARRIS AND OTHERS, 1979, pl. 4, figs.
12,13.

Description.—Element bears five denticles
anterior to and six posterior to relatively large,
bladelike cusp. Cusp and denticles fused for most
of their length and inclined posteriorly except for
three anteriormost denticles.

Discussion.—Ontogeny, phylogeny, and appa-
ratus reconstruction of Histiodella have been dis-
cussed in depth by McHargue (1982, p. 1410-

1433). In his reconstruction, six elements are in-
cluded in the apparatus. The bryantodontiform
(= carminate pectiniform) element is most
diagnostic.

Ethington and Clark (1982, p. 47—48) described
Histiodella holodentata from the Pogonip Group of
Utah. In their remarks, they compared H.
holodentata to H. n. sp. 2. The carminate element
of the unnamed species differs from that of H.

“holodentata in “having a strongly developed basal

shoulder along the length of the blade” and “a
laterally directed knob or lip that projects from the
lateral shoulder at midlength” (Ethington and
Clark, 1982, p. 48). McHargue (1982, p. 1412) in-
cluded a geniculate coniform element in his recon-
struction of Histiodella, but Ethington and Clark
(1982) asserted that no geniculate coniform ele-
ment is associated with H. holodentata or H. n. sp.
2.

The carminate pectiniform element of His-
tiodella n. sp. 2 recovered from the McLish has a
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pronounced shoulder but does not have the strong-
ly developed, laterally projecting lip characteris-
tic of carminate elements of H. n. sp. 2. Conse-
quently, I assign this element to H. n. sp. 2 with
some reservation. The presence of only one ele-
ment in my collection increases the uncertainty of
the assignment.

Occurrence—Histiodella n. sp. 2 occurs 67 ft
above the base of the section along with elements
of Neomultioistodus, Paraprioniodus, and Scan-
dodus? Harris and others (1979) reported H. n. sp.
2 from the Antelope Valley Limestone of Nevada.

Collection.—One specimen.

Figured specimen.—OSU 37230.

Genus Leptochirognathus
Branson and Mehl, 1943

Type species.—Leptochirognathus quadrata
Branson and Mehl, 1943.

Remarks.—Branson and Mehl (1943, p. 377) de-
scribed elements of Leptochirognathus as pal-
mate, fibrous conodonts with thin, sharp-edged
denticles. Eight form-species were recognized on
the basis of differences in denticulation and sym-
metry.

Elements of Leptochirognathus recovered from
the McLish—Tulip Creek section are few and frag-
mentary. However, one sample (82JA-260)
yielded forms that appear to be part of a symme-
try-transition series of at least three elements.

In this report, elements of Leptochirognathus
are oriented as suggested by Branson and Mehl
(1943), with one exception. The inclined denticles
are herein considered to be directed posteriorly
rather than anteriorly.

Leptochirognathus quadratus
Branson and Mehl, 1943
Pl. 2, Figs. 19-21; Text-fig. 7TA-C

Leptochirognathus quadrata BRANSON AND MEHL, 1943,
p. 378-379, pl. 63, figs. 23-28.

Leptochirognathus prima BrRaNsoN aND MEHL, 1943, p.
378, pl. 63, figs. 29-35.

Leptochirognathus gracilis BRANSON aND MEHL, 1943, p.
3717, pl. 63, figs. 39,40.

Leptochirognathus quadratus Branson and Mehl. BErG-
sTROM, 1978, pl. 79, fig. 11.

Leptochirognathus cf. L. gracilis s.f. Branson and Mehl.
TIPNIS AND OTHERS, 1978, pl. V, fig. 26.

Leptochirognathus cf. L. tridactylus Branson and Mehl.
TIPNIS AND OTHERS, 1978, pl. V, fig. 27.

Emended diagnosis.—A species of Leptochiro-
gnathus with a skeletal apparatus consisting of at
least three types of morphologically gradational
elements, each having four denticles. Elements
are distinguished by their degree of symmetry
about a plane perpendicular to the plane bearing
the denticles.

Description.—Apparatus trimembrate, consist-
ing of nearly symmetrical (quadratiform), asym-

metrical (primadontiform), and markedly asym-
metrical (graciliform) palmate elements with four
compressed denticles. Quadratiform element has
slightly flaring, shallowly excavated base; denti-
cles subequal, sharp-edged, with carinate inner
side and smooth outer side. Anterior and posterior
denticles form right angle; remaining two denti-
clesinclined at about 30° and 60° to anterior denti-
cle. Primadontiform element like quadratiform
element, except two intermediate denticles are
inclined posteriorly at greater angles. Graciliform
element has posteriorly elongated basal cavity ex-
tending nearly the length of posteriormost den-
ticle; three posterior denticles are long and sub-
parallel to basal margin (Text-fig. 7).

Remarks.—The three skeletal elements of Lep-
tochirognathus quadratus described in this report
resemble form species L. quadratus, L. prima, and
L. gracilis described by Branson and Mehl (1943,
p. 377-379)—hence the terms quadratiform, pri-
madontiform, and graciliform. The figured speci-
mens are small, delicate forms. More-robust ele-
ments which appear to be representative of the
same species show greater variability and distor-
tion of features.

The basal cavity of the quadratiform element of
Leptochirognathus quadratus is similar to that of
forms described as L. semiflorealis Branson and
Mehl. However, L. semiflorealis has five denticles,
compared to four in quadratiform elements.

The skeletal apparatus of Leptochirognathus n.
sp. Harris and others (1979, pl. 1, figs. 16-18)
consists of three elements homologous with those
of L. quadratus. Elements of that species, howev-
er, have only three denticles.

Rexroad and others (1982, p. 8) reported Lep-
tochirognathus quadratus from the Everton Dolo-
mite of southwestern Indiana. Figures of elements
in that skeletal apparatus show from three to five
denticles. It cannot be postulated from the few
examined specimens from the McLish—Tulip
Creek section whether the number of denticles is
significant in species determination.

Occurrence.—Leptochirognathus quadratus was
found between 210 and 499 ft in the section. Other
reported occurrences include the Dutchtown
Formation of Missouri (Branson and Mehl, 1943);
Woods Hollow Shale of Texas (Bergstrom, 1978);
Pinesburg Station Dolomite and Row Park Lime-
stone of West Virginia and Maryland (Boger,
1976, p. 81-82); and Everton Dolomite of the Indi-
ana subsurface (Rexroad and others, 1982).

Collection.—18 specimens (8 quadratiform, 4
primadontiform, 3 graciliform, 3 indeterminate).

Figured specimens.—OSU 37231-37233, inclu-
sive.

Genus Neomultioistodus
Harris and Harris, 1965

Multioistodus (Neomultioistodus) Harris AND HARRIS,
1965, p. 43.
Tricladiodus MounD, 1965a, p. 198.



22 Systematic Paleontology

Text-figure 7. Skeletal apparatus of Leptochirognathus quadratus Branson and Mehl. A-C, quadratiform, primadontiform,

and graciliform elements, respectively.

Type species—Neomultioistodus compressus
Harris and Harris, 1965.

Diagnosis.—Skeletal apparatus is quin-
quimembrate or seximembrate, consisting of one
or two pastinate elements, a geniculate coniform
element, and a symmetry-transition series of
alate through dolabrate elements. Genus is dis-
tinguished from Multioistodus by having a
geniculate coniform element in the M position.

Discussion.—Cullison (1938, p. 226) erected
Multioistodus to include three form-species with
stout, peglike denticles that project directly from
the base. Cullison’s three species were interpreted
as a symmetry-transition series (Lindstrém, 1964,
fig. 48 1,m; Sweet and Bergstrom, 1972, p. 33, fig.
2B) and subsequently were assigned to the mul-
tielement species M. subdentatus.

Harris and Harris (1965) described specimens
from the West Spring Creek Formation of Oklaho-
ma as the form-taxon Multioistodus (Neomultiois-
todus) compressus. Those specimens differ most
notably from elements of M. subdentatus in hav-
ing a prominent, laterally flattened posterior den-
ticle, rather than a stout, peglike denticle.

Elements similar to the type of Neomultioisto-
dus compressus have since been assigned to the
multielement apparatus of Multioistodus com-
pressus (Bradshaw, 1969, p. 1153-1155; Sweet
and others, 1971, p. 169, pl. 1, figs. 36,40; Barnes,
1974, p. 230, pl. 1, fig. 12; Ethington and Clark,
1982, p. 58-59). However, M. subdentatus, the
type species of Multioistodus, differs from M. com-
pressus by lacking a geniculate coniform element
in its skeletal apparatus. This evidence indicates
that these two forms have general similarities;
nevertheless, it seems that they should be sepa-
rated at the generic level. Therefore, I have
assigned forms previously described as M. com-
pressus to Neomultioistodus compressus.

Mound (1965a) based Tricladiodus on material
from the Joins Formation. The element figured in
his report appears to be a pastinate element of a
species very similar to Neomultioistodus com-
pressus. Furthermore, examined specimens of
Tricladiodus from the Oil Creek Formation (Ohio
State conodont collections, 72SC) have a genicu-

late coniform element in the M position. Accord-
ingly, Iinclude Tricladiodus as a junior subjective
synonym of Neomultioistodus.

Neomultioistodus compressus
Harris and Harris
Pl 3, Figs. 1-5,7,9

Multioistodus (Neomultioistodus) compressus Harris
aND HaRrris, 1965, p. 4344, pl. 1, figs. 7Ta—c.

Multioistodus compressus Harris and Harris. MounD,
1965b, p. 24, pl. 3, figs. 12,13; SWEET AND OTHERS, 1971,
p- 169, pl. 1, figs. 36,40; BarNES, 1974, p. 230, pl. 1, fig.
12; ETHINGTON AND CLARK, 1982, p. 58-59, pl. 6, figs.
8-11,16 (includes synonymy).

“Multioistodus” compressus Harris and Harris. Dzix,
1983, fig. 6-5.

Description.—Apparatus seximembrate. P ele-
ments pastinate; Pa is basally expanded with
prominent posterior denticle; M element genicu-
late coniform. Symmetry-transition series con-
sists of alate Sa elements with stubby, symmetri-
cally or nearly symmetrically disposed lateral
processes; tertiopedate Sb elements; and dola-
brate Sc elements. All elements hyaline.

Occurrences—Specimens of Neomultioistodus
compressus were recovered from samples taken
66, 67, and 71 ft above the base of the section (just
above the basal sandstone). N. compressus has
been reported from the West Spring Creek Forma-
tion (Harris and Harris, 1965); the Joins Forma-
tion (Mound, 1965b); the Kanosh and Lehman
Formations of Utah (Sweet and others, 1971;
Ethington and Clark, 1982); the Bay Fiord Forma-
tion of Arctic Canada (Barnes, 1974, p. 230); and
the Sunblood Formation of the southern Macken-
zie Mountains, Canada (Tipnis and others, 1978,
p. 73, pl. IV, figs. 1,4,6).

Collection.—695 specimens (134 Pa, 57 Pb, 170
M, 50 Sa, 118 Sb, 166 Sc).

Figured specimens.—OSU 37234-37240, inclu-
sive.

Genus Oneotodus Lindstrém, 1955

Type species.—Distacodus? simplex Furnish,
1938.
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Oneotodus? ovatus (Stauffer, 1935)
Pl 3, Fig. 25

Oistodus ovatus STAUFFER, 1935, p. 147, pl. 12, fig. 34.
Oneotodus ovatus (Stauffer). WEBERS, 1966, p. 67, pl. 2,
fig. 7.

Remarks.—Ethington and Brand (1981, p. 239—
247) revised Lindstrom’s (1955, p. 581) original
diagnosis of Oneotodus. Included in their defini-
tion of the genus were coniform elements with an
albid cusp of subcircular cross section; a hyaline
base; and a low basal cavity that is triangular in
lateral profile. Ethington and Brand (1981, p. 245)
indicated that O. ovatus would require further
reassignment because of their emendation.

The form I have assigned to Oneotodus? ovatus
appears to be identical to the one described as O.
ovatus by Webers (1966). O. ovatus conforms to all
the criteria set forth by Ethington and Brand
(1981, p. 245) in their definition of Oneotodus ex-
cept for a shallow, flattened basal cavity. If that
character is suitable for generic differentiation,
then O. ovatus should then be assigned to another
genus. The basal cavity of the specimen identified
as 0.? ovatus in this study is flat except for a small,
shallow excavated area near the anterobasal
margin.

Occurrence—QOneotodus? ovatus is represented
near the top of the Tulip Creek Formation, 684 ft
above the base of the section. 0.? ovatus also
occurs in the Glenwood Formation of Minnesota
(Stauffer, 1935; Webers, 1966).

Collection.—One specimen.

Figured specimen.—OSU 37241.

Genus Panderodus Ethington, 1959

Remarks.—Elements assignable to the skeletal
apparatus of Panderodus are represented in very
small numbers throughout the McLish—Tulip
Creek section. Two groups can be distinguished by
the character of the basal margin. One group com-
prises elements with prominently in-turned basal
margins and appears to represent the skeletal
apparatus of P. panderi (Stauffer).

The other group comprises relatively small ele-
ments with straight basal margins. Some of those
elements may represent the apparatus of Pander-
odus gracilis (Branson and Mehl). The elements
show wide variability and may also represent
several distinct species.

Panderodus panderi (Stauffer, 1940)
Pl 4, Fig. 14

Paltodus panderi STAUFFER, 1940, p. 427, pl. 60, figs. 8,9.
Panderodus panderi (Stauffer). SweET, 1979, p. 64, fig. 7
(2-6,10) (includes synonymy).

Remarks.—Sweet (1979) described the mul-
tielement apparatus of Panderodus panderi.

Specimens assigned to P. panderi in this report
have the prominently in-turned basal margin
characteristic of that species.

Occurrence.—Panderodus panderi is repre-
sented in samples taken 514 and 684 ft above the
base of the section.

Collection.—b5 specimens.

Figured specimen.—OSU 37242.

Panderodus sp.
Pl 4, Fig. 12

Remarks.—Elements with relatively straight
basal margins are here included in Panderodus sp.
Although those elements may represent several
species, the majority of them are comparable to
Panderodus gracilis (Branson and Mehl).

Occurrence—Elements assigned to Panderodus
sp. were found between 143 and 704 ft in the
section.

Collection.—24 specimens.

Figured specimen.—QOSU 37243.

Genus Paraprioniodus
Ethington and Clark, 1982

Type species.—Tetraprioniodus costatus Mound,
1965b.

Remarks.—The conclusions reached by Ething-
ton and Clark (1982, p. 77) in their discussion of
Paraprioniodus are adhered to in this report.

Paraprioniodus sp. cf. P. costatus
(Mound, 1965b)
Pl 3, Figs. 6,8,11-13,16

cf. Tetraprioniodus costatus MouND, 1965b, p. 34-35, pl.
4, figs. 19,25,31, text-fig. 1K.

cf. Paraprioniodus costatus (Mound). ETHINGTON AND
CLARK, 1982, p. 77-79, pl. 8, figs. 20-26 (includes
synonymy through 1981). Dzix, 1983, fig. 6-2.

cf. Eoneoprioniodus? sp. 1 STOUGE, 1984, p. 78-79, pl. 15,
figs. 7-183,15,16.

Diagnosis.—A species of Paraprioniodus simi-
lar to P. costatus, but having elements with very
weakly developed processes and denticulation.

Description.—Apparatus seximembrate. P ele-
ments pastinate with very weak denticulation on
lateral and posterior processes which extend hori-
zontally on Pa element; lateral process of Pb ele-
ment extends downward. M element dolabrate;
cusp swollen on one side, keeled anteriorly and
posteriorly. Posterior process weakly denticulate
or adenticulate.

Sa element alate; cusp slender, rounded ante-
riorly, keeled posteriorly, and laterally costate.
Posterior process has one or two small denticles or
is adenticulate. Lateral processes adenticulate.
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Sb element quadriramate; cusp keeled anterior-
ly, costate posteriorly and laterally. Denticulation
as on Sa element. Sc element dolabrate and dis-
tinguished from M element by its greater lateral
compression and stronger posterior denticulation.

Remarks.—The elements assigned in this re-
port to Paraprioniodus sp. cf. P. costatus are simi-
lar to those of P. costatus described by Ethington
and Clark (1982, p. 77-79). Prioniodontiform, cyr-
toniodontiform, trichonodelliform, tetraprioni-
odontiform, and cordylodontiform elements re-
ported by Ethington and Clark correspond to P, M,
Sa, Sb, and Sc elements, respectively.

However, there are marked differences between
specimens recovered from the McLish Formation
and the specimens described by Ethington and
Clark (1982). The most notable difference is the
degree of development and denticulation of the
processes. Despite observed differences, overall
agreement of the two forms indicates that they
represent either different morphotypes of the
same species or closely related species.

Occurrences.—Paraprioniodus sp. cf. P. costatus
is represented in samples taken 66, 67, and 71 ft
above the base of the section. This interval also
contains specimens of other genera (e.g., Neomul-
tioistodus, Scandodus?) characteristic of strata
older than the McLish and may represent re-
worked sediment.

Specimens of Paraprioniodus costatus occur in
the Joins Formation of Oklahoma (Mound, 1965b;
McHargue, 1975, p. 85-89, [= Prioniodus costa-
tus]); Oil Creek Formation of Oklahoma (Me-
Hargue, 1975, p. 88); upper part of the Antelope
Valley Formation of Nevada (Harris and others,
1979, pl. 1, figs. 13-15); Sunblood Formation of the
southern Mackenzie Mountains, Canada (Tipnis
and others, 1978); Lehman Formation and Watson
Ranch Quartzite of Utah (Ethington and Clark,
1982); Everton Dolomite of the Indiana subsurface
(Rexroad and others, 1982); and Table Head
Formation of Newfoundland (Stouge, 1984).

Collection.—194 specimens (39 Pa, 59 Pb, 48 M,
9 Sa, 15 Sb, 24 Sc).

Figured specimens.—OSU 37244-37249, inclu-
sive.

Genus Phragmodus Branson and Mehl, 1933b

Type species.—Phragmodus primus Branson
and Mehl, 1933b.

Phragmodus flexuosus Moskalenko, 1973

Phragmodus flexuosus, n. sp. MOSKALENKO, 1973, p. 73—
74, pl. X1, figs. 4-6.

Remarks—Ethington and Clark (1982, p. 79—
82) extensively discussed the taxonomic develop-
ment of Phragmodus flexuosus. In their report,
they recognized two distinctly different North

American species that can be interpreted as P.
flexuosus. In the apparatus of one species, the M
position is occupied by a dolabrate (cyrtoniodonti-
form) element. That species traditionally has been
referred to P. flexuosus and was described in detail
by Carnes (1975, p. 178-181) and Sweet (1981, p.
255-257). The second species has a geniculate con-
iform (oistodontiform) element in the M position.
It was first recognized in North America by Harris
and others (1979, p. 23) and subsequently was
described by Ethington and Clark (1982, p. 79-82)
as ?P. flexuosus.

It is difficult to determine which form Mos-
kalenko (1973) was describing when she first in-
troduced the form-taxon Phragmodus flexuosus.
As noted by Ethington and Clark (1982, p. 81),
Moskalenko’s samples contain elements that can
be referred to as dolabrate and as geniculate con-
iform. To aveid confusion, forms referred in this
report to P. flexuosus match the traditional recon-
struction of Carnes (1975) and Sweet (1981); that
is, they have a dolabrate element in the M posi-
tion.

Phragmodus flexuosus recovered from samples
of the McLish and Tulip Creek can be separated
into two forms on the basis of P element develop-
ment. They are presented in this report as P. flex-
uosus morphotype A and morphotype B. Unfortu-
nately, the character that distinguishes those
forms is gradational and often difficult to catego-
rize with confidence. For this reason, both forms
are referred to P. flexuosus, and no new species or
subspecies is recognized.

Morphotypes A and B are of general biostrati-
graphic use in the study section. For simplicity,
ranges of those two forms are shown in Text-figure
2 to be disjunct, although it should be emphasized
that transitional forms in the upper McLish are
problematic in classification.

Phragmodus flexuosus morphotype A
Pl 38, Figs. 10,14,15,18,20,24; Text-fig. 8A

Phragmodus flexuosus Moskalenko. HARRIS AND OTHERS,
1979, pl. 2, figs. 1-4; SweeT, 1981, p. 255-259, pl. 2,
figs. 1-6. Dzik, 1983, fig. 6-3.

Phragmodus sp. A SWEET AND OTHERS, 1971, p. 173-174,
pl. 2, figs. 3-6.

Phragmodus sp. nov. MOSKALENKO, 1972, p. 48-50, fig.
1, nos. 1-12, (not fig. 1, nos. 13—15).

Phragmodus flexuosus flexuosus Moskalenko. TipNis
AND OTHERS, 1978, p. 60-61, pl. V, figs. 1,2,4.

Description.—Apparatus seximembrate. Sa ele-
ment alate with adenticulate, symmetrically dis-
posed lateral processes; cusp rounded anteriorly,
keeled laterally and posteriorly. Posterior process
long, arched, and laterally twisted, with discrete,
laterally compressed denticles. Sb element ter-
tiopedate, but otherwise similar to the Sa element.
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Sc element bipennate or dolabrate. Bipennate
forms exhibit laterally deflected anterior process
(adenticulate) and straight or very slightly
twisted posterior process with denticles more deli-
cate than those on the posterior process of Sa and
Sb elements; dolabrate forms have straight ante-
rior keel. M element dolabrate; posterior process
arched and denticulate.

P elements pastinate; Pa and Pb positions dis-
tinguished by angle between lateral process and
adenticulate anterior keel or process. Processes of
Pa element enclose a 10-20° angle, whereas those
of Pb element enclose a 70-80° angle.

Remarks.—Phragmodus flexuosus morphotype
A corresponds to the species discussed in detail by
Carnes (1975, p. 178-182) and Sweet (1981, p.
255-257). Morphotype A is clearly different from
the species described by Ethington and Clark
(1982, p. 79-82) as ?P. flexuosus. The most notable
differences are the appearance of a dolabrate
rather than a geniculate coniform element in the
M position and the differentiated P elements
(Ethington and Clark recognized only one type of
P element in their reconstruction).

Phragmodus flexuosus flexuosus (Tipnis and
others, 1978) is described as having a dolabrate
element and two distinguishable P elements, so it
has tentatively been listed under morphotype A.

Occurrence.—Morphotype A dominates the co-
nodont fauna from 260 ft above the base of the
sampled section to the top of the section. Sweet
and others (1973) reported that Phragmodus
flexuosus can be recognized from the McLish,
Tulip Creek, and lower Bromide. Other occur-
rences of morphotype A in North America include
the Lenoir Limestone, Holston Formation, and
associated strata of Tennessee (Carnes, 1975;
Bergstrom and Carnes, 1976); the Chazy Group of
New York and Vermont (Raring, 1972, p. 101-
104, [= P. tortus]); Pinesburg Station Dolomite,
Row Park Limestone, and New Market Formation
of West Virginia and Maryland (Boger, 1976, p.
101); Antelope Valley Limestone of Nevada (Har-
ris and others, 1979); and Chickamauga Lime-
stone of Alabama and Georgia (Schmidt, 1982, p.
160-161).

Collection.—8,007 specimens (726 Pa, 1,017 Pb,
1,702 M, 415 Sa, 2,015 Sb, 2,132 Sc).

Figured specimen.—OSU 37250-37255, inclu-
sive.

Phragmodus flexuosus morphotype B
Pl. 3, Fig. 17; Text-fig. 8B

?Phragmodus flexuosus, n. sp. MOSKALENKO, 1973, p.
73-74, pl. XI, figs. 4-6.

2Gothodus evenkiensis, n. sp. MOSKALENKO, 1973, p. 67—
68, pl. XI, figs. 1-3.

Plectodina glenwoodensis Stauffer. MOSKALENKO, 1973,
p. 76, pl. XI, figs. 7-9.

?Subcordylodus sinuatus Stauffer. MoskALENKO, 1973,
p- 80-81, pl. XII, figs. 7-9.

?Dichognathus decipiens Branson and Mehl. Mos-
KALENKO, 1973, p. 6667, pl. XV, figs. 7-12.

Diagnosis.—Apparatus differs from that of
Phragmodus flexuosus morphotype A only in that
the P elements are pastinate but are not divisible
into Pa and Pb categories based on the angle be-
tween their lateral and anterior processes.

Remarks.—Phragmodus flexuosus morphotype
B occurs stratigraphically lower than P. flexuosus
morphotype A. Its apparatus differs from that of P.
flexuosus morphotype A in having undifferenti-
ated P elements. Other elements of the apparatus,
including the dolabrate M element, are nearly
identical to those of P. flexuosus morphotype A.

As noted previously, Ethington and Clark
(1982, p. 80) recognized only one type of P element
in their description of Phragmodus from the Crys-
tal Peak Dolomite of Utah, and examined speci-
mens of Phragmodus with geniculate coniform M
elements from the Antelope Valley Limestone
also have undifferentiated P elements (Text-fig.
8). This interval of the Antelope Valley also con-
tains Eoplacognathus suecicus (Harris and others,
1979, p. 23).

Phragmodus flexuosus morphotype B occurs in
an interval containing the Eoplacognathus
foliaceus—E. reclinatus transition (= E. sp. of this
report), which indicates that it is younger than the
forms from the Antelope Valley Limestone. This
evidence appears to indicate that P. flexuosus mor-
photype B may be intermediate between the spe-
cies of Phragmodus whose apparatus has genicu-
late coniform M elements and P. flexuosus mor-
photype A. However P. flexuosus morphotype B is
very closely associated with P. flexuosus mor-
photype A, and often difficult to distinguish.

Moskalenko’s (1973) Phragmodus flexuosus
(and associated elements) is tentatively included
in the synonymy of P. flexuosus morphotype B.
The basis for this assignment is the presence of
only one type of P element (discussed by Ethington
and Clark, 1982, p. 81) and the presence of a dola-
brate M element (Plectodina glenwoodensis of
Moskalenko, 1973).

Occurrence.—Elements of morphotype B can be
recognized confidently in the lower part of the
McLish Formation.

Collection.—2,028 specimens (398 P, 455 M, 133
Sa, 470 Sb, 572 Sc).

Figured specimens.—OSU 37256.

Genus Plectodina Stauffer, 1935

Type species.—Prioniodus aculeatus Stauffer,
1930.

Plectodina sp. cf. P. aculeata (Stauffer, 1930)
Pl 4, Figs. 17,18,22

of. Prioniodus aculeatus STAUFFER, 1930, p. 126, pl. 10,
fig. 12.
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Text-figure 8. Comparison of critical elements of Phragmodus skeletal apparatus. A.—M, Pb, and Pa elements (left to right)
of P. flexuosus morphotype A. B.—M and P elements of P. flexuosus morphotype B. C.—Mand P elements of Phragmodus
from the Crystal Peak Dolomite (after Ethington and Clark, 1982).

cf. Plectodina aculeata (Stauffer). BARNES, 1977, p. 107,
pl. 4, figs. 19,23; TIPNIS AND OTHERS, 1978, pl. VI, figs.
1-4; Sweer, 1981, p. 277-280, pl. 1, figs. 1-9 (includes
synonymy).

Remarks.—Sweet (1981) distinguished Plecto-
dina aculeata from congeneric species by the com-
bination of pastinate (dichognathiform) Pa ele-
ments and angulate (prioniodiniform) M ele-
ments. Although elements assignable to Plectod;-
na are represented throughout the Tulip Creek
Formation, only one sample (82JA-534) contained
both Pa and M elements of that genus. In that
sample, the Pa element is pastinate and the M
element is angulate, with a very weakly developed
unidenticulate anterior process. Elements in that
sample were also very small and fragile.

Occurrence—Plectodina sp. cf. P. aculeata is
represented at 534 ft above the base of the section.
P. aculeata is a widespread Middle Ordovician

Midcontinent form. Sweet (1981, p. 279-280) has
listed many of the reported occurrences of P.
aculeata.

Collection.—6 specimens (1 Pa, 1 M, 1 alate Sa, 3
bipennate Sc).

Figured specimens.—OSU 37257-37259, inclu-
sive.

Plectodina sp.
Pl. 4, Figs. 16,19,20,23,24

Remarks.—Elements of the skeletal apparatus
are very small and appear to represent an appa-
ratus similar to that of Plectodina aculeata. The
apparatus is sparsely represented in two samples
(82JA-350, 82JA-360).

Occurrence.—This species was found in the up-
per part of the McLish Formation.

Collection.—13 specimens (3 pastinate Pa, 4
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angulate Pb, 2 digyrate M, 1 digyrate Sb, 3 bipen-
nate Sc).

Figured specimens.—OSU 37260-37264, inclu-
sive.

Plectodina? sp.
Pl. 4, Fig. 21

?Plectodina sp. n. Dzik, 1983, fig. 5-9.

Remarks.—Asnoted in the remarks on Plectodi-
na sp. cf. P. aculeata, elements similar to those of
Plectodina occur throughout the Tulip Creek
Formation. Because those elements do not appear
to be characteristic of a particular known species, I
have included them in P.? sp.

The elements recovered include alate Sa and
tertiopedate Sb elements. They occur in samples
dominated by representatives of Phragmodus
flexuosus morphotype A. Elements in the P and Sc¢
positions of the apparatus of this species of Plecto-
dina probably are so much like their counterparts
in Phragmodus (pastinate and dolabrate, respec-
tively) that they are very difficult to distinguish.

Occurrence.—Plectodina? sp. was found be-
tween 403 and 699 ft above the base of the
McLish—Tulip Creek section.

Collection.—47 specimens.

Figured specimen.—OSU 37265.

Genus Protopanderodus Lindstrém, 1971

Type species.—Acontiodus rectus Lindstrém,
1955.

Protopanderodus varicostatus
(Sweet and Bergstrom, 1962)
Pl 3, Figs. 19,21-23

Scolopodus varicostatus SWEET AND BERGSTROM, 1962, p.
12471248, pl. 168, figs. 4-9, text-fig. 1A,C,K; HamaR,
1964, p. 284, pl. 1, figs. 1,2, text-fig. 4, no. 7a,b; BraD-
sHAw, 1969, p. 1163, pl. 132, fig. 10, pl. 134, figs. 12,13;
Vira, 1974, p. 123, fig. 160.

Scandodus unistriatus SWEET AND BERGSTROM, 1962, p.
1245, pl. 168, fig. 12, text-fig. 1E; Brapsuaw, 1969, p.
1161, pl. 135, figs. 5,6.

“Scolopodus” varicostatus Sweet and Bergstrém. BErG-
STROM, 1971, p. 92-93, figs. 4,5.

Protopanderodus varicostatus (Sweet and Bergstrém).
BERGSTROM, 1973b, p. 13; BERGSTROM, 1973¢, p. 272—
280, figs. 5—9; BERGSTROM AND OTHERS, 1974, pl. I, figs.
9,10; BERGSTROM, 1978, pl. 79, figs. 6,7; TipNIs AND
OTHERS, 1978, pl. VIII, figs. 8,12; SmEs, 1980, pl. 1, fig.
6; Dzik, 1983, fig. 3-29.

?Protopanderodus cf. varicostatus (Sweet and Berg-
stréom). LOFGREN, 1978, p. 91-93, pl. 3, figs. 26-31.

Discussion.—Sweet and Bergstrom (1962) rec-
ognized elements included in Protopanderodus
varicostatus from the Pratt Ferry Formation of
Alabama. Those elements were assigned to Scan-
dodus unistriatus and Scolopodus varicostatus. S.
varicostatus included three distinct, intergrada-

tional forms based on the disposition and number
of costae (Sweet and Bergstrom, 1962).

Carnes (1975, p. 208-209) included a short dis-
cussion of Protopanderodus varicostatus in his re-
port on Middle Ordovician rocks of northeastern
Tennessee. In that discussion, he recognized vari-
costatiform and unistriatiform elements. Both
symmetrical and asymmetrical varicostatiform
elements are illustrated in his plate 2 (figs. 11,12).
Lofgren (1978) also recognized symmetrical and
asymmetrical elements in her specimens of P. cf.
varicostatus from Sweden, although the symmet-
rical elements were scarce.

Elements representative of Protopanderodus
varicostatus are rare in the McLish—Tulip Creek
samples. In this small collection, at least three
distinct forms can be recognized, corresponding to
unistriatiform, symmetrical varicostatiform, and
asymmetrical varicostatiform elements of Carnes
(1975). Furthermore, it appears that two other
elements may be differentiated in the apparatus.
One is a variation of the unistriatiforin type, with
greater development of the posteriormost costa on
the furrowed side. The other element is intermedi-
ate between the symmetrical and asymmetrical
varicostatiform types (= intermediate form of
Scolopodus varicostatus, Sweet and Bergstrom,
1962).

Occurrence.—Protopanderodus varicostatus is
represented primarily in the McLish Formation of
the sampled interval. It ranges from 81 to 469 ft
above the base of the section (to 64 ft above the
base of the Tulip Creek).

Collection.—T9 specimens (14 unistriatiform,
10 unistriatiform with pronounced lateral costae,
8 symmetrical varicostatiform, 12 nearly symmet-
rical varicostatiform, 35 asymmetrical varicosta-
tiform).

Figured specimens.—OSU 37274-37277, inclu-
sive.

Genus Pteracontiodus Harris and Harris, 1965

Pteracontiodus Harris aND Harnris, 1965, p. 41.
Eoneoprioniodus MouND, 1965a, p. 195.

Type species.—Pteracontiodus aquilatus Harris
and Harris, 1965.

Pteracontiodus? sp.
Pl 4, Figs. 1-5

Description.—Skeletal apparatus consists of
keeled coniform elements assignable to acon-
tiodontiform, distacodontiform, drepanodonti-
form, acodontiform, and oistodontiform shape
categories. Acontiodontiform (Sa) clement has
posterior keel produced into a stubby basal projec-
tion and symmetrically disposed lateral costae;
cusp erect or slightly recurved.

Distacodontiform (Sb) element keeled anterior-
ly and posteriorly; lateral surfaces have pro-
nounced costae, one located medially on the cusp
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and the other located posteriorly. Costae form
variably shaped, albid knobs near basal margin.

Drepanodontiform (Sc) element has anterior
keel and faint posterior costa; lateral surfaces
smooth; cusp recurved.

Acodontiform (P) element keeled anteriorly and
posteriorly; one lateral surface bears pronounced
costa, whereas the other is smooth and rounded.
Lateral costa and posterior keel projected basally
into short, albid, adenticulate processes; cusp
erect. Oistodontiform (M) element has slightly re-
curved cusp with anterior and posterior keels pro-
duced basally into thin, adenticulate projections;
lateral surfaces smooth.

Remarks.—The skeletal apparatus of Pteracon-
tiodus? sp. resembles that of Paraprioniodus cos-
tatus (Mound), but differs in having elements with
poorly developed, generally adenticulate proces-
ses. Elements of Paraprioniodus sp. cf. P. costatus
(this report) also have poorly developed processes.
However, denticulation in those forms is more
distinct than in Pteracontiodus? sp.

In their description of Pteracontiodus, Ething-
ton and Clark (1982, p. 88) included five hyaline,
coniform elements with keels produced into stub-
by, commonly albid, generally adenticulate, basal
projections. The elements of Pteracontiodus? sp.
basically conform to that description. Similarities
between Pteracontiodus? sp. and Paraprioniodus
also exist; consequently, the generic assignment is
uncertain.

Occurrence.—Pteracontiodus? sp. was found in
samples 66 and 67 ft above the base of the section.

Collection.—40 specimens (17 P,9 M, 3 Sa, 7 Sb,
4 Sc).

Figured specimens—OSU 37278-37282, inclu-
sive,

Genus Scandodus Lindstrém, 1955
Type species—Scandodus furnishi Lindstrém,
1955.

Scandodus? sinuosus Mound, 1965b
Pl 5, Figs. 1,2,5,7,8

Scandodus sinuosus MoUND, 1965b, p. 33-34, pl. 4, figs. .

21,22,24, text-fig. 1J; ETHINGTON AND CLARK, 1982, p.
94-96, pl. 11, figs. 14 (not fig. 5).
Acodus campanula Mounp, 1965b, p. 8-9, pl. 1, figs. 4-6.
Acontiodus curvatus Mounp, 1965b, p. 11-12, figs. 19—
21, text-fig. 1D; SWEET AND OTHERS, 1971, p. 168, pl. 2,
fig. 34.

Description.—Skeletal apparatus consists of at
least five distinct nongeniculate coniform ele-
ments assignable to acodontiform, scandodonti-
form, drepanodontiform, and acontiodontiform
categories; all elements hyaline. Acodontiform
elements keeled anteriorly and posteriorly; one
side bears medial to posterior costa; the other side
is smoothly convex.

Scandodontiform elements noncostate; anterior
and posterior keels twisted slightly toward the
same side. Anterior keel extends to basal margin;
cusp slightly twisted.

Drepanodontiform elements divisible into two
forms. In one, cusp is conspicuously twisted; in the
other, cusp is straight. Anterior and posterior
keels in both forms reduced in comparison with
scandodontiform elements.

Acontiodontiform elements are posteriorly
keeled and have symmetrically disposed antero-
lateral costae; anterior margin smooth.

Discussion.—Ethington and Clark’s (1982) in-
terpretation of Scandodus is based on Lindstrom’s
(1971, p. 39-40) description of S. breuvibasis. S.
furnishi, the type species of Scandodus, does not
appear, in Lindstrom’s (1971) reconstruction, to
have as many distinct elements as S. brevibasis
and lacks costate elements. The generic assign-
ment of Scandodus suggested by Ethington and
Clark (1982) is therefore suspect, pending better
information on S. furnishi.

Remarks.—The reconstruction of Scandodus?
sinuosus adopted here differs from that described
by Ethington and Clark (1982) in that no genicu-
late coniform (oistodontiform) or distacodontiform
elements are included in the apparatus. It appears
that all geniculate coniform elements in my sam-
ples are part of Neomultioistodus compressus,
which occurs with S.? sinuosus. Ethington and
Clark (1982) do not include a geniculate coniform
element in Multioistodus compressus (= N. com-
pressus), which probably explains the disparity in
reconstructions.

The absence of distacodontiform elements may
be due to the small number of specimens recovered
from my samples. However, Ethington and Clark
(1982) note that distacodontiform elements are
not present in the upper part of the range of S.
sinuosus in the Ibex area. McHargue (1975, p.
92-93) also reported the absence of distacodonti-
form elements in some of his samples containing
elements of S. sinuosus.

Occurrence—Scandodus? sinuosus was found
in samples taken 66, 67, and 71 ft above the base of
the section (lower McLish). S. sinuosus has been
reported from the Joins Formation of Oklahoma
(Mound, 1965b; McHargue, 1975), and from the
Kanosh Shale and Watson Ranch Quartzite of
Utah (Ethington and Clark, 1982).

Collection.—117 specimens (30 acodontiform,
39 scandodontiform, 10 acontiodontiform, 13
twisted drepanodontiform, 25 straight drepano-
dontiform).

Figured specimens.—OSU 37283-37287, inclu-
sive.

Genus Staufferella Sweet and others, 1975

Type species.—Distacodus falcatus Stauffer,
1935.
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Staufferella sp.
Pl 5, Figs. 12-14

Semiacontiodus sp. n. Dzik, 1983, fig. 3-3.

Description.—Bilaterally symmetrical con-
iform and two types of asymmetrical coniform ele-
ments of Staufferella are represented in the
McLish-Tulip Creek collections. All elements
have the faint longitudinal striae characteristic of
the genus.

Bilaterally symmetrical elements have broadly
rounded anterolateral costae that taper toward
basal margin and tip of cusp. Posterior face round-
ed and marked by pronounced longitudinal
groove; anterior face flat; basal margin outline
subcircular.

Two types of asymmetrical elements distin-
guished by length of base relative to cusp, as sug-
gested by Carnes (1975). Long-based asymmetri-
cal element bears faint lateral carinae; anterior
face rounded, posterior face rounded, with vari-
able longitudinal costa. Short-based asymmetri-
cal element has anterolateral carina on one side
and sharp posterolateral costa on opposite side;
anterolateral and posterolateral faces rounded;
cusp variably twisted.

Discussion.—Sweet and others (1975, p. 45) rec-
ognized that the symmetrical element of Stauf-
ferella is diagnostic in species determination.
Symmetrical elements of S. sp. and S. falcata
(Stauffer) have a midposterior groove. That char-
acter distinguishes those two species from other
species of Staufferella. The two species differ from
each other in the development of lateral costae. In
S. falcata, the costae of the symmetrical element
are projected as prominent “wings” near the basal
margin. Costae of S. sp. are greatly reduced near
the basal margin. The symmetrical element of S.
sp. is also much less compressed anteroposteriorly
than is that of S. falcata.

Remarks.—Staufferella sp. is sparsely repre-
sented in samples from the McLish and Tulip
Creek. For this reason, I have not given a specific
identification to recovered specimens. However, it
would appear that elements referred here to
Staufferella represent an important link between
later forms (e.g., S. falcata) and an ancestral
lineage. The characteristics of the symmetrical
elements of Staufferella sp. may be of some signifi-
cance in interpreting the Staufferella lineage.
Only S. falcata has been described as having a
posterior groove on the symmetrical element like
S. sp. Later forms of Staufferella developed a
sharp, midposterior costa. Sweet (1982, p. 1046
1047) discussed trends in later forms of Stauf-
ferella.

Lofgren (1978, p. 105-108) reported on Scolopo-
dus cornuformis Sergeeva and S. bulbosus n. sp.,
species that she believed may be referable to
Staufferella based on surface striations. She noted

(p. 105) also that some cornuform (symmetrical)
elements of Scolopodus cornuformis have a cen-
tral posterior groove.

Occurrence.—Staufferella sp. was found be-
tween 81 and 454 ft above the base of the section.

Collection.—28 specimens (4 symmetrical, 14
long-based asymmetrical, 10 short-based asym-
metrical).

Figured specimens.—OSU 37288-37290, inclu-
sive.

Genus Tetraprioniodus Lindstrém, 1955

Type species.—Tetraprioniodus robustus Lind-
strom, 1955.

“Tetraprioniodus” sp.
Pl 5, Fig. 11

Description.—Skeletal element sirnilar to those
described by Sweet and Bergstrom (1962, p. 1248—
1249) as Tetraprioniodus lindstroemi, but differs
in having more pronounced lateral processes that
occupy position nearer to the posterior process
than to the anterior process; lateral processes bear
distinct denticulation; anterior process laterally
deflected and denticulate; cusp and base turned
slightly toward same side.

Remarks—Bergstrom (1971, p. 148) suspected
that Tetraprioniodus lindstroemi belongs to the
Pygodus skeletal apparatus. Only one element of
“Tetraprioniodus” sp. was recovered in the pres-
ent study, from the McLish. That element is simi-
lar in general form to those described as T. lind-
stroemi from the Pratt Ferry Formation of Ala-
bama (Sweet and Bergstrom, 1962). Elements re-
ferable to haddingodontiform or pygodontiform
elements of Pygodus were not found in this study.

Occurrence—Specimen found 86 ft above the
base of the section.

Collection.—One specimen.

Figured specimen.—OSU 37291.

Genus Thrincodus n. gen.

Type species.—Thrincodus palaris n. sp.

Diagnosis.—Conodont with unimembrate
apparatus consisting of carminate pectiniform
elements distinguished by combination of a long,
bladelike anterior process with short, fused denti-
cles, and a very short, denticulate, posterior proc-
ess.

Discussion.—Thrincodus is established for a
single new species, T'. palaris, represented in Mid-
dle Ordovician rocks of the Appalachians (Carnes,
1975; Boger, 1976), the Great Basin (Harris and
others, 1979), Texas (Bergstrém, 1978), New York
(Raring, 1972), and Oklahoma. The genus was
originally proposed in an unpublished disserta-
tion on the conodonts of the Chazy Group by Rar-
ing (1972), who included a species having a single
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type of skeletal element. Subsequent reports have
confirmed the unimembrate nature of the appa-
ratus.

Thrincodus is morphologically similar to the
segminate (spathognathodontiform) element of
Appalachignathus Bergstréom and others and
Bergstroemognathus Serpagli. However, it differs
in having a posterior process and a very distinc-
tive, laterally flaring base beneath the cusp.
Furthermore, both Appalachignathus and Berg-
stroemognathus have a multielement apparatus.

Several species currently assigned to Histiodel-
la Harris, such as H. holodentata and H. n. sp. 2,
have a single type of carminate pectiniform ele-
ment. However, those forms of Histiodella can be
distinguished from Thrincodus by more extensive
development of the posterior process and greater
denticle length with respect to the base. The type
species of Histiodella, H. altifrons Harris, is mul-
timembrate.

Thrincodus palaris n. sp.
Pl. 5, Fig. 15

New genus, new species Raring. BErgstrom, 1978, pl.
79, fig. 8; HARRIS, AND OTHERS, 1979, pl. 3, fig. 8.

Diagnosis and description.—Apparatus uni-
membrate, consisting of carminate pectiniform
elements. Cusp reclined, compressed, and may be
slightly bowed toward the inner side.

Anterior process long, bladelike, inwardly
bowed, and slightly twisted. Denticles short (less
than half the height of the blade), erect, subequal,
fused for most of their length, and apically dis-
crete. Posterior process limited to a denticulate
keel along the posterior portion of the cusp. Denti-
cles reclined at a significantly greater angle than
the cusp.

Basal cavity shallow, expanded beneath cusp,
and extends as a narrow slit along the entire
length of the anterior process. Base beneath cusp
flares posteriorly and laterally toward the
inner side. Basal margin along inner side is
turned slightly inward, forming a subtle ledge.
Outer side is smoothly convex.

Derivation of name.—The generic and specific
names were proposed by Dr. Andrew M. Raring
(1972) in an unpublished doctoral dissertation.
Although Raring’s report has not been published,
he has graciously given his consent to establish
Thrincodus palaris herein. Raring’s conodont col-
lection of the Chazy Group has recently been
transferred to the Ohio State University. Figured
specimens are catalogued in the collections of the
Orton Geological Museum.

Occurrence.—Thrincodus palaris was found in a
sample taken 15 ft below the top of the McLish
Formation. T'. palaris also has been reported from
the Chazy Group of New York (Raring, 1972);

Copenhagen Formation and Antelope Valley
Limestone of Nevada (Harris and others, 1979);
Holston Formation of Tennessee (Carnes, 1975);
Woods Hollow Shale of Texas (Bergstrom, 1978);
and Row Park Limestone of Maryland and West
Virginia (Boger, 1976).

Figured specimen.—OSU 37292 (holotype).

Nonfigured paratypes.—OSU 31771, 31772
(illustrated in Carnes, 1975, pl. 2, figs. 6,7), 38701
(illustrated in Raring, 1972, pl. 2, fig. 8).

Genus Triangulodus van Wamel, 1974

Type species.—Scandodus brevibasis
(Sergeeva), sensu Lindstrém, 1971.

Discussion.—Much confusion has arisen con-
cerning the relationship of Trigonodus Nieper,
Triangulodus, Scandodus Lindstrom, and Tripo-
dus Bradshaw. Ethington and Clark (1982, p. 109)
and Cooper (1981, p. 179) discussed the problems
associated with interpretation of those four
genera. Ethington and Clark (1982) contended
that Triangulodus is a junior subjective synonym
of Tripodus and that Scandodus is morphological-
ly similar but composed of hyaline rather than
albid elements.

The apparatus of Scandodus based on the type
species, S. furnishi, appears to be represented by
three hyaline coniform elements corresponding to
three form-species (Lindstrém, 1971, p. 39). Tripo-
dus, established by Bradshaw (1969), was re-
evaluated by Ethington and Clark (1982), who
described five distinct, costate, coniform elements
with albid cusps.

Original reference to Trigonodus by Nieper
(1969) is inconclusive regarding important char-
acteristics (e.g., unimembrate vs. multimembrate
apparatus). Emended Trigonodus (Cooper, 1981)
includes multielement species composed of cos-
tate, coniforin elements. Cooper’s reconstruction
of Trigonodus is similar to that of Tripodus, but
includes hyaline elements.

Triangulodus, as described by van Wamel
(1974), is composed of five elements comparable to
those of Tripodus and Trigonodus. Van Wamel
assigned two species to Triangulodus, T. breviba-
sis (Sergeeva) and T'. subtilis n. sp. The former is
composed entirely of hyaline elements, whereas
the latter is composed of albid elements.

Ethington and Clark (1982) stated that Trian-
gulodus cannot be used for species characterized
by albid elements because Tripodus has priority
by five years. Conversely, species consisting of
hyaline elements should not be included in Tripo-
dus (assuming that that characteristic is of tax-
onomic significance at the generic level). Conse-
quently, the following species are here included in
Triangulodus, because it has a quinquimembrate
apparatus and hyaline elements, which distin-
guish it from Scandodus and Tripodus, respec-
tively. Trigonodus has priority over Triangulo-
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dus, but was established on a single morphologic
form (T. triangularis Nieper) with uncertain mul-
timembrate status.

Van Wamel (1974) established Paltodus vol-
chovensis Sergeeva, a form-species, as the type
species of Triangulodus. P. volchovensis was in-
cluded by the original reviser (Lindstrém, 1971) in
the multielement species Scandodus brevibasis.
Van Wamel (1974, p. 96) agreed with Lindstrém’s
(1971) synonymy of S. brevibasis and retained the
specific name. Consequently, Scandodus breviba-
sis should have been regarded as the type species
of the newly erected multielement genus.

Triangulodus alatus Dzik, 1976
Pl 5, Figs. 3,4,6,9,10

Triangulodus (?) alatus sp. n. Dzik, 1976, p. 422, text-fig.
20f-k, pl. XLI, fig. 2-5.

Eoneoprioniodus alatus (Dzik). Dzik, 1983, fig. 6 (nos.
12,13).

Description.—Apparatus consists of five con-
iform elements corresponding to oistodontiform,
paltodontiform, acontiodontiform, acodontiform,
and erect scandodontiform elements of van Wamel
(1974, p. 96-97) with strongly developed costae
that are basally elongated (Dzik, 1976, p. 422); all
elements hyaline.

Remarks.—Triangulodus alatus is sparsely rep-
resented in the McLish—Tulip Creek section. No
sample contains the complete apparatus,
although each element is represented in the
section.

Dzik (1983) reassigned T. alctus to Eoneo-
prioniodus Mound. Ethington and Clark (1982, p.
88) listed Eoneoprioniodus as a junior synonym of
Pteracontiodus, noting apparatus similarity. Spe-
cies of Pteracontiodus are composed of hyaline ele-
ments comparable to those of Triangulodus;
therefore, that genus may prove to be a more suit-
able generic assignment for T'. alatus.

Occurrence.—Triangulodus alatus was found
between 86 and 694 ft above the base of the sec-
tion. It was described by Dzik (1976) from upper
Llanvirn erratic boulders in Estonia. T'. alatus is
also known from the Holston Formation and
associated strata of eastern Tennessee (= T'. sp. cf.
T. brevibasis of Carnes, 1975, p. 215).

Collection.—64 specimens (25 oistodontiform, 3
paltodontiform, 17 erect scandodontiform, 13 aco-
dontiform, 6 acontiodontiform).

Figured specimens.—OSU 37293-37297, inclu-
sive.

Genus indeterminate, species A
Pl. 5, Figs. 16,17,20-23

Description.—Skeletal apparatus consists of six
types of very small elements. Sa element alate,
with relatively long, denticulate posterior process
and short lateral processes, each with one re-
curved denticle. Sb element like Sa, but lateral
processes not symmetrically disposed. Sc element
bipennate, the anterior process turned to one side.
M? element pastinate, with subequal processes;
anterior and lateral processes weakly denticulate;
posterior process strongly denticulate and slightly
arched.

P elements pastiniscaphate; anterior and poste-
rior processes of Pa element (dextral) subequal,
forming arched bar in lateral profile. Bifid poster-
olateral process extends from cusp at angle of 50—
60° with respect to posterior process; side opposite
primary posterolateral process may have one or
two secondary processes. Pb element has very
long, strongly denticulate anterior and posterior
processes; lateral process short and adenticulate.

Remarks.—The apparatus of genus indetermi-
nate, species A is comparable to that of Amorpho-
gnathus, as suggested by Sweet (personal com-
munication). The elements of genus indetermi-
nate, species A are very small and few. Conse-
quently, it cannot be concluded from the speci-
mens recovered whether the entire apparatus is
represented.

Occurrence.—This species was found near the
top of the McLish Formation (samples 82JA-350,
82JA-360).

Collection.—37 specimens (10 Pa, 12Pb, 7 M, 2
Sa, 3 Sb, 3 Sc).

Figured specimens.—OSU 37298--37303, inclu-
sive.

Genus indeterminate, species B
Pl 5, Figs. 18,19

Description.—Apparatus consists of a series of
small, irregularly denticulate, cap-shaped ele-
ments.

Remarks.—Elements are so small that only two
specimens were recovered on a 100-mesh sieve. On
a 120-mesh sieve, the number of recovered speci-
mens increased to nine. Generic affinities could
not be postulated from recovered specimens.

Occurrence.—This species was found 350 ft
above the base of the section.

Collection.—11 specimens.

Figured specimens.—OSU 37304 and 37305.
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Plate 1

Plate 1

Conodont genera Belodella, Belodina, “Bryantodina,” Coleodus?, Dapsilodus?, and Drepanoistodus

Scanning electron micrographs of specimens coated with gold. Sample numbers prefixed
82J A represent the I-35 sections (see text). OSU catalog numbers are those of the Orton
Museum of Geology, The Ohio State University.

Figs. 24,9 —Belodella sp. cf. B. jemtlandica Lifgren. 2, geniculate coniform element (82JA-81),
% 110. 3, biconvex rastrate element (82JA-76), x 90. 4, planoconvex rastrate element (82JA-81),
% 110. 9, triangular rastrate element (82JA-163). OSU 37191-37194, inclusive.

Figs. 1,5,8.—Belodella robusta Ethington and Clark. I, triangular rastrate element (82JA-403),
x90. 5, biconvex rastrate element (82JA-403), x 100. 8, planoconvex rastrate element
(82JA-534), x130. OSU 37195-37197, inclusive.

Figs. 10,13,14.—Belodina monitorensis Ethington and Schumacher. 10, grandiform rastrate
element (82JA-360), x100. 13, geniculate coniform element (82JA-360), x 100. 14,
compressiform rastrate element (82JA-245), x 100. OSU 37198-37200, inclusive.

Fig. 6.—"Bryantodina” sp. (82JA-66), x100. OSU 37201.

Fig. 7.—Coleodus? sp. (82JA-123), x82.5. OSU 37202.

Figs. 11,12.—Dapsilodus? nevadensis (Ethington and Schumacher). 11, distacodontiform element
(82JA 534), x130. 12, scandodontiform element (82JA-534), x 115. OSU 37203, 37204.

Figs. 18-21.—Drepanoistodus angulensis (Harris). 18, suberectiform element (82JA 66), x95. 19,
homocurvatiform element (82JA-67), x75. 20, scandodontiform element (82JA-66), x 100. 21,
geniculate coniform element (82JA-66), x 70. OSU 37205-37208, inclusive.

Figs. 156-17,22.—Drepanoistodus suberectus (Branson and Mehl). 15, homocurvatiform element
(82J A-623), X 60. 16, geniculate coniform element (82JA-623), x70. 17, homocurvatiform
(scandodontiform) element (82JA-623), X 60. 22, suberectiform element (82JA-623), x 80. OSU
37209-37212, inclusive.
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Plate 2

Plate 2

Conodont genera Eoplacognathus, Erismodus, Erraticodon, Histiodella, and Leptochirognathus

Scanning electron micrographs of specimens coated with gold. Sample numbers prefixed
82J A represent the I-35 section (see text); sample numbers prefixed 72SE represent the
U.S. 77 section (see text). OSU catalog numbers are those of the Orton Museum of
Geology, The Ohio State University.

Figs. 1,2,4—FEoplacognathus sp. 1, dextral pastiniplanate pectiniform element (82JA-81), x 80. 2,
stelllplanate pectiniform element (82JA-97), x80. 4, sinistral pastmlplanate pectiniform
element (82JA-97), x65. OSU 37213-37215, inclusive.

Figs. 3,5,7-9,11,12.—Erismodus arbucklensis n. sp. 3, Pb element (82JA-350), X 120. 5, Pa element
(82JA-360) X 110. 7, Sa element, posterior view (82JA-350), x90. 8, Sba element (82JA-360),
% 110. 9, M element, basal lateral view (82JA-484), x 85. 11, Sc element (82JA-260), x 100. 12,
Sbb element, inner lateral view (82JA-360), x 85. OSU 37216-37222, inclusive.

Figs. 10,13-18.—Erraticodon sp. cf. E. balticus Dzik. 10, Sba element (82JA-163), x50. 13, Pb
element (728E-125), x 55. 14, Sa element (72SE-125), x 70. 15, Sbb element (82JA-623), x 75.16,
Sc element (72SE-125), x 75. 17, M element (82JA-163), x 65. 18, Pa element (82JA-290), x 65.
OSU 37223-37229, inclusive.

Fig. 6.—Histiodella n. sp. 2 Harris and others (82JA-67), x 100. OSU 37230.

Figs. 19-21.—Leptochirognathus quadratus Branson and Mehl. 19, quadratiform element
(82JA-210), x140. 20, primadontiform element (82JA-260), x 115. 21, graciliform element
(82JA-260), x120. OSU 37231-37233, inclusive.
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Plate 3

Plate 3

Conodont genera Neomultioistodus, Oneotodus?, Paraprioniodus, Phragmodus, and
Protopanderodus

Scanning electron micrographs of specimens coated with gold. Sample numbers prefixed
B82JA represent the I-35 section (see text). OSU catalog numbers are those of the Orton
Museum of Geology, The Ohio State University.

Figs. 1-5,7,9.—Neomultioistodus compressus Harris and Harris. 1, Pa element (82JA-66), x60. 2,
Sa element (82JA-66), x110. 3, Sa element, posterior view (82JA-66), x60. 4, Sb element
(82JA-66), x40. 5, M element (82JA-66), x57.5. 7, Pb element (82JA-67), x57.5. 9, Sc element
(82JA-66), x75. OSU 3723437240, inclusive.

Fig. 25.—Oneotodus? ovatus (Stauffer). (82JA-684), x 140. OSU 37241.

Figs. 6,8,11-13,16.—Paraprioniodus sp. cf. P. costatus (Mound). 6, Pa element, anterolateral view
(82JA-66), X 80. 8, Pb element (82JA-66), x 100. 11, Sa element (82JA-66), x65. 12, M element
(82JA-66), x70. 13, Sb element (82JA-66), x 100. 16, Sc element (82JA-66), x100. OSU
37244-37249, inclusive.

Figs. 10,14,15,18,20,24.—Phragmodus flexuosus morphotype A. 10, Sc element (82JA-360), x 70.
14, Pa element (82JA-360), x 70. 15, Sa element (82JA-360), x 62.5. 18, Sb element (82JA-350),
x90. 20, Pb element (82JA-360), x75. 24, M element (82JA-360), x 60. OSU 37250-37255,
inclusive.

Fig. 17.—Phragmodus flexuosus morphotype B. P element (82JA-123), x 65. OSU 37256.

Figs. 19,21-23.—Protopanderodus varicostatus (Sweet and Bergstrém). 19, unistriatiform, with
pronounced lateral costa (82JA-97), X 70. 21, symmetrical varicostatiform element, posterior
view (82JA-97), x75. 22, unistriatiform element (82JA-81), x50. 23, asymmetrical
varicostatiform element (82JA-81), x 100. OSU 3727437277, inclusive.
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Plate 4

Plate 4

Conodont genera Pteracontiodus?, Cahabagnathus, Panderodus, and Plectodina

Scanning electron micrographs of specimens coated with gold. Sample numbers prefixed
82J A represent the I-35 section (see text). OSU catalog numbers are those of the Orton
Museum of Geology, The Ohio State University.

Figs. 1-5.—Pteracontiodus? sp. 1, Sb element (82JA-66), x 50. 2, M element (82JA-66), X 55. 3, Sa
element (82JA-66), x60. 4, P element (82JA-66), x60. 5, Sc element (82JA-66), x 70. OSU
37278-37282, inclusive.

Figs. 6,10,13.—Cahabagnathus directus n. sp. 6, stelliplanate pectiniform element showing bifid
anterolateral process (82JA-360), x80. 10, sinistral pastiniplanate pectiniform element
(82JA-360), x70. 13, stelliplanate pectiniform element showing posterior process (82JA-360),
x100. OSU 37269-37271, inclusive. .

Figs. 7,11.—Cahabagnathus friendsvillensis (Bergstrom). 7, sinistral pastiniplanate element
(82JA-385), x100. 11, stelliplanate element (82JA-385), x 100. OSU 37266, 37267.

Figs. 8,9.—Cahabagnathus sp. 8, stelliplanate pectiniform element (82JA-163), x 60. 9, sinistral
pastiniplanate pectiniform element (82JA-178), x70. OSU 37272, 37273.

Fig. 12.—Panderodus sp. (82JA-285), x100. OSU 37243.

Fig. 14.—Panderodus panderi (Stauffer). (82JA-684), x70. OSU 37242.

Fig. 15.—Cahabagnathus chazyensis Bergstrém. Sinistral pastiniplanate pectiniform element
(82JA-684), x100. OSU 37268.

Figs. 16,19,20,23,24.—Plectodina sp. 16, angulate Pb element (82JA-350), x 140. 19, digyrate M
element (82JA-360), x 130. 20, bipennate Sc element (82JA-350), x 160. 23, digyrate Sb element,
posterior view (82JA-350), x175. 24, pastinate Pa element (82JA-360), x140. OSU
37260-37264, inclusive.

Figs. 17,18,22.—Plectodina sp. cf. P. aculeata (Stauffer). 17, alate Sa element, posterior view
(82JA-534), x150. 18, pastinate Pa element (82JA-534), x135. 22, angulate M element
(82JA-534), x100. OSU 37257-37259, inclusive.

Fig. 21.—Plectodina? sp., digyrate element, posterior view (82JA-699), x95. OSU 37265.
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Plate 5

Plate 5

Conodont genera Scandodus?, Staufferella, “Tetraprioniodus,” Thrincodus, Triangulodus, and
indeterminate

Scanning electron micrographs of specimens coated with gold. Sample numbers prefixed
82J A represent the I-35 section (see text). OSU catalog numbers are those of the Orton
Museum of Geology, The Ohio State University.

Figs. 1,2,5,7,8.—Scandodus? sinuosus Mound. I, acontiodontiform element (82JA-66), x80. 2,
acodontiform element (82JA-66), X 57.5. 5, twisted drepanodontiform element (82JA-66), x 55.7,
straight drepanodontiform element (82JA-66), x 55. 8, scandodontiform element (82JA-66), x 50.
OSU 37283-37287, inclusive.

Figs. 12-14.—Staufferella sp. 12, asymmetrical element, short base (82JA-102), x90. 13,
asymmetrical element, long base (82JA-97), x70. 14, symmetrical element, posterior view
(82JA-81), x100. OSU 37288-37290, inclusive.

Fig. 11.—“Tetraprioniodus” sp. (82JA-86), x 100. OSU 37291.

Fig. 15.—Thrincodus palaris n. gen., n. sp. (82JA-390), x 80. OSU 37292.

Figs. 3,4,6,9,10—Triangulodus alatus Dzik. 3, paltodontiform element (82JA-850), x100. 4,
acodontiform element (82JA-609), x 100. 6, acontiodontiform element, posterior view (82JA-484),
x100. 9, erect scandodontiform element (82JA-375), x100. 10, oistodontiform element
(82JA-519), x 80. OSU 37293-37297, inclusive.

Figs. 16,17,20-23.—Genus indeterminate, sp. A. 16, Pb element (82JA-350), x 95. 17, Pa element
(82JA-350), x190. 20, M? element (82JA-350), x 160. 21, Sb element (82JA-350), x 200. 22, Sc
element (82JA-350), x 170. 23, Sa element (82JA-350), x 185. OSU 37298-37303, inclusive.

Figs. 18,19.—Genus indeterminate, sp. B. 18, upper view (82JA-350), x210. 19, upper view
(82JA-350), x250. OSU 37304, 37305.
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APPENDIX 1
Distribution and Abundance of Conodonts in the I-35 and U.S. 77 Sections

Distribution and abundance of conodonts in the I-35 and U.S. 77 sections are given in Tables Al-1

and Al-2.
Specimens are stored with The Ohio State University conodont collections under OSU 82JA, OSU

72SE, and OSU 72SF.



"IOTORS BY} JO 5BQ Y} dA0qE 939) UL oUE)STP Jussasdal stequunu sidures 'y pgg (1SO Pexyead sepdures [V

8 67 14 99T 68 LLT | 6 4 1e IS¢ | 92 68 4 93 <9 91 0g 24 (44 0c 90v <SI1L relor

g 'ds ‘ejeuruiIa}epul SnuUsY) ‘9g

v ds “ojeuruLIa)epul snuax) ‘Gg

I 4 € T T SNIDID SPOINSUDILL $E

"ds "u “ued u swojod SHPoULLY ] gE

T ‘ds  snporuordniia], ‘Ge

T 14 € g 4 € . “ds pjjeuaflnmiS 18

14 g1 201 SNSONUIS (SNPOPUDIS (L

9 13 "ds jsnponucoviag ‘67

T g L 62 T 4 qT $MID3S0014D0 SNPoLpUDdOI0L RY

“ds jpu1p0gald "Lg

“ds Du1p03o2]d ‘9%

DID3]MID g Jo "dS DUIPOIA] 'GF

[4 14 T 8¢T 2L 99T | L i4 9y 0ge | 81 Ly 9 4 8 9 It 6 ST 9 g ed&joydiowt snsonxa)f snpowBoyd g

v od&joydiowr smsonxay] snpowdolyd gg

€ <9 921 $13D3500 "7 Jo dS snporuoridoing gy

4 I *ds snposapung ‘17

3pund snpoapungd (g

STIDA0 (SMPOJOU() BT

6 16C 68¢ $nssa.dwi0d STIPOISIONNUIOBN T

snyopLponb snypuFonyooydaT )T

T g ‘05 U ojjopousif] 91

T € 4 T [4 T I ! T snowjoq "o 30 ds uopodvILy ‘G

Appendix 1

€ “ds U S1SUd)yINQID SMPOWSILE H1

T 4 g T 9 “ds snygouFosojdosy g1

v ¢ ¢ § |g S e |§ v € 1 |S 7 ¥ ¥ | ¢ STjoaleqns SNpojSIOUDABIT gL

[ ¥4 52 sisuainFup snpojsioundas( 11

S15UBpDAU (STPOJISADT 0T

T *ds ;snpoajoy) -

T L T ‘ds snyusSoqoyny -

“ds "u snpoaa1p snypusoqoYyD)) -

S1Sua]j105pUaLL] SNYIDUSDQOYD)

S15U2A2DYd snyouFoqDYD))

g€ 61 @5 DUIPOFUDRIG,, -

SISUS10J7UOW DUIPOJPg -

12 €3 3 L 12 1 2 1 z 0T 9 8 9 2 popunpwal g 3o "ds vjjapojeg

6
8
L
9
g
14
g
T DISNQO.L D]}2POIayg Y
T
dg

89T €9T | 8GT €ST 8%T €% | 86T €E€T 8%T €31 | LIT gII LOT 0T | 26 16 98 18 9L IL 19 99 S9

NOILVWHO HSI'TOI
STTANVE

50

(VL8 ALrTvO0T NSO)
NOILOES ¢§-T AHL NI SINOGONO)) ¥AFH)) dI'TN], NV HSITOJA 40 AONANDHY] ANV NOLLAMILISI(— -]V ATdV],




51

Appendix 1

“UOT)I9S Y JO 95BQ 9Y} SA0]E 139) UI S0UBISIP Jussaidel stequinu sjdures 'y rgg NSO poxyald sadures [jvx

348

668

663

921

93 9

SPL

LOT

68

62¢

SLy

1

€

84

0g

691

82

9e

L (1] 27

LT 0L

11

| ‘ds ‘9jeuIiiIa)apul snusy)

‘98

¥e

V ds ‘ejeuruLIe}opul SNUay

'gg

SN0 STPOINSUDIL],

e

“ds ‘u “ual U swojod SMPOIULLY ],

‘g€

ds  snporuoridoaaf,, -

T
T

‘A U]jodayiiviS

SMSOTIUIS [SMPOPUDIG

“ds ;snpouodIDLald °

4 STD3S0014D0 SNPOLEPUDA0FOL

“ds goutpo3ddld °

“ds nu1powpald

DiDaINID J Jo "ds Du1p03R]d

L6

6L

9138

98y

69

6¥1

LT

[44

q ed&joydaout snsonxayf snpowsvLyd *

621

98L

[4:14

G6

€99

V adXjoudionr smsonxapf smpowFodyd

sTID3500 " 'Jo -ds snporuoudpiod

4 ‘ds snpotapund *

apund snposapund -

SMIDA0 (SNPOOFUQ

SMSS2.4dUI00 STPOSIONIUIOBN

sngpiponb snypoubos1yooydaT *

g ‘ds U DfopOuSIH

1 Smouppq o Jo ds UOPOIDIIY -

9%

LT

“ds U S15u2JyONGID STPOWSLT

*ds snypouFoonjdoy -

69

LT

(48 9

Ly

[44

€ §ngoadaqns snposouDdal(]

s1sua|nsun snposioundal(q *

S1SUaPDAZU (SNPONSAD(] *

-ds ¢snpoajo)) -

9 “ds snypousoqoyn)) *

4

[48

“ds "u sngoa.s1p SNYFoUTDQOYD)) *

S15Ud]JIASpUdIL] SNYIDUTDQDYD]) *

Sisuakzoyd SnyoUTNqOYD))

“ds  puipopuniig,, -

SISUBI03TUOW DUIPO]D]

| | | ©| =] of &

DSNQOd D]joPOPY

k4

€T

2

€

4 vorpudjyual g 3o "ds vjjapoleg

T

gge

0s¢

62¢

T3¢

06Z 98¢

092

jj°14

092

L¥g

144

(444

61¢

1184

112

012

802

861

88T €81 8LT

ELT

saroadg

NOILVIWHO4 HSITO
+ATINVE

(Ponuyuo))~1-1V T1AV],



Appendix 1

52

"UO1308S B} JO 9SBQ Y} 9A0QE J99] UI 39ULISIP Jueseder stoquinu sfdwes ‘Y pgg NSO poxyold sejdwes [[Vx

9 08 09 91 29 118 | L1 61 281 6 61 8L 102 02 |08 16 68 OIT | 86T L 6 88¢°C 8101
| 'ds ‘ejeuluLio}opul SNUay) '9g
e1 v "ds ‘9jBUIULI)epUI SNUAY) ‘GE
T 4 3 SNIDJD SNPOINTUDLL], b
T “ds "u “uef "u swvynd SNPodULY ], 'Ef
“ds  Snporuordoiia],, ‘G&
T T 4 4 1 “ds ojjasaflnmg 1e
SNSONUIS JSMPOPUDIg (g
“ds jsnponuooviazd "6g
T T T 14 T 1 SNID}S0211DA SNPO.IapUDA0F0Ld 87
€ 9 T “ds (puipopadld LT
8 “ds uzpopdld 9%
DI0a]N0D ' Jo "ds DuUIP00d]d GG
g sdfjoudiow snsonxayf snpowsniyd "5
9 TL [gs ¥T LS L6T [9T 8T 80T L 61 69T 9T 9T [S5 8%6 6L @6 | PLT 9 L9807 vV *dkjoydiout snsonxolf snpoulsniyd “gg
sn103500 " J9 "ds s7poruowdoingd gy
T I 4 [3 “ds snposapund ‘17
120pund sSnposapudd 0%
$MID00 (SNPojoau() ‘Gl
Sn§sa.1duI00 SMP0ISI01 NULOaN 81
T T [4 snyn1ponb snyouFoL1y203daT ‘L1
g 'ds "u pjpopoysty 91
T 1 [ sno1nq " Jo ds UOPOIDLIF 'GT
73 “ds U S75U2]3onqID SNPOWSL b1
“ds snypuFoovydoyy ‘€1
€ T T € 6 T T €1 T 4 0t 14 1 93 L 8 48 T T €08 §M309.12q71S SNPOISI0UDAIL(T "B
s15uaInsun snpos1oundas(y ‘11
s15uapoadu jSnposdng 0T
“ds ¢Smpoajo) ‘6
“ds snyousoqoyn)) °g
[ 68 “ds "u smpoas1p sSnypuSvQOYD)
T [4 € 9 € S1Sua]jIaspual snypusoqQoYD)) ‘9
$15U2AZDYO SNYIPUSTDDYDY) G
“ds  puipoquniug, %
T T 14 € I T T € SISU21071U0OUL DUIPOJdT '€
g L 12 DISNGO D]]2POJag G
6 18 € 1 6 oorpuvjywal g Jo ds ojjapojeg ‘1
Y9y  6Sv | ¥S¥  6%F Vv 68% | PEY ¥GF 6TV  VIP [ 60v | €0F 00F G6E | 068 98C 08€ LLE | GL8 OLE S9¢€ 09% sepadg
NOLLVIWHO,J MaId) drIN], NOLLVINHO HSI'TOIA
LA TdNVES

(Ponunuo) )= T-TV ATAVE



53

Appendix 1

“U0L309S Y3 JO 958 Y} A0QE 199 UL Boue)stp jussardal srequnu o[duwes fy g8 NSO paxyeid sepdues [[v,

06821 | 81 6 Lg 88 | 601 98 1T €8€°T| S8 PG L9 LS 6 L v [4 6Ly L € 44! [e30L
118 g ‘ds ‘@1BUIULIS}8PUL STLUAY) '9F
LE v ds 97BUTULISISPUI SNUBY) 'GE
9 [ 14 T T 21 g T Z [ SNIDID SNPOINIUDLL], "VE
I “ds ‘u “uad ‘u swojod SmpoULLY [ 88
1 ds snpowuoidoija],, ‘28
83 “ds pjpada[lnig 1€
LIT STISOTIUIS (SNPOPUDIS 0E
oy "ds (SnponuodDLAld GG
6L T STjDISOd1IDA SNPOLLPUDA00Ld 'R
124 6 € 9 g 4 0T “ds jou1po2ald " Lg
€1 “ds DuIpoa]d 9%
9 9 DIDaINID J Jo "ds DuIp0Idd]d 6T
8202 d ad4joydiow snsonxal] snpowsviyd ¥g
L00'8 | ST 1£3 11 G6 0€ 8 00€T| 08 eLT 99 144 4 € I 66 L € 0¥T v edk30qdiour snsonxa)f snpowsoyd "¢
61 SMID3500 - Jo ds snporuoidnind ‘3T
¥3 T ¥ T “ds snposapund ‘12
< 14 T 12apund snpoLapund ‘0%
1 T SN0 (SNPOoIoAU() ‘61
$69 ST5594dUI00 STPOISIONUOBN 8T
81 T T sngpaponb snypudolyo0ids] LT
I g 'ds u opjapousty 91
k44 4 8 9 T sno13]0q "5 J0 dS uopoonnLLy ‘G
86 [43 “ds U S1SuajyINqID STPOWSLY "H1
18 “ds snyroufoon]doy "g1
Gz8 4 1 8 € 4 19 g Ly v T I T (44 T S$T302.49QNS STPO3SI0UDAL(F BT
99 sisua|nJup snposiouddaiq ‘11
€ [ S1SUBPDAAU (STPOJISAD( 01
1 “ds ;smpoajo) ‘6

14 “ds snyoudoqoyn)) g

LL -ds "U sngoap SnyIouUSqOYD) ),

oy 9 L 6 g SISU2][IASPUBLL STYIDUTDQOYD)) °Q

1 T S1SUAZDYD SNYIDUSOQDYD) G

(44 “ds _ puipoqunkig, ¥

Ly 14 T € T s1SUa.L071U0W DUIPOJeY ¢

€8 91 DISNQOL D}]aPoj2g g

8ST porpuppqwal g 3o 'ds pjopog 1

1101, | ¥0L 669 V69 ¥89 | 6¥9 689 ¥89 €29 | 619 P19 609 ¥ES | 61 PIS 90S 66¥ | ¥8y 8LV ¥LY 69F saradg

NOLLVIWHO,] MIIU)) dITO],
LATANVE

(Ponunuo) )~ T-TV FTAV],



Appendix 1

54

"a01929s Jo drp (g 10] PAIOILI0D JOU SPOUBISIP ‘UOIBULIO) S} JO 95eq 9] SAOqE J99] UL S0ue)SIp Jussades szequmu o[dures yoe1) ding, ‘uorzoos
3y} Jo aseq 8y dA0qe J99J Ul soue)sIp jussadar szequnu sjdwies YT IS5, poxyead sojdures yeiy dimy, ‘HSZ. NSO poxyead sejdures YSITOIN «

001

Y21 86 143

991

QL 491

81

092 3¢

SIT 2 L1 808

oL

18101,

VY "ds s1eUrULIB)opUT SNUSY)

qg

€ 1€

SnD]D SNPOJNFUDIL],

Ve

"ds u “ued "u swojud SnpoduLIY ]

€8

“ds njjaLalinmig

‘e

14

$NID350014DA SNPOoLIpuUDdoioLg

8%

“ds ;pu1p00d]d

Lg

0L

(43 8 Lg

SET

123 24

491

S6C L2

g8 T 6 6L1

g edLjoydiour snsonxay] snpowFosy g

Ve

v adAjoydaowr snsonxay] snpowSoiyd

‘€%

1T

*ds smpotapung

18

01

(43

Sno1yDq 5 Jo "dS UOPOIYDILT

ST

“ds U S15uajyoNqID STPOWSIIT

48

g1

“ds snyzousoovydog

et

1T

91 &I 4

81

G

LT T

02 T € 91

T

snpoaLaqns MBNuOummeﬁﬁmwka °

Si1suapoaau jsnpopsdoq

‘ds jsnpoajo) -

LE 4

1T [4

*ds snyjoudoqoyn)) *

"ds "u snpaup snygousoqoyn)) -

swsuapjraspuate] snypouSoqoyn))

$1SUAIOJTUOW DUIDOJAG

4 4 €

035101 DI[apOjPy

€T T

1 I

T 14

atpuvgwal g 30 ~ds vjjapojeg -

762

48¢ 0L 89%C

ti44

1A 444

012

861 98T

VLT 29T 091 921

00T

soToadg

NOLLVWHO,§ HSFTOI

+TTANVE

(ISTL “ASEL SAUITVOOTT NSO) NOLLOFS LL *S'(]
HHL NI SINOJONO)) MITH]) dI'10], ANV HSITOJAl 40 XONHNDEYJ ANV NOILASINISI(J—g-TV TTIa9V],




55

Appendix 1

uor3oas jo dip
9y} Jo 8sBq 33 2A0QE 199] UI SdUR)SIp Juasaidol siaqunu d(dwes ysII ‘JASEL P

,0G 10J Pa393LI0D J0U SIOUB)SIP ‘UOIIRULIO} B3 JO ISB( Y]} SA0qE J33] UL SIUR)SIP quasesdes szequinu sydures yao1) di[ng, ‘uoI}09es
oxye.d sefdures yea1) dimy, ‘ASZ. NSO Peoxiyoad sojdures YsrTOI «

€oLv| wo¥ 6S1 9951 LS | ¢ 661 181 9z 00T| 15 98T 3L S (45 [e30L
H4 [4 y -ds ‘ejeuruiIsjapul snusf) "Gg
931 L g 03 g 12 T €2 4 g SMID]D SNPOINBUDLL], “$E
1 T “ds 'u “ueB 'u s1ojod SNPoIUNIY ], "€E
12 T ! T T € “ds ojja42fJno1S 18
L TT 4 L 14 SMIDIS0014DA SNPOLaPUDA0I0Ld 8T
9 S “ds ;puIpopald LG
¥93'T 4 9% S v g odkoydiow snsonxa]] SpowEIYg Vg
165G | GFe 9g1 LEV'T &F | 92 89  ¥OI VI oy 06 v edXjoqdiow snsonxa}f snpowsoLyd ‘¢
6€ 3 -ds snpotapund ‘17
z8 4 14 9 4 snongyoq 5 '} "ds uOpoONDILT QT
LY 8 8 1 “ds U S1SUdJYoNqID SNPOWSHY ‘1
(114 “ds smyppudoonjdos €1
0gs 6y 0z SL 8 148 e ¢ 14 Le | ¥ 98 9 9 $7139249QNS SNP0jSI0UDdaL(F BT
T S1SUapDadU (SNPoIsdo 01
1 T *ds ¢smpoajo) ‘6
19 9 “ds snypuSoqoyv) '8
9 9 “ds U §7130241p SNYIOUFTDQOYD)) L,
¥e L 6 4 6 4 € s1sujjIaspuaLl] snyoudoqoyD)) 9
81 T € 8 1 S1SUIL0JTUOW DUIPOIAY "©
1¢ e1 L DISNQOd DJ]2pojeyg g
88 I LT H T porpuvjual g 3o ds vjjapojed 1
0L 09 o01¢| S¥S 62S| 9IS 99 OvF 8%y ¥8E| GLE 8¥E 9EE  ¥GE  90E s9198dg

NOLLVIWHO,|
HAAL])

dring,

NOILVINYOJ HSI'TOI

+ATANVEG

(Pomunuo) "g-TV 1AV,



56 INDEX

"Acodus” variabilis 16

Acontiodus nevadensis 16

Alabama 13,14,19,25,27,29

Amorphognathus 31

Amorphognathus tvaerensis Zone 11

Antelope Valley Limestone 8,9,13,14,17,21,25,30

Antelope Valley Formation 24

Appalachian Mountains 29

Appalachignathus 30

Arbuckle Mountains 1,18

Arbuckle anticline 2

Arbuckle Group 1,2

Arctic Canada 22

Arkansas 12,19

Ashbyan Stage 7,8

Australia 12,19

Bay Fiord Formation 22

Belodella 4,11-13

Belodella erecta 12

Belodella jemtlandica 12,13

Belodella nevadensis 12,13

Belodella robusta 4,5,7,12,13,(Plate 1),(Appendix 1)

Belodella sp. cf. B. jemtlandica 4,5,11-13,(Plate 1),
(Appendix 1)

Belodina 12

Belodina monitorensis 4,5,7,10,12,13,(Plate 1),(Appen-
dix 1)

Bergstroemognathus 30

Besselodus 16

Besselodus sp. 16

biostratigraphy and chronostratigraphy 5-9

Blackriveran Stage 7,8,11

brachiopods 5,7

Bromide Formation 1,2,7,8,11,16,25

see also Mountain Lake Member

Bryantodina 13,14

“Bryantodina” sp. 13,14,(Plate 1)

bryozoans 5,7

Cahabagnathus 4,8,14

Cahabagnathus chazyensis 5,8,14,(Plate 4),(Appendix 1)

Cahabagnathus directus n. sp. 5,6,14,15,(Plate 4),
(Appendix 1)

Cahabagnathus friendsvillensis 5,7,8,10,14,15,(Plate 4),
(Appendix 1)

Cahabagnathus friendsvillensis chronozone 8

Cahabagnathus friendsvillensis Zone 8

Cahabagnathus lineage 8

Cahabagnathus sp. 4,5,8,15,(Plate 4),(Appendix 1)

Cahabagnathus sweeti 8,15

Cahabagnathus sweeti chronozone 8

Canadian Shield 2

Champlainian Series 8

Chazy Group 8,14,17,25,29,30

see also Day Point Formation

Chazyan Stage 7,8,11,17

Chickamauga Limestone 13,25

Chirognathus 17

chitinozoans 5

Chota Formation 13

Cincinnatian Series 8

Coleodus 15

Coleodus simplex 15

Coleodus? sp. 5,15,(Plate 1),(Appendix 1)

Composite Standard Section 8-10

conodont distribution 4

conodont fauna 4 9,11

conodont fauna 5-6 7-9,11

conodont fauna 7 11

conodont faunas 4

conodont ranges 6

conodont samples 4

Copenhagen Formation 12,13,16,19,30

Crystal Peak Dolomite 8,9,12,16,19,25,26

Dapsilodus 15,16

Dapsilodus? nevadensis 5,7,15,16,(Plate 1),(Appendix 1)

Day Point Formation 14,17

depositional environments 2

Distacodus variabilis 16

Distacodus aff. D. bigdoeyensis 16

District of Mackenzie 19

Drepanoistodus 16

Drepanoistodus angulensis 5,16,(Plate 1),(Appendix 1)

Drepanoistodus basiovalis 16 ]

Drepanoistodus forceps 16

Drepanoistodus suberectus 5,10,16,17,(Plate 1),(Appen-
dix 1)

Dutchtown Formation 7,21

Eoneoprioniodus 31

Eoplacognathus foliaceus 4,17

Eoplacognathus foliaceus—E. reclinatus transition
8,17,25

Eoplacognathus lineage 8

Eoplacognathus reclinatus 17

Eoplacognathus reclinatus transition 4

Eoplacognathus sp. 1,4,5,8,10,17,25 (Plate 2),(Appendix
1)

Eoplacognathus suecicus 8,25

Erismodus 17-19

Erismodus apparatus 18

Erismodus arbucklensis n. sp. 3-5,18,(Plate 2),(Appen-
dix 1)

Erismodus asymmetricus 18

Erismodus quadridactylus 18

Erismodus symmetricus 18

Erraticodon 17-19

Erraticodon aff. E. balticus 7

Erraticodon balticus 19

Erraticodon patu 19,20

Erraticodon sp. cf. E. balticus 4,5,19,20,(Plate 2),
(Appendix 1)

Estonia 31

Eureka Quartzite 19

Everton Dolomite 21,24

Fort Pena Formation 16

gastropods 7

genus indeterminate sp. A 5,31,(Plate 5),(Appendix 1)

genus indeterminate sp. B 5,31,(Plate 5),(Appendix 1)

Georgia 13,14,25

Glenwood Formation 23

graphic correlation 10

Great Basin 9,29

Histiodella 9,20,30

Histiodella altifrons 30

Histiodella holodentata 20,30

Histiodella n. sp. 2,4,5,14,20,21,30,(Plate 2),(Appendix
1)

Histiodella sinuosa 9

Holston Formation 13,25,30,31

Horn Valley Siltstone 12,19

Hunton Group 2
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Ibexian Series 8
Indiana 21,24
Joins Formation 1,2,9,16,22,24,28
Jumudontus gananda 14
Kanosh Formation 16,22
Kanosh Shale 28
Lehman Formation 12,16,19,22,24
Lenoir Limestone 13,14,17,25
Leptochirognathus gracilis 21
Leptochirognathus n. sp. 21
Leptochirognathus prima 21
Leptochirognathus quadratus 5,7,10,21,22,(Appendix 1)
Leptochirognathus semiflorealis 21
Llanvirn 31
Lunne quarry 12
Mackenzie Mountains, Canada 14,22,24
Marmorian Stage 7,8
Maryland 21,25,30
McLish Formation 1,11-14,17,19-21,23-31,(Appendix
1)
chronostratigraphic relationships 7
conodont ranges 6
correlation 11
depositional environments 2
faunal succession 2
graphic correlation 10
sampled sections 3
strata of the lower McLish 9
stratigraphy and structure 1
Midcontinent Province 4,7
Minnesota 23
Missouri 7,21
Mohawkian Series 8,11
Mountain Lake Member 1,8,11,16
Multioistodus 22
Multioistodus compressus 22,28
Multioistodus (Neomultioistodus) compressus 22
Multioistodus subdentatus 7,22
Mystic Formation 12
Neomultioistodus 9,14,21,22 24
Neomultioistodus association 4,9
Neomultioistodus compressus 4,5,16,22,28 (Plate 3),
(Appendix 1)
Nevada 8,9,12-14,16,17,19,21,24,25,30
New Market Formation 25
New York 14,17,25,29,30
Newfoundland 12,19,24
North Atlantic Province 4,7,8
Oil Creek Formation 1,2,9,11,16,22,24
Oklahoma 16-18,22,24,28,29
Oneotodus 22,23
Oneotodus? ovatus 5,9,10,23,(Plate 3),(Appendix 1)
ostracodes 5,7
Oulodus 17,19
Oulodus apparatus 18
Paltodus volchovensis 31
Panderodus 23
Panderodus gracilis 23
Panderodus panderi 5,9,10,23,(Plate 4),(Appendix 1)
Panderodus sp. 5,23,(Plate 4),(Appendix 1)
Paraprioniodus 9,14,21,23,28
Paraprioniodus costatus 23,24,28
Paraprioniodus costatus—Chosonodina rigbyi—-Histio-
della holodentata interval 9
Paraprioniodus sp. cf. P. costatus 4,5,23,24,28,(Plate 3),
(Appendix 1)

Phragmodus 8,9,24,25,27

Phragmodus apparatus 26

Phragmodus flexuosus 4,7,9,24

?Phragmodus flexuosus 7,24,25

Phragmodus flexuosus association 9

Phragmodus flexuosus flexuosus 25

?Phragmodus flexuosus interval 8

Phragmodus flexuosus morphotype A 4,5,10,24-27,
(Plate 3),(Appendix 1)

Phragmodus flexuosus morphotype B 4,5,8,10,24-26,
(Plate 3),(Appendix 1)

Phragmodus inflexus 7

Phragmodus tortus 8,25

Pinesburg Station Dolomite 14,21,25

Plectodina 5,16,25-27 (Plate 4),(Appendix 1)

Plectodina aculeata 7,26

Plectodina glenwoodensis 25

Plectodina sp. cf. P. aculeata 25-27,(Plate 4),(Appendix
1)

Plectodina? sp. 5,27,(Plate 4),(Appendix 1)

Pogonip Group 9,20

Polyplacognathus friendsvillensis 14

Polyplacognathus friendsvillensis—P. sweeti transition 8

Polyplacognathus sweeti 8

Pooleville Member 1

Pratt Ferry Formation 13,19,27,29

Prioniodus costatus 24

Prioniodus gerdae 8

Prioniodus gerdae subzone 8

Protopanderodus 27

Protopanderodus varicostatus 4,5,10,27,(Plate 3),
(Appendix 1)

Protopanderodus cf. varicostatus 27

Pteracontiodus 27,28,31

Pteracontiodus aquilatus 27

Pteracontiodus? sp. 15,27,28,(Plate 4),(Appendix 1)

Pygodus 29

Pygodus anserinus Zone 8,11

Pygodus lineage 8

Pygodus serra 8

Pygodus serra Zone 8,11

Quebec 12,14

Road River Formation 14

Row Park Limestone 14,21,25,30

St. Dominique Limestone 14

Scandodus 9,21,24,28,30

Scandodus brevibasis 28,31

Scandodus furnishi 28,30

Scandodus? sinuosus 4,5,28,(Plate 5),(Appendix 1)

Scandodus unistriatus 27

Scolopodus bulbosus 29

Scolopodus cornuformis 29

Scolopodus varicostatus 27

Sevier Shale 13

Simpson Group 1,2

Staufferella 28,29

Staufferella falcata 29

Staufferella sp. 4,5,12,29,(Plate 5),(Appendix 1)

Sunblood Formation 19,22,24

Sweden 12

Sylvan Shale 2

systematic paleontology 9

Table Head Formation 12,19,24

Tennessee 13,14,17,25,30,31

Tetraprioniodus 29

Tetraprioniodus lindstroemi 29
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“Tetraprioniodus” sp. 5,29,(Plate 5),(Appendix 1)

Texas 13,16,21,29,30

Thrincodus n. gen. 29,30

Thrincodus palaris n. gen. n. sp. 5,29,30,(Plate 5),
(Appendix 1)

Triangulodus 30,31

Triangulodus alatus 5,31,(Plate 5),(Appendix 1)

Triangulodus brevibasis 30

Triangulodus sp. cf. T. brevibasis 31

Triangulodus subtilis n. sp. 30

Tricladiodus 22

Trigonodus 30

Trigonodus triangularis 31

trilobites 5,7

Tripodus 30

Tulip Creek Formation 1,11-17,19,21,23-27,29,31,
(Appendix 1)

chronostratigraphic relationships 7

conodont ranges 6
correlation 11
depositional environments 2
faunal succession 2
graphic correlation 10
sampled sections 3
stratigraphy and structure 1
Utah 7-9,12,16,19,20,22,24,25,28
Valcourea 8
Vermont 14,25
Viola Group 1,2
Watson Ranch Quartzite 16,19,24,28
West Spring Creek Formation 22
West Virginia 14,21,25,30
Whiterockian Series 7,8,11
Womble Shale 12,19
Woods Hollow Shale 13,21,30



