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Abstract. Nine longiconic cephalopod species of Desmoinesian (Middle Pennsylvanian; upper Carbonifer-
ous) pseudorthoceratid orthocerids are described from the Buckhorn Asphalt Lagerstiitte (Boggy Formation)
in Southcentral Oklahoma, Midcontinent North America. The fauna consists of Pseudorthoceras knoxense
(McChesney), Arbuckleoceras tricamerae (Smith), Bitaunioceras buckhornense (Smith), Cyrtothoracoceras? sp.,
Dolorthoceras boggyense sp. nov., Smithorthoceras unicamera (Smith), Sueroceras oklahomense (Smith), Sul-
Pphurnites taffi sp. nov. and Unklesbayoceras striatulum sp. nov. Bitaunioceras buckhornense represents the first
Pennsylvanian and therefore the oldest record of this genus. Arbuckleoceras gen. nov. differs from a comparable
genus, Shikhanoceras, in possessing a weak exogastric curvature with a circular cross section of the conch and
in lacking a conspicuous inflation at the embryonic shell. Smithorthoceras gen. nov. resembles orthoceratids
rather than pseudorthoceratids in characters of camerae and siphuncle; however it refers to the Pseudorthoc-
eratidae by having endosiphuncular deposits. These similarities seem to be the result of convergent evolution.
Endosiphuncular deposits in Sulphurnites gen. nov. initiate at apical and adoral junctions between septal neck
and connection ring, whose characters are unique for pseudorthoceratids. Unklesbayoceras gen. nov. differs from
Mitorthoceras in having the endogastric conch, longer camerae and a less eccentric siphuncle. Taxonomic status
of these orthoceratids was uncertain in previous biogeochemical and morphological studies. Sediments in the
Buckhorn Asphalt Lagerstiitte were deposited in a tropical epeiric sea (the Midcontinent Sea). Small, restricted
marine basins, like that in this Oklahoma occurrence, probably provided an orthocerid refuge habitat as indi-
cated by the high diversity and provincialism in comparison with other Middle Pennsylvanian (= Moscovian)
faunas in other regions of the world.

Key words: Boggy Formation, Desmoinesian, Middle Pennsylvanian, Oklahoma, Orthocerida, Pseudorthocera-
tidae

Introduction

The Buckhorn Asphalt Quarry is situated approxi-
mately 10 km south of the community of Sulphur in Mur-
ray County, Southcentral Oklahoma, Midcontinent North
America (Figure 1). Deposits in the quarry contain one
of the best preserved Palaeozoic faunas in the world.
Because of the outstanding preservation with impreg-
nated hydrocarbons, Seuss et al. (2009) termed the local-
ity as an “Impregnation Fossil Lagerstétte”. This study
documents the orthocerid cephalopod fauna from this
Lagerstitte.

The Buckhorn Asphalt Lagerstitte belongs to the
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Boggy Formation, the name that was introduced by
Taff (1899) for a Middle Pennsylvanian (upper Carbon-
iferous) marine unit in south-central to south-eastern
Oklahoma. Shale is predominant in the formation with
subordinate amounts of sandstone, coal, and limestone
(Ham, 1969; Hemish and Suneson, 1997). The top of
the formation has been removed by erosion in the Buck-
horn Asphalt Quarry, where the Virgilian (Upper Penn-
sylvanian) Ada Formation unconformably overlies the
older unit (Squires, 1973). Asphalt stained deposits are
found below the unconformity only and have a thick-
ness of approximately 10 m. The specimens examined
in this study were collected from the asphaltic limestone
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Figure 1. Map showing the geographic position of the Buckhorn Asphalt Lagerstitte (= locality OKD-53; GPS NAD84: 34°26'44"N,

96°57'41"W) in Murray County, Southcentral Oklahoma, North America.

(“‘cephalopod coquina”; see Figure 2) that is 0.5 m thick
and 3.5 m below the unconformably upper surface of the
deposits (Seuss et al., 2009; Emst et al., 2016). Rowland
et al. (1973) recorded the fusulinids Fusulina and Wede-
kindellina from the cephalopod horizon that indicate
Desmoinesian (= Moscovian; upper Carboniferous) age,
and this age assignment is supported by the ammonoid
fauna summarized by Unklesbay (1962).

Repositories—The specimens examined are reposited
in the American Museum of Natural History in New York
City (prefixed AMNH) and in the Bayerische Staatssam-
mlung fiir Paldontologie und Geologie in Munich (pre-
fixed BSPQG).

Systematic palaeontology

Subclass Nautiloidea Agassiz, 1847
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Order Orthocerida Kuhn, 1940
Superfamily Pseudorthoceratoidea Flower and Caster,
1935
Family Pseudorthoceratidae Flower and Caster, 1935
Subfamily Pseudorthoceratinae Flower and Caster, 1935

Genus Pseudorthoceras Girty, 1911

Bype species—Orthoceras knoxensis McChesney,
1859.

Pseudorthoceras knoxense (McChesney, 1859)
Figure 3A-C, G
Orthoceras knoxensis [sic] McChesney, 1859, p. 69.

Pseudorthoceras knoxense (McChesney). Girty, 1911, p. 143; Sturgeon
et al., 1997, p. 23, pl. 1-3, figs. 1-21 [with earlier synonymy];
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Figure 2. The Buckhorn Asphalt Lagerstitte. A, a full view into the northeastern area of the Buckhorn Asphalt Quarry. B, an outcrop
showing unconformity between the Ada and Boggy Formations. Asphalt-stained deposits are found just below this unconformity. C, the floor
of the quarry that is mainly built by the “cephalopod coquina”. D, freshly broken block of the “cephalopod coquina” showing the intense

stain with asphalt and the high amount of cephalopod fragments.

Kroger and Mapes, 2004, p. 562, figs. 1.7, 4, 5.9, 6.7, 6.15 [with
additional synonymy].

Description—Two fragmentary specimens includ-
ing an apical shell and a deformed more adoral phrag-
mocone are available for this study; they are longiconic
orthocones; embryonic shell exhibits faint endogastric
curvature; except for vicinity of apex that has very weak
longitudinal lirae, shell surface lacks ornamentation.
Sutures directly transverse; camerae short; dorsoven-
tral section prepared from adoral shell shows siphuncu-
lar structure of cyrtochoanitic septal necks and strongly
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inflated ventral connecting rings; dorsal part of the larger
specimen is mostly crushed. Endosiphuncular deposits
form continuous lining on ventral siphuncular wall; cam-
eral deposits differentiated into episeptal-mural and hypo-
septal.

Material examined—AMNH 5892, 5893.

Discussion.—Numerous specimens exhibiting wide
morphological variations have been assigned to Pseudor-
thoceras knoxense, whose stratigraphic range is excep-
tionally long, with a range spanning the Chesterian (Late
Mississippian, early Carboniferous; Kroger and Mapes,
2004) to Wordian (middle Permian; Gordon, 1964).
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Figure 3. A-C, G, Pseudorthoceras knoxense (McChesney, 1859); A, G, AMNH 5893; A, ventral view; G, dorsoventral thin section,
showing ventral siphuncular wall; B, C, apical shell, AMNH 5892; B, ventral view; C, lateral view, venter on right. D, Dolorthoceras bog-
gyense sp. nov., paratype, AMNH 5917, dorsoventral thin section, venter on left. E, F, H-J, Sulphurnites taffi sp. nov., holotype, AMNH
5997; E, lateral view, venter on right; F, septal view, venter down; H, dorsoventral thin section, venter on left; I, partial enlargement of H to
show dorsal septal neck; J, partial enlargement of H to show details of siphuncular structure. Arrows in J indicate incipient parts of endo-
siphuncular deposits. K, Smithorthoceras unicamera (Smith, 1938), AMNH 5959, dorsoventral thin section, venter on right, showing details
of cameral and endosiphuncular deposits (arrow). Scale bar is 40 mm in A; 20 mm in B, C, E; 8§ mm in D, G, H; 10 mm in F; 0.8 mm in
I; 3.3 mmin J; 4 mm in K.
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Pseudorthoceras knoxense was first recorded by Smith
(1938, p. 5, 6, pl. 1, figs. 10-12) from the Buckhorn
Asphalt Lagerstitte. Characters of the present specimens
also fall within the morphologic range of P. knoxense
accepted by previous workers. However, direct compari-
son between them and the syntypes from the Pennsylva-
nian McLeansboro Group of Illinois is difficult, because
the original description by McChesney (1859) is too
simple to clarify their details and his publication lacks
illustrations. There is a possibility that this taxon con-
tains several not yet described species or subspecies. This
would require reexamination of the types and revision of
the specific diagnosis.

Subfamily Spyroceratinae Shimizu and Obata, 1935
Genus Arbuckleoceras gen. nov.

Type species.—Orthoceras tricamerae Smith, 1938, by
monotypy.

Diagnosis.—Conchs longiconic with weak exogastric
curvature, gradual expansion and circular cross sections;
shell surface except apical portion lacks ornamentation;
apex bluntly pointed, marked by transverse and longitu-
dinal surface lirae; sutures directly transverse; camerae
relatively long; siphuncle nearly central in position; sep-
tal necks short and orthochoanitic to suborthochoanitic;
connecting rings cylindrical; parietal endosiphuncular
and mural cameral deposits recognized.

Etymology—The generic name is derived from the
Arbuckle Mountains, and the locality of the type species
of the new genus is situated at the northern edge of these
mountains.

Discussion.—Possession of the cylindrical connecting
rings and the parietal endosiphuncular deposits warrant
a subfamilial assignment of Arbuckleoceras gen. nov.
In known genera of Spyroceratinae, Arbuckleoceras is
most similar to the early Permian genus, Shikhanoceras
Shimansky, 1954, from the southern Urals. However,
a conspicuous inflation at the embryonic shell, which
represents the most characteristic diagnostic feature of
Shikhanoceras, is not developed in Arbuckleoceras. Dif-
ferences in the shapes of the adoral conch, i.e., Arbuck-
leoceras shows a weak exogastric curvature with circular
cross section, whereas Shikhanoceras has orthoconic and
laterally compressed conchs. These features are useful to
distinguish between these genera.

Dolorthoceras Miller, 1931, is a well known and wide-
spread genus ranging from the Early Devonian to early
Permian (Flower, 1939; Sweet, 1964). This genus also
resembles Arbuckleoceras, but it differs in having an
orthoconic conch and subcylindrical to barrel-shaped
connecting rings with an abrupt constriction at the septal
foramina. In addition, the camerae of Dolorthoceras are
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shorter than those of Arbuckleoceras.

Arbuckleoceras tricamerae (Smith, 1938)

Figures 4, 6N

Orthoceras tricamerae Smith, 1938, p. 9, pl. 1, figs. 8, 9.

“Orthoceras” sp. A, Ristedt, 1971, pl. 28, fig. 19, pl. 29, fig. 1, pl. 31,
fig. 2, pl. 34, fig. 6, pl. 36, figs. 1, 3, 4, pl. 37, figs. 1, 4, 5, pl. 38,
figs. 1,2,6,7,9, pl. 39, figs. 1, 2,4-6, 9, pl. 42, figs. 2, 6; Tanabe
and Uchiyama, 1997, fig. 9.

Orthoceras sp., Blind, 1987, pl. 1, figs. 5, 6, pl. 3, fig. 2, pl. 4, figs. 1-4;
text-figs. 2, 5, 7; 1988, text-figs. 1, 5, 7D, 9B, 10A—F; 1991, pl. 1,
figs. 1-6, pl. 2, figs. 1-5, pl. 3, figs. 1-6, pl. 4, figs. 1-6, pl. 5, figs.
1-6, pl. 6, figs. 1-6.

Orthoconic nautiloid, Sadd, 1991, figs. 8-A, B; Seuss et al., 2012a, fig.
3C.

Pseudorthoceras sp., Seuss et al., 2009, fig. 171.

Description.—Longiconic conchs with weak exogas-
tric curvature and circular cross sections; conch expan-
sion is gradual, 4-5° in angle; except for apical portion,
shell surface lacks ornamentation; no peristome pre-
served. Embryonic shell indicates asymmetrical profile
in lateral view; apex shifts to ventral side and is bluntly
pointed; apical angle approximately 40° in lateral view;
the most apical portion of 1.3 mm length from apex has
transverse lirae; in addition, weak longitudinal lirae form-
ing cancellate ornamentation are developed on ventral
surface of this portion. Sutures directly transverse; cam-
erae relatively long for the family, indicating form ratios
(maximum width/length) of 1.5-1.9; siphuncle nearly
central in position; siphuncular wall consists of orthocho-
anitic to suborthochoanitic septal necks and thin connect-
ing rings; length of septal necks short, 0.27-0.29 mm at
approximate conch diameter of 4 mm; shapes of connect-
ing rings are cylindrical with very weak constrictions at
septal foramina. Endosiphuncular deposits are weak; thin
parietal deposits developed on ventral siphuncular wall;
cameral deposits mural.

Material examined —AMNH 5894-5913.

Discussion.—Morphologies of the examined speci-
mens herein agree well with the specific definition of
Orthoceras tricamerae Smith, 1938, described from the
Buckhorn Asphalt Quarry. The diagnosis of Orthoceras
Bruguiere, 1789, was emended by Flower (1962) as a
genus having three longitudinal furrows at mid-length
of the body chamber and the empty siphuncle. Thus, the
generic placement by Smith (1938) is revised.

Well preserved embryonic shells of Arbuckleoceras tri-
camerae were documented by Ristedt (1971) and Tanabe
and Uchiyama (1997) as “Orthoceras” sp. A and by Blind
(1987, 1988, 1991) as Orthoceras sp. Their results reveal
the presence of a distinct cicatrix that is not observed in
the present material owing to sediment coverage.
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Figure 4.  Arbuckleoceras tricamerae (Smith, 1938). A, AMNH 5896, lateral view, venter on left; B, F, I, J, M, AMNH 5990; B,
dorsal view; F, septal view of adoral end, venter down; I, dorsoventral thin section, venter on left; J, partial enlargement of I, showing details
of details of ventral septal neck; M, partial enlargement of I to show details of cameral and endosiphuncular deposits (arrows); C, D, G,
AMNH 5903; C, lateral view, venter on left; D, G, partial enlargements of C, showing details of apical shell; E, AMNH 5897, ventral view;
H, K, L, AMNH 5898; H, ventral view; K, dorsoventral thin section, venter on right; L, partial enlargement of K to show details of cameral
deposits. Scale bar is 20 mm in A-C, E, H; 8 mm in D, I, K; 10 mm in F; 4 mm in G, L, M; 0.8 mm in J.
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Figure 5. A, B, D-1, Bitaunioceras buckhornense (Smith, 1938). A, B, AMNH 5981; A, dorsal view; B, septal view of apical end,
venter down; D, G, I, AMNH 5979; D, dorsal view; G, partial enlargement of I to show details of siphuncle; I, dorsoventral thin section,
venter on left; E, AMNH 5985, side view; F, AMNH 5978, lateral view, venter on left; H, AMNH 5980, lateral view, venter on right. Arrow
in I indicates shell constriction. C, Sueroceras oklahomense (Smith, 1938), AMNH 5996, details of surface ornamentation. Scale bar is § mm

in A, B, D-F, H; 4 mm in C, [; 0.8 mm in G.

Genus Bitaunioceras Shimizu and Obata, 1936

Bype species—Orthoceras bitauniense Haniel, 1915.

Discussion.—See Niko and Nishida (1987) for discus-
sions, including diagnostic emendations, superfamilial to
subfamilial assignments and constituent species, of the
genus Bitaunioceras.

Bitaunioceras buckhornense (Smith, 1938)
Figure 5A, B, D-1

Orthoceras indianum var. buckhornense Smith, 1938, p. 9, pl. 1, fig. 7.
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“Orthoceras” with imbricate ornamentation, Fisher and Teichert, 1969,
p. 11, text-fig. 6.

Dolorthoceras incisum Gordon, 1964. Crick, 1982, pl. 1, figs. 1, 4.

Dolorthoceras caneyanum (Girty, 1909). Crick, 1982, pl. 1, fig. 5.

Description—Longiconic orthocones with circu-
lar cross sections and gradual conch expansion, 3—4° in
angle; shell surface is ornamented by distant transverse
lirae; there are 2—6 lirae per 1 mm at approximate conch
diameter of 4 mm; internal mold of conch marked by
shallow transverse constrictions due to internal thick-
ening of shell walls; distance of adjoining constrictions
nearly equals corresponding conch diameter; peristome
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and embryonic shell are unknown. Sutures directly trans-
verse; camerae long with maximum width/length ratios of
1.3-1.5; septal curvature deep; siphuncle central in posi-
tion; siphuncular wall consists of suborthochoanitic septal
necks and thin connecting rings; length of septal necks is
short, 0.21-0.29 mm at conch diameter of approximately
4 mm; shapes of connecting rings are subcylindrical with
weak constrictions at septal foramina. Thick parietal
endosiphuncular deposits developed on ventral and dor-
sal siphuncular walls; ventral deposits form continuous
lining; cameral deposits well developed, episeptal-mural
and hyposeptal.

Material examined—AMNH 5977-5991.

Discussion.—The present cephalopod taxon was pro-
posed by Smith (1938) as a variety of Orthoceras indi-
anum Girty (1909, p. 47, pl. 6, figs. 13, 13a) from the
Chesterian (Upper Mississippian; = lower Carbonifer-
ous) Caney Shale in Oklahoma on the basis of similarities
of gross conch shape and surface ornamentation. How-
ever, a phylogenetic relationship between these two taxa
is uncertain because of the unknown internal morpholo-
gies of the Mississippian species.

The transverse constrictions made by internal shell
wall thickenings of this species warrant a placement in
Bitaunioceras. The discovery from the Desmoinesian
rocks represents the oldest and first Pennsylvanian record
of this genus. Previous stratigraphic records of the genus
range from the Sakmarian (lower Permian) of the south-
ern Urals (Shimansky, 1954) and central Japan (Niko and
Nishida, 1987) to the Guadalupian (middle Permian) of
Sicily (Gemmellaro, 1890) and northern Mexico (Miller,
1944).

Genus Cyrtothoracoceras Turner, 1954
Type species.—Cyrtoceras tuberculatum M’Coy, 1844.

Cyrtothoracoceras? sp.
Figure 6A, B

? Thoracoceras sp., Seuss et al., 2009, fig. 17K.

Description—A single slightly deformed, fragmentary
phragmocone, 8.5 mm in length and approximately 1.8
mm in diameter near its adoral end; conch longiconic pro-
ducing slight curvature, cross section circular and expan-
sion gradual; shell wall longitudinally fluted with ridges
and concave interspaces; crests of ridges may be granu-
lar; concave septa shallow; camerae relatively short.

Material examined —AMNH 6113.

Discussion.—Siphuncular structure of the specimen
has not been preserved, but it is tentatively placed in Cyr-
tothoracoceras because its external characters resemble
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those of C. dombarense Shimansky, 1968, from the lower
Carboniferous in the southern Urals.

Genus Dolorthoceras Miller, 1931
Type species.—Dolorthoceras circulare Miller, 1931.

Dolorthoceras boggyense sp. nov.
Figures 3D, 7

Dolorthoceras n. sp., Smith, 1938, p. 6, pl. 1, figs. 13, 14.

? Pseudorthoceras sp., Fisher and Teichert, 1969, p. 11 (part), pl. 1,
fig. 2.

Mooreoceras normale Miller, Dunbar and Condra, 1933. Crick, 1982,
pl. 1, fig. 8.

Orthoconic nautiloid, Seuss ef al., 2012a, fig. 3H.

Diagnosis.—Species of Dolorthoceras with dorso-
ventrally depressed cross section in apical shell; sutures
oblique; cameral length moderate to short with maximum
width/length ratios of 2.4-3.6; septal necks short, subor-
thochoanitic on ventral and cyrtochoanitic on dorsal side;
cameral deposits episeptal-mural.

Description—Conchs longiconic orthocones with
gradual to moderate expansion, whose angle is 5-6° in
lateral view of post-embryonic shells; cross sections of
conchs are dorsoventrally depressed in apical shells, then
become circular; shell surface lacks ornamentation; holo-
type is imperfect phragmocone, 31.5 mm in length and
6.9 mm in dorsoventral diameter near apical end; largest
specimen (paratype, AMNH 5953) is imperfect phrag-
mocone approximately 9 mm in diameter; no peristome
preserved. Embryonic shells have asymmetrical profile
in lateral view, with rounded apex that faintly shifts to
ventral(?) side; nepionic constriction occurs at distance of
8.4 mm (paratype, AMNH 5927) and 9.2 mm (paratype,
AMNH 5920) from apex; except for apical portion that
expands approximately 20° in angle, embryonic shells
are nearly cylindrical. Sutures oblique, inclining dor-
sally with approximate angle of 6-8° for vertical plane
to conch axis; septal curvature is moderate with narrow
furrow on mid-dorsal region; camerae moderate to short
in length; maximum width/length ratios of camera are
2.4-3.6; siphuncle central in position, then shifts ven-
trally and becomes subcentral in more adoral positions in
the conch; siphuncular position ratios (distance of central
axis of septal foramen from ventral shell surface per cor-
responding dorsoventral conch diameter) are 0.48-0.50;
siphuncular wall consists of asymmetrical septal necks
and thin connecting rings; shapes of septal necks are sub-
orthochoanitic on ventral and cyrtochoanitic on dorsal
side; length of septal necks is short, ranging from 0.15
to 0.23 mm in holotype; connecting rings subcylindrical
with abrupt constrictions at septal foramina. Endosiphun-
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Figure 6. A, B, Cyrtothoracoceras? sp., AMNH 6113; A, lateral view; B, septal view. Arrow in A indicates position of B. C-I,
Unklesbayoceras striatulum gen. et sp. nov., holotype, AMNH 6114; C, dorsal view; D, lateral view, venter on right; E, septal view of apical
end, venter down; F, partial enlargement to show details of surface ornamentation, ventral view; G, dorsoventral thin section, venter on left;
H, partial enlargement of G to show details of ventral septal neck; I, partial enlargement of G to show details of dorsal septal neck. J-M,
Sueroceras oklahomense (Smith, 1938); J, AMNH 5994, side view; K, AMNH 5992, septal view, conch orientation uncertain; L, M, AMNH
5996; L, dorsoventral thin section, venter on right; M, partial enlargement of L, showing details of siphuncle. N, Arbuckleoceras tricamerae
(Smith, 1938), partial enlargement of Figure 4K to show details of siphuncle. Arrows in M indicate endosiphuncular deposits. Scale bar is
57mminA; 4 mmin B, L; 20 mm in C, D; 10 mm in E; 8 mm in F, G, J, K; 0.8 mm in H, I, M, N.
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Figure 7. Dolorthoceras boggyense sp. nov. A—C, paratype, AMNH 5920; A, lateral view, venter on right?; B, C, partial enlargements
of apical shell; D, paratype, AMNH 5927, lateral view, venter on right?; E, paratype, AMNH 5922, side view; F, N, P, Q, holotype, AMNH
5918; E, lateral view, venter on right; N, dorsoventral thin section, venter on left; P, Q, partial enlargements of N to show details of septal
necks; G, paratype, AMNH 5926, lateral view, venter on left; H, paratype, AMNH 5919, ventral view; I, paratype, AMNH 5925, dorsal view,
note septal furrows; J, paratype, AMNH 5924, septal view, venter down; K, L, paratype, AMNH 5953; K, septal view, venter down; L, dorsal
view; M, O, partial enlargements of Figure 3D to show details of cameral and endosiphuncular deposits and septal neck. Arrows indicate
nepionic constrictions. Scale bar is 20 mm in A, E-H, L; 8 mm in B, D, N; 4 mm in C, M; 10 mm in [-K; 0.8 mm in O-Q.
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cular deposits form continuous lining on ventral siphun-
cular wall; cameral deposits are ventrally thicker than
dorsally, episeptal-mural.

Material examined.—Holotype, AMNH 5918. Para-
types, AMNH 5915-5917, 5919-5922, 59245-5927,
5953. In addition, 27 specimens, AMNH 5914, 5923,
5928-5952, are assigned to Dolorthoceras boggyense sp.
nov.

Etymology—The specific name is derived from the
type stratum, called the Boggy Formation.

Discussion.—A comparable species, Dolorthoceras
medium Gordon (1957, p. 23, pl. 2, figs. 14, 21) from the
Upper Mississippian Alapah Limestone of Alaska, with
D. boggyense sp. nov. differs in having nearly straight
sutures and well developed hyposeptal deposits. A single
examined specimen of Dolorthoceras n. sp. in Smith
(1938) of 21 mm diameter probably represents the more
adoral portion of the new species than the specimens
examined here.

Genus Smithorthoceras gen. nov.

TBype species—Orthoceras unicamera Smith, 1938, by
monotypy.

Diagnosis.—Conch longiconic orthocone with circular
cross sections and very gradual expansion; shell surface
ornamented by transverse lirae; deeply curved septa form
directly transverse sutures and long camerae; siphuncle
central; septal necks orthochoanitic and very long, whose
apical tips are weakly bent outwards; connecting rings
cylindrical; parietal endosiphuncular deposits partly form
continuous lining; cameral deposits episeptal and mural.

Etymology—The generic name is a combination of
the late H. J. Smith, who described cephalopods from the
Buckhorn Asphalt Quarry for the first time, and Orthoc-
eras indicating this is an orthoconic cephalopod.

Discussion.—Cameral and siphuncular characters of
Smithorthoceras gen. nov. are unique for pseudortho-
ceratids, and for that reason, they suggest relationships
with some orthoceratid genera, including Michelinoc-
eras Foerste, 1932, Mericoceras Zhuravleva, 1978, and
Trematoceras Eichwald, 1851. However, the presence of
endosiphuncular deposits is an exclusive morphological
feature restricted to the Pseudorthoceratidae. We think
that similarities between Smithorthoceras and the above-
mentioned three orthoceratid genera are the results of
convergent evolution in the two separate lineages.

The cylindrical connecting rings of Smithorthoceras
warrant its placement in the Spyroceratinae. Within the
subfamily, Smithorthoceras has a surficial ornamentation
similar to that seen in Mitorthoceras Gordon, 1960. How-
ever, the latter Late Mississippian genus differs in having
a supracentral siphuncular position with suborthochoa-
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nitic septal necks (Niko and Mapes, 2015).

Smithorthoceras unicamera (Smith, 1938)
Figures 3K, 8

Orthoceras unicamera Smith, 1938, p. 7, pl. 1, figs. 1-3.

Michelinoceras directum Unklesbay, 1962, p. 19, pl. 1, figs. 1-3.

“Orthoceras” unicamera Smith. Fisher and Teichert, 1969, p. 11, pl. 1,
fig. 1, pl. 2, figs. 2, 3, pl. 3, fig. 3, text-figs. 3A-D, 4A, B, 5A-J;
Ristedt, 1971, pl. 31, figs. 1, 3, 5, 6, pl. 32, figs. 2, 4-6, pl. 33, figs.
2,4-9, pl. 34, fig. 1, pl. 35, figs. 2, 4, 6, pl. 36, figs. 2, 5-8, pl. 38,
figs. 4, 5, 8, pl. 39, figs. 7, 8, pl. 40, figs. 1, 3, 5, 6, pl. 41, figs. 4-7,
pl. 42, fig. 3, text-fig. 6.

Mitorthoceras crebriliratum (Girty, 1909). Crick, 1982, pl. 1, figs. 3,
6,7,11,12.

Mitorthoceras girty [sic] Gordon, 1964. Crick, 1982, pl. 1, fig. 9.

Mitorthoceras perfilosum Gordon, 1964. Crick, 1982, pl. 1, figs. 10, 13.

Michelinoceras? unicamera (Smith). Sturgeon et al., 1997, p. 18, pl.
1-1, figs. 1-7.

Orthoconic nautiloid, Seuss et al., 2012a, figs. 3A, B, D-G.

Description—Longiconic orthocones with circu-
lar cross sections and very gradual conch expansion,
approximately 2° in angle; shell surface ornamented
by transverse lirae that faintly incline toward venter;
there are 9—15 lirae per | mm and at conch diameter of
approximately 4 mm; peristome and embryonic shell are
unknown. Sutures directly transverse; camerae long with
maximum width/length ratios of 1.1-1.2; septal curvature
deep; siphuncle central in position; siphuncular wall con-
sists of orthochoanitic septal necks and thin connecting
rings; apical tips of septal necks weakly bent outwardly;
septal necks are very long, 0.85-0.93 mm at conch diam-
eter of approximately 5 mm; ventral septal neck thicker
than dorsal one; shapes of connecting rings are cylin-
drical. Endosiphuncular deposits parietal, forming dis-
continuous lining on ventral siphuncular wall; cameral
deposits differentiated into episeptal and mural.

Material examined—AMNH 5954-5976.

Discussion.—In addition to the type locality Buckhorn
Asphalt Lagerstitte, this species is also recorded from the
Desmoinesian of eastern Ohio (Sturgeon et al., 1997).

Genus Sueroceras Riccardi and Sabattini, 1975

Bype species—Sueroceras irregulare Riccardi and
Sabattini, 1975.

Discussion.—Although the subfamilial assignment of
Sueroceras was not determined by Riccardi and Sabattini
(1975), its suborthochoanitic septal necks and subcylin-
drical to fusiform connecting rings indicate that the genus
is undoubtedly placed in the Spyroceratinae.

Sueroceras oklahomense (Smith, 1938)



Pennsylvanian cephalopods from Oklahoma 31

Figure 8. Smithorthoceras unicamera (Smith, 1938). A, ASMN 5954, side view; B, C, I, ASMN 5960; B, ventral view; C, partial
enlargement of B to show details of surface ornamentation; I, septal view of apical end, venter down; D, ASMN 5961, lateral view, venter on
right; E, ASMN 5957, lateral view, venter on right; F, K, ASMN 5956; F, dorsoventral thin section, venter on right; K, partial enlargement
of F to show details of ventral septal neck and endosiphuncular deposits; G, ASMN 5976, lateral view of body chamber, venter on right; H,
J, ASMN 5958; H, dorsoventral thin section, venter on left; J, partial enlargement of H to show details of dorsal septal neck. Scale bar is 20
mm in A, B, G; 8 mm in C-F, H; 10 mm in I; 0.8 mm in J, K.

Figures 5C, 6J-M Kionoceras sp., Blind, 1987, pl. 1, fig. 4, pl. 3, fig. 3, text-figs. 2, 6,
7; 1988, text-figs. 1, 5, 7E, 9C; Tanabe and Uchiyama, 1997, fig.
Dolorthoceras oklahomense Smith, 1938, p. 6, pl. 1, figs. 15, 16; 10A-E.

Gordon, 1964, p. 119, 120.; Sabattini et al., 2006, p. 1144.
Cancellate “Orthoceras”, Fisher and Teichert, 1969, p. 12, pl. 1, fig. 3,

5 fa 1 Description—Examined specimens of small fragmen-

pl 2, fig. 1. . . .

Kionoceras? sp., Ristedt, 1971, pl. 28, fig. 5, pl. 30, figs. 1-5, pl. 31,  Ary phragmocones are longicones with circular cross
figs. 4, 7. sections; conch expansion is gradual, approximately 5° in

Dolorthoceras oklahomense?. Crick, 1982, pl. 1, fig. 2. angle; shell surface marked by fine cancellate ornamenta-
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tion; peristome and embryonic shell are unknown. Sutures
directly transverse; cameral length moderate for the fam-
ily, maximum width/length ratios of 2.0-2.3; siphuncle
nearly central in position; siphuncular wall consists of
orthochoanitic septal necks and thin connecting rings;
length of septal necks short, 0.21-0.22 mm at approxi-
mate conch diameter of 3 mm; shapes of connecting rings
are cylindrical with weak constrictions at septal foramina.
Endosiphuncular deposits are weak; thin parietal deposits
developed on ventral siphuncular wall; cameral deposits
mural.

Material examined—AMNH 5992-5996.

Discussion.—Judging from their morphologies descri-
bed above, the newly collected specimens are conspe-
cific with Dolorthoceras oklahomense described from
the same locality by Smith (1938). Herein, we classify
D. oklahomense within Sueroceras because of possession
of the cancellate surface ornamentation. Sabattini et al.
(2006) previously suggested the possibility of the same
reassignment.

Genus Sulphurnites gen. nov.

Type species—Sulphurnites taffi sp. nov., by mono-
typy.

Diagnosis.—Conch longiconic orthocone with circular
cross sections and gradual expansion; shell surface lacks
ornamentation; septa deeply concave; camera relatively
long to moderate in length; sutures directly transverse;
siphuncle nearly central; septal necks short and subor-
thochoanitic; connecting rings subcylindrical to fusiform;
endosiphuncular deposits initiate at apical and adoral
junctions between septal neck and connection ring, then
they mainly grow posteriorly and anteriorly; cameral
deposits episeptal-mural and hyposeptal.

Etymology—The generic name is derived from the
rural community of Sulphur, Murray County, South-
central Oklahoma. The type locality is situated approxi-
mately 10 km south of the outskirts of this community.

Discussion.—Endosiphuncular deposits of Sulphur-
nites gen. nov. are unique for the family Pseudorthocera-
tidae (see also Seuss et al., 2012a, figs. 7A1, 7A2, 7B,
7C2-6), whose incipient deposits mostly occur on septal
necks. Similar deposits are also known from the Ordovi-
cian genus, Mysterioceras Teichert and Glenister, 1953,
whose incipient deposits originate immediately behind
septal necks. Except for the endosiphuncular deposits, the
characters of Sulphurnites clearly correspond to those of
the Spyroceratinae.

Sulphurnites taffi sp. nov.
Figure 3E, F, H-J
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Orthoconic nautiloid, Seuss et al., 2012a, figs. 2, 4A-F, SA-F, 6A-F,
7A1,7A2, 7B, 7C1-6.

Orthoconic nautiloid (Pseudorthoceratidae gen. et sp. indet.), Seuss et
al., 2012b, figs. 3, 4A, B, 6A-C, 7TA-H, 8B-D.

Diagnosis.—As for the genus.

Description—Both available specimens are imperfect
phragmocones, which are longiconic orthocones with
circular cross sections and unornamented shell surface;
expansion angle of conch is gradual, approximately 4°;
the holotype is 43.5 mm in length and 8.1 mm in diameter
near its adoral end; a paratype attains approximately 22
mm in diameter; no peristome and no embryonic shell
preserved. Sutures directly transverse; cameral length
relatively long to moderate for the family with maximum
width/length ratios of 1.7-2.0; septa deeply concave;
siphuncle nearly central in position; siphuncular wall
consists of suborthochoanitic septal necks and thin con-
necting rings; outward curvature of septal necks is faint;
length of septal necks is short, ranging from 0.52 to 0.61
mm in the holotype; connecting rings exhibit weak infla-
tions in camerae and distinct constrictions at septal foram-
ina, forming subcylindrical to fusiform profiles. Incipient
parts of endosiphuncular deposits occur at apical and
adoral junctions between septal neck and connecting ring
on ventral siphuncular wall; among them, apical deposits
mainly extend posteriorly and adoral ones mainly extend
anteriorly; surface of septal necks and dorsal siphuncular
wall are not covered by endosiphuncular deposits; cam-
eral deposits well developed, differentiated into episeptal-
mural and hyposeptal.

Material examined—Holotype, AMNH 5997. Para-
type, BSPG 2011 0002.

Etymology.—This species is named in honor of the late
J. A. Taff in recognition of his contributions to the geol-
ogy in Oklahoma.

Discussion.—Weak conch curvature is obscure in the
examined fragmentary specimens. Thus, in such material
Sulphurnites taffi sp. nov. shares similar external charac-
ters with an associated species, Arbuckleoceras tricam-
erae (Smith, 1938; see above). However, the latter species
can be distinguished by the presence of cylindrical con-
necting rings and the absence of hyposeptal deposits.

Genus Unklesbayoceras gen. nov.

Type species.—Unklesbayoceras striatulum sp. nov. by
monotypy.

Diagnosis.—Conchs longiconic with weak endogas-
tric curvature, moderate expansion and circular cross
sections; shell surface ornamented by transverse lirae;
sutures directly transverse; camerae long to relatively
long; siphuncle nearly central and supracentral in posi-
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tion; septal necks long and suborthochoanitic; connect-
ing rings cylindrical with constrictions at septal foramina;
endosiphuncular deposits form thick lining on ventral sip-
huncular wall; cameral deposits episeptal-mural.
Etymology.—The generic name is to honor the late A.
G. Unklesbay, in recognition of his contributions to the
study of upper Paleozoic cephalopods in North America.
Discussion.—Unklesbayoceras gen. nov. has several
synapomorphies found with the Spyroceratinae, such
as suborthochoanitic septal necks and cylindrical con-
necting rings. Of the genera included in this subfamily,
Unklesbayoceras exhibits similarities with the Mississip-
pian genus Mitorthoceras Gordon, 1960 (see Niko and
Mapes, 2015 for the emended diagnosis of the genus).
However, the new genus differs from Mitorthoceras in
having weak endogastric curvature of the conch, longer
camerae and a less eccentric siphuncular position.

Unklesbayoceras striatulum sp. nov.

Figure 6C—I

Diagnosis.—As for the genus.

Description.—Longiconic conch with weak endogas-
tric curvature and circular cross section; conch expan-
sion of approximately 6° is moderate for the family; the
holotype only known specimen of an imperfect phragmo-
cone is 26.0 mm in length and 6.1 mm in apical diam-
eter; shell surface ornamented by weak transverse lirae
that faintly incline toward venter; there are 9-15 lirae at
a conch length of 1 mm; body chamber and embryonic
shell not preserved. Sutures directly transverse, except
for narrow dorsal furrow; septal concave curvature is
relatively deep; camerae long to relatively long for the
family, indicating form ratios (maximum width/length) of
1.1-1.5; siphuncle near central axis of conch and faintly
supracentral; siphuncular position ratio (distance of cen-
tral axis of septal foramen from ventral shell surface per
corresponding conch diameter) is 0.53; siphuncular wall
consists of suborthochoanitic septal necks and thin con-
necting rings; length of septal necks is long, 0.52—-0.75
mm; shapes of connecting rings are cylindrical with con-
strictions at septal foramina. Endosiphuncular deposits
well developed, to form thick lining on ventral siphuncu-
lar wall; thin parietal deposits developed on ventral sip-
huncular wall; cameral deposits episeptal-mural.

Etymology—The specific name is derived from the
Latin, striatulus (= having weak lirae), referring to the
surface ornamentation.

Material examined.—Holotype, AMNH 6114.

Discussion.—This species is represented by a single,
well preserved specimen. Its distinctive features includ-
ing endogastric conch curvature, cameral nature and sip-
huncular position are sufficiently pronounced to warrant
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establishing a new genus and species.
Significance

Cephalopods of the Buckhorn Asphalt Lagerstitte
have been investigated for biogeochemistry (Crick, 1982;
Brand, 1987, 1989; Sadd, 1991; Seuss et al., 2012a),
shell ultrastructure (Ristedt, 1971; Blind, 1988, 1991),
ultrastructure of organic remnants (Grégoire, 1988), api-
cal shell characters (Ristedt, 1971; Blind, 1987, 1988;
Tanabe and Uchiyama, 1997), and the structure of cam-
eral and endosiphuncular deposits (Fischer and Teichert,
1969; Crick, 1982; Seuss et al., 2012b). However, the tax-
onomy of the cephalopods analyzed in these papers has
never been revised or treated in detail. Our detailed study
of the orthocerids from this Lagerstétte indicates that
nine species representing nine genera are present. They
include five previously described species by McChesney
(1859) and Smith (1938) and four so far undescribed spe-
cies. Furthermore, the generic placement of these species
is reevaluated to conform to current taxonomic standards.

Pennsylvanian orthocerid cephalopod faunas are
poorly known because they are considered to be poor
biostratigraphic tools, and therefore, little effort has been
undertaken to evaluate and describe this part of cephalo-
pod faunas. Thus, this new taxonomic information gained
from the Buckhorn Asphalt Lagerstitte is important to fill
the knowledge gap of faunal constituents between the rel-
atively well documented Mississippian and early Perm-
ian orthocerids. An additional reason why the Buckhorn
Asphalt Lagerstitte is important is that it constitutes the
oldest extensive cephalopod fauna that is still preserved
in its original shell material, namely aragonite. For this
reason the shells have provided important information,
as indicated above, on late Palacozoic cephalopods. In
addition, this Desmoinesian fauna is extremely diverse
in comparison with those of other regions of the world,
including European Russia (Shimansky, 1968: 3 species
in the Moscovian (= Atokan and Desmoinesian)), South
China (Niko et al., 1997: 4 species in the Moscovian),
and Southwest Japan (Niko ez al., 1987; 1995: 5 species
in the Moscovian). At the generic level there are new and
probably endemic genera in the deposit, namely Arbuck-
leoceras, Smithorthoceras, Sulphurnites and Unklesbayo-
ceras. They account for around half of the total generic
number. This is also noteworthy because orthocerids were
on the decline during the Pennsylvanian, and according
to Sweet (1964), there were no new orthocerid genera at
that time.

The Midcontinent area of North America was located
at a low-latitude (5-10° N) region during the Middle to
Late Pennsylvanian (e.g. Scotese and McKerrow, 1990;
Scotese, 1997). Simultaneous sea level changes produced
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transgressions and regressions triggered by forming and
melting ice of Gondwanan glaciers (Algeo et al., 2008).
In North America, these sea level changes formed the
Midcontinent Sea (Heckel, 1994), in which the sediments
of the Buckhorn Asphalt Lagerstétte were deposited. The
sea opened westward and had a connection to the Panthal-
assa Ocean through narrow straits between the Milk River,
the Ancestral Uncompahgre and the Amarillo-Wichita
Uplifts (Algeo and Heckel, 2008). The high diversity
and provincialism of the Desmoinesian orthocerid fauna
we report from the Buckhorn Asphalt Lagerstitte were
strongly influenced by these environments. There is a
possibility that this tropical epeiric sea provided a habitat
of refuge for Desmoinesian orthocerids, especially in the
mountainous terrain that formed small, restricted basins
in the Arbuckle Uplift where the Buckhorn Asphalt was
deposited.
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