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A new species of scaphitid ammonite from
the lower Maastrichtian of the Western Interior
of North America, with close affinities to
Hoploscaphites constrictus Sowerby, 1817

NEIL H. LANDMAN,! W. JAMES KENNEDY,? AND NEAL L. LARSON?

ABSTRACT

We describe a new species of scaphitid ammonite from the Upper Cretaceous (lower
Maastrichtian) of North America. Hoploscaphites sargklofak, n. sp., is endemic to the U.S.
Western Interior, but closely resembles H. constrictus Sowerby, 1817, from the Maastrichtian
of northern Europe.

INTRODUCTION

We describe a new species of Hoploscaphites (Ammonoidea: Ancyloceratina) from the
Upper Cretaceous (lower Maastrichtian) of the Pierre Shale of Colorado, Wyoming, and
South Dakota, the Lewis Shale of Wyoming, and the Bearpaw Shale of Montana. Hoploscaph-
ites sargklofak, n. sp., is strongly dimorphic with a compressed whorl section and a circular
to oval outline in lateral view. The adult is characterized by fine flexuous ribs, small, closely
spaced ventrolateral tubercles, which become more closely spaced near the aperture, umbili-
colateral tubercles or bullae on the shaft of the body chamber, and one or two rows of lateral
tubercles on the adapical part of the phragmocone, and more rarely, on the hook. This spe-
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Stage| U-S- Western Interior Age cies closely resembles H. constrictus Sowerby;,
9 Ammonite Zones (Ma) 1817, from the Maastrichtian of northern
Baculites clinolobatus 69.59 +0.36 | Europe, but differs from it in terms of its

shape and the details of its ornamentation: (1)
Baculites grandis 70.00 +0.45 | in H. sargklofak, n. sp., the number of ventro-
lateral tubercles on the exposed phragmocone
is higher than in H. constrictus; (2) in H. sarg-
klofak, n. sp., the venter of the shaft is flatter

Baculites baculus

Maastrichtian
lower

Baculites eliasi 71.98 £ 0.31
and the distance between ventrolateral tuber-
Baculites jenseni cles on either side of the venter at midshatft is
greater than that in H. constrictus; (3) in H.
Baculites reesidei 7294*045" | sargklofak, n. sp., one or two rows of lateral

tubercles occasionally occur on the adapical
part of the phragmocone and, more rarely, on
the hook, whereas no such tubercles are pres-

Baculites cuneatus

upper

Campanian

Baculites compressus 73.52 + 0.392 ] ] i ] )
ent in either area in H. constrictus; and (4) in

Didymoceras cheyennense | 74.67 +0.15 | H. sargklofak, n. sp., the umbilicus is larger
than that in H. constrictus.

Exiteloceras jenneyi 75.08 * 0.112

Didymoceras stevensoni GEOLOGIC SETTING

On the basis of previous studies, the
Maastrichtian of the U.S. Western Interior has
been subdivided into six zones (Gill and Cob-
ban, 1966; Landman and Waage, 1993; Larson

F_IG. 1.Upper'Cretf1ceous‘ (Campanian and Maastrich- ¢ al., 1997; Cobban et al., 2006). They are,
tian) ammonite biostratigraphy of the U.S. Western £ 1d he Baculites bacul
Interior showing the Zone of Baculites grandis (Cob- 10T O est to youngest, the Bacuiites baculus,

ban et al., 2006). The absolute ages are derived from Baculites grandis, Baculites clinolobatus,
“OAr/*Ar analysis of bentonites containing sanidines. Hoploscaphites birkelundae, Hoploscaphites

nicolletii, and Hoploscaphites nebrascensis
zones. This zonation has been integrated with radiometric dates owing to the presence of
interbedded bentonites (fig. 1). Hoploscaphites sargklofak, n. sp., occurs in the Baculites gran-
dis Zone, which occupies the middle part of the lower Maastrichtian, approximately 70 mil-
lion years ago (fig. 2).

The Western Interior Seaway extended from the western Canadian Arctic to the proto-Gulf
of Mexico (Gill and Cobban, 1966; Kauffman, 1967; Kauffman and Caldwell, 1993). During the
early Maastrichtian, the shoreline cut across the eastern half of Montana and formed a broad delta
(the Sheridan Delta) at the southeastern corner of Montana and the northeastern corner of Wyo-
ming (Cobban et al., 1994). The shoreline continued as a series of embayments across Wyoming
as far as the northwest corner of Colorado and then cut northwest-southeast across the middle of
the state (fig. 3). Hoploscaphites sargklofak, n. sp., was especially abundant in the northeast corner
of Wyoming in the embayment just south of the Sheridan Delta, although this may simply reflect

Didymoceras nebrascense | 75.19 * 0.28

T40Ar/*Ar on sanidine as corrected by Baadsgaard (1993);
2 low in zone; ® Izett et al. (1998)
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FIG. 2. Stratigraphic section of the upper unnamed member of the Pierre Shale at Red Bird, Niobrara County,
Wyoming, showing the position of several USGS Mesozoic localities (after Gill and Cobban, 1966).

the distribution of outcrops. Localities mentioned in the text are illustrated in figure 3 and described
in the appendix.

Williams and Stelck (1975: text-fig. 8) suggested that the seaway during this time also
extended to the Atlantic Ocean via Hudson Bay and around the southern tip of Greenland.
According to them, it also extended to the Arctic Ocean via the Mackenzie Valley, to west
Greenland via Baffin Bay, and to the North Atlantic around the north end of Greenland. Indeed,
the strong resemblance between Hoploscaphites sargklofak, n. sp., and H. constrictus from
northern Europe suggests the existence of a northern connection between the Western Interior
Seaway and the Atlantic Ocean. However, no early Maastrichtian ammonites have ever been
reported from Canada (Riccardi, 1983) or Greenland (Birkelund, 1965), although this may be
due to post-Cretaceous erosion.

TERMS, METHODS, AND REPOSITORIES

Landman et al. (2010) reviewed the terms used to describe scaphites. The adult shell
consists of two parts, a closely coiled phragmocone and a slightly to strongly uncoiled body
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FIG. 3. Map of the lower Maastrichtian Baculites grandis Zone showing the shoreline along the western margin
of the Western Interior Seaway (based on Gill and Cobban, 1966). The numbered dots indicate AMNH, USGS,
and YPM localities cited in the text, as listed in the appendix.

chamber (fig. 4). The part of the phragmocone that is exposed in the adult shell (as compared
to the part that is concealed inside) is called the adult phragmocone. The most adapical point
of the adult phragmocone is called the point of exposure. The body chamber consists of the
shaft, beginning near the last septum, and a hook terminating at the aperture. The point at
which the hook curves backward is called the point of recurvature.

Scaphites occur as dimorphs, which are referred to as macroconchs (M) and microconchs
(m). They are interpreted as sexual in nature, the macroconch being the female, and the micro-
conch being the male, after the traditional view as described by Cobban (1969), Landman and
Waage (1993), and Davis et al. (1996).
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Measurements of the adult shell are the same as those described and illustrated in Land-
man et al. (2013: 9, fig. 3). All measurements were made using electronic calipers on actual
specimens, rather than on photos, with the exception of the apertural angle.

LMAX, maximum length from the venter of the phragmocone to the venter of the hook

UD, umbilical diameter through the center of the umbilicus parallel to the line of max-
imum length

Wy, whorl width of the phragmocone along the line of maximum length

Hp, whorl height of the phragmocone along the line of maximum length

W, whorl width of the body chamber at midshaft

Hg, whorl height of the body chamber at midshaft

Wy, whorl width of the hook at the point of recurvature

Hy, whorl height of the hook at the point of recurvature

Vs, width of the venter at midshaft as measured between the ventrolateral margins on
opposite sides of the venter

AA, in macroconchs, the angle of intersection (in degrees) between two lines (a line
drawn along the umbilical shoulder and another line drawn along the apertural mar-
gin), extending from approximately the point of recurvature to the aperture.

Several ratios were calculated to describe the shape of the adult shell and facilitate com-
parisons among specimens:

W,/H,, the ratio of whorl width to whorl height of the phragmocone along the line of
maximum length

W/Hj, the ratio of whorl width to whorl height of the body chamber at midshaft

Wy/Hy the ratio of whorl width to whorl height of the hook at the point of recurvature

Vs/Hg the ratio of ventral width to whorl height at midshaft

LMAX/Hjp, the ratio of maximum length to whorl height of the phragmocone along the
line of maximum length

LMAX/Hg, in macroconchs, the ratio of maximum length to whorl height of the body
chamber at midshaft

A number of terms are used to describe ornamentation:

primary ribs, ribs that originate near the umbilicus

secondary ribs, ribs that originate on the flanks or venter, either by branching or inter-
calation

rib density, number of ribs/cm on the venter as measured on the phragmocone along
the line of maximum length, the midshaft, and the hook

tubercles, small conical swellings

bullae, swellings elongated in a radial direction

umbilicolateral bullae, bullae that occur near the umbilicolateral margin

ventrolateral tubercles, tubercles that occur near the ventrolateral margin

number of bullae/tubercles, number of bullae/tubercles as measured on the phragmo-
cone, body chamber, or the entire adult shell

distance between bullae/tubercles, distance between bullae/tubercles following the cur-
vature of the shell on the umbilicolateral margin for umbilicolateral bullae, and on
the ventrolateral margin for ventrolateral tubercles

height of tubercle, tubercle height measured from the base to the tip
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FIG. 4. Scaphite terminology (after Landman et al., 2013: 9, fig. 3). A. Macroconch, right lateral view. The
shell is oriented in the probable floating position when the body was withdrawn into the body chamber. The
umbilical seam of the shaft in macroconchs is straight with a slight umbilical bulge. Abbreviations: H, = whorl
height along the long axis; Hg = whorl height at midshaft; Hy = whorl height at the point of recurvature;
LMAX= maximum length along the long axis; apt. 4= apertural angle. B. Microconch, right lateral view. In
Hoploscaphites sargklofak, n. sp., the microconch is 69% of the size of the macroconch or, inversely, the mac-
roconch is 145% of the size of the microconch. The umbilical seam of the shaft in microconchs is curved and
follows the curvature of the venter. Specimens are photographed from lateral, ventral, and apertural views, as
shown. C. Close-up of the umbilicus of the macroconch showing the umbilical diameter measured parallel
to the long axis (UD). D. View of the venter of the body chamber at midshaft, with the adoral direction toward
the top, showing the width of the venter (V;), as measured between the ventrolateral margins.

Photographs of adult shells are natural size. Small tick marks on the photos mark the base
of the body chamber, where visible. The base of the body chamber is defined as the position of
the median saddle in the ventral lobe.

The repository of specimens described in the text is indicated by a prefix: Division of Pale-
ontology (Invertebrates), American Museum of Natural History (AMNH), New York; Black
Hills Museum of Natural History (BHI), Hill City, South Dakota; British Museum (Natural
History) (BMNH), London; Collections of the Sorbonne (SP), now in the Université Pierre et
Marie Curie, Paris; Muséum National d’Histoire Naturelle (MNHP), Paris; Yale Peabody
Museum (YPM), New Haven, Connecticut; and U.S. National Museum (USNM), Washington,
D.C. The localities of the specimens are shown in figure 3 and are listed in the appendix.
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SYSTEMATIC PALEONTOLOGY
Class Cephalopoda Cuvier, 1797
Order Ammonoidea Zittel, 1884

Suborder Ancyloceratina Wiedmann, 1966
Superfamily Scaphitoidea Gill, 1871
Family Scaphitidae Gill, 1871
Subfamily Scaphitinae Gill, 1871
Genus Hoploscaphites Nowak, 1911

[= Mesoscaphites Atabekian, 1979: 523 (nomen nudum) fide Kennedy, 1986; Wright, 1996; Jeletzkytes
Riccardi, 1983: 14]

TYPE SPECIES: Ammonites constrictus J. Sowerby (1817: 189, pl. A, fig. 1), by original
designation.

Diagnosts: “Small to large scaphites, strongly dimorphic, with broad variation in degree
of whorl compression ranging from slender to robust, with involute phragmocone, short to
long shaft, and weakly recurved hook; apertural angle ranging from approximately 35° to 85°
aperture constricted with dorsal projection; ribs straight to flexuous, increasing by branching
and intercalation, with weak to strong adoral projection on venter; adult shell with or without
umbilicolateral, flank, and ventrolateral tubercles; suture fairly indented, with symmetrically to
slightly asymmetrically bifid first lateral lobe” (Landman et al., 2010: 93).

Discussion: The genus Jeletzkytes was synonymized with Hoploscaphites by Wright (1996)
and Landman et al. (2010). These authors argued that the two genera share the same shell
shape, pattern of ornamentation, and suture, and differ only in the degree of whorl compression
and, as a consequence, the flexuosity of the ribs and size of the tubercles. Recently, Larson (in
press) has suggested that Jeletzkytes should be treated as a subgenus of Hoploscaphites to dis-
tinguish the more robust end members of Hoploscaphites. This hypothesis requires testing using
a phylogenetic analysis of all of the species in the genus.

Hoploscaphites sargklofak, n. sp.
Figures 5-21

D1agNosis: Macroconchs oval to nearly circular in lateral view; cross section of shaft subquad-
rate with subparallel and nearly flat flanks converging toward the ventrolateral shoulder; large to
moderately large umbilicus commonly with umbilical bulge; closely spaced ventrolateral tubercles
with maximum spacing on the adoral part of shaft; umbilicolateral tubercles or bullae on body
chamber; one or two rows of lateral tubercles occasionally on the adapical part of the phragmocone
and, more rarely, scattered near the aperture; apertural angle averaging approximately 40°. Micro-
conchs oval to nearly circular in lateral view; cross section of shaft subquadrate with broadly
rounded to flattened flanks converging toward the ventrolateral shoulder; large umbilicus exposing
earlier whorls; moderately widely to closely spaced ventrolateral tubercles becoming more widely
spaced on adoral part of shaft; relatively prominent umbilicolateral tubercles on the body chamber;
one or two rows of lateral tubercles occasionally present on the phragmocone.
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FIG. 5. Assemblage of Hoploscaphites sargklofak, n. sp., macroconchs and microconchs (AMNH 63552-63555,
90566), associated with a specimen of Baculites grandis (AMNH 64669, bottom) in a single concretion from
AMNH locality 3435 in the B. grandis Zone of the upper part of the Pierre Shale, Meade County, South
Dakota. Note that the macroconch on the right has a big piece of shell missing from the adapical part of the
body chamber leaving a jagged hole (arrow), indicating a lethal injury. Specimens x1.

EtrymoLoGyY: This species is named in honor of Kathleen B. Sarg and Susan M. Klofak at
the AMNH, who, over the span of more than 20 years, tirelessly helped collect, prepare, mea-
sure, and number all of the specimens used in this and many other studies of scaphites from
the U.S. Western Interior and Gulf and Atlantic Coastal Plains. The species name is formed as
a noun in apposition. Suggested pronunciation with soft g (as in gel).

Types: The types are from the Baculites grandis Zone of the Pierre Shale in Wyoming and the
Bearpaw Shale in Montana. The holotype USNM 605788 (fig. 11A-D) is a macroconch from
USGS locality 24312, McCone County, Montana. It is a steinkern 53.8 mm in diameter with a
moderately large umbilicus and umbilical bulge. The macroconch paratypes are USNM 605796
(fig. 11I-L) from USGS Mesozoic locality D2118, Niobrara County, Wyoming, AMNH 74365
(fig. 14G-I) and 74366 (fig. 15D-F) from AMNH localities 3728 and 3727, respectively, Niobrara
County, Wyoming, and USNM 605792 (fig. 14A-C) from USGS Mesozoic locality D11783,
Weston County, Wyoming. The microconch paratypes are AMNH 74316 (fig. 18U-X) and 74319
(fig. 190-Q) from AMNH localities 3728a and 3728, respectively, Niobrara County, Wyoming,
and USNM 605812 (fig. 19R-T) from USGS locality 23625, Richland County, Montana.

MATERIAL: The collection consists of approximately 100 specimens of which 70 comprise
the measured set. A total of nine specimens have been recovered from a single concretion from
AMNH locality 3435 in the Baculites grandis Zone of the Pierre Shale, Meade County, South
Dakota (fig. 5). All of the specimens in our collection are derived from the B. grandis Zone of
the Pierre Shale of South Dakota, Wyoming, and Colorado, the Lewis Shale of Wyoming, and
the Bearpaw Shale of Montana.
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FIG. 6. Early whorls of Hoploscaphites sargklofak, n. sp. A~-F. AMNH 63589, AMNH loc. 3278, Weston County,
Wyoming. A. Overview of the tuberculate microornamentation on the ammonitella. B. Several of the tubercles
on the initial chamber are arranged in rows near the ventrolateral margin. C. Close-up of the microornamenta-
tion on the initial chamber showing the uneven distribution of tubercles. D. Close-up of the tubercles on the
initial chamber showing that some of them are fused together (arrow). E. Overview of the primary constriction
(arrow) marking the adoral end of the ammonitella. F. Healed injury (arrow) on the early postembryonic shell.

AmMMONITELLA: The ammonitella (embryonic shell) consists of the initial chamber and approxi-
mately two-thirds of a whorl (figs. 6, 7). The outer whorls of the ammonitella are covered with a
tuberculate microornamentation, as previously described in Landman et al. (1996). In general, the
tubercles are irregularly distributed, although some tubercles are arranged in rows along the ven-
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FIG. 7. Early whorls of Hoploscaphites sargklofak, n. sp. A~-F. AMNH 63590, AMNH loc. 3278, Weston County,
Wyoming. A. Overview of the tuberculate microornamentation on the ammonitella. B. Tuberculate microorna-
mentation on the initial chamber. C. Close-up of the tubercles on the initial chamber showing their irregular dis-
tribution, with some tubercles closely spaced together (arrow). D. Overview of the primary constriction (arrow)
marking the adoral end of the ammonitella. E. Close-up of the primary constriction showing the end of the
ammonitella and the beginning of the postembryonic shell. E. The postembryonic shell is marked with growth lines.

trolateral margin. The postembryonic shell emerges from below the embryonic shell at the primary
constriction. The postembryonic shell is marked with growth lines and healed injuries.
MACROCONCH DESCRIPTION: In the measured sample, LMAX averages 51.5 mm and
ranges from 32.6 to 92.2 mm (fig. 8; table 1). The ratio of the size of the largest specimen to
that of the smallest is 2.82. The ratio of the size of the next to largest specimen to that of the
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FIG. 8. Size-frequency histogram of Hoploscaphites sargklofak, n. sp., from the Baculites grandis Zone of the
Pierre Shale, Bearpaw Shale, and Lewis Shale, based on the samples in tables 1 and 2.

smallest is 2.06. The specimens form a unimodal size distribution, with a peak at 40-50 mm,
and a single outlier between 90-95 mm. As noted in other studies (Landman et al., 2010; Land-
man and Klofak, 2012), the size range is reduced in a sample from a single locality (AMNH
loc. 3435). LMAX averages 42.9 mm and ranges from 38.0 to 45.5 mm at AMNH locality 3435;
the ratio of the size of the largest specimen to that of the smallest is 1.20 (fig. 9).

Adults are slender with an oval to rounded outline in side view. LMAX/H; averages 2.09
and ranges from 1.89 to 2.43 (2.04 in the holotype). YPM 35642 (fig. 12M-P) is an example of
an elongate form (LMAX/Hg = 2.14) and USNM 605796 (fig. 111-L) is an example of a more
rounded form (LMAX/Hg = 2.07).

The umbilicus is small and deep. The umbilical diameter averages 3.7 mm and ranges from
2.6 to 5.4 mm. UD/LMAX averages 0.07 and ranges from 0.05 to 0.14, reflecting the broad
variation in relative umbilical diameter (fig. 7). Our collection contains two end-member mor-
photypes with transitional forms in between: (1) an openly umbilicate form, for example,
AMNH 74374 (fig. 11E-H), with an umbilical bulge and (2) a more tightly coiled umbilicate
form, for example, AMNH 64710 (fig. 15A-C), with a straight umbilical shoulder. The umbili-
cal bulge usually extends several millimeters along the umbilical shoulder.

All specimens tend to be tightly coiled with no gap between the phragmocone and hook.
LMAX/H, averages 2.78 and ranges from 2.59 to 3.11 (2.76 in the holotype). AMNH 90566
(fig. 16E-F) is an example of a tightly coiled specimen (LMAX/H; = 2.76) and YPM 35638
(fig. 12I-L) is an example of a more loosely coiled specimen (LMAX/H, = 2.93). The exposed
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Table 1. Measurements of Hoploscaphites sargklofak, n. sp., macroconchs. See figure 4 for description of
measurements. All measurements are in mm, except for apertural angle. * = holotype.

Specimen Locality LMAX LMAX/ LMAX/ AA  UD UD/ Wo/Hy W¢H, Wy/H, Vy/H
Number H, Hg LMAX

AMNH 3435 43.4 - - 44.5 32 - - 0.67 1.01 -
63556

AMNH 3278 69.0 2.59 2.02 39.0 4.3 0.06 0.64 - - -
64670

AMNH 3487 48.3 2.86 2.08 41.0 4.5 0.09 0.76 0.67 0.97 0.36
64679

AMNH 3487 38.4 2.82 2.10 38.0 4.3 0.11 0.71 0.66 0.92 0.36
64684

AMNH 3278 59.7 2.65 2.09 45.0 32 0.05 0.65 0.65 0.90 0.32
64710

AMNH 3728a 66.7 2.81 2.02 39.5 4.3 0.06 0.76 0.71 1.04 0.32
74364

AMNH 3728 66.8 2.75 1.89 53.5 33 0.05 0.84 0.69 1.06 0.31
74365

AMNH 3727 62.4 2.59 1.97 56.0 32 0.05 0.70 0.69 1.07 0.27
74366

AMNH 3728 56.2 2.71 2.07 48.0 3.4 0.06 0.83 0.72 0.89 0.35
74367

AMNH 3731 48.6 2.83 2.20 27.5 4.8 0.10 0.78 0.78 1.04 0.40
74374

AMNH 3435 42.8 2.76 - 34.5 32 0.07 0.70 - 0.95 -
90566

AMNH 3435 38.0 B - 50.5 3.6 - - - 1.04 -
90567

AMNH 3435 - - - 42.0 3.4 - - 0.74 0.97 -
90568

AMNH 3265 67.1 2.82 2.00 52.0 3.6 0.05 0.72 0.57 0.86 -
95769

AMNH 3487 92.2 2.68 2.02 - 4.3 0.05 0.67 0.67 0.87 0.29
100157

BHI ? 41.8 2.79 2.08 28.0 4.7 0.11 0.73 0.71 0.94 0.32
4312

USNM D1986 40.5 2.96 2.14 41.0 3.6 0.09 0.85 0.73 1.08 0.39
605785

USNM D11783  44.8 2.99 2.19 40.0 4.4 0.10 0.72 0.75 1.03 0.34
605786

USNM 24312 54.3 2.76 2.04 39.5 35 0.06 0.70 0.68 0.95 0.33
605788*

USNM ? 47.8 2.67 2.03 24.5 4.3 0.09 0.78 0.70 1.06 0.31
605789

USNM 24312 55.6 2.66 2.07 52.0 3.4 0.06 0.79 0.79 1.07 0.36
605790

USNM D11783  60.5 2.67 2.02 46.5 35 0.06 0.71 0.71 0.96 0.36

605792



2015 LANDMAN ET AL.: NEW SPECIES OF SCAPHITID AMMONITE
Specimen  Locality LMAX LMAX/ LMAX/ AA Uub  UD/ Wp/Hp Wy/Hg Wy/Hy  Vg/Hg
Number H, Hg LMAX
USNM D2118 44.1 2.77 2.07 26.5 4.7 0.11 0.72 0.64 0.92 -
605796
USNM ? 52.5 2.76 2.06 48.0 32 0.06 0.71 0.71 0.99 0.35
605797
USNM D2118 40.8 2.74 2.13 37.0 32 0.08 0.70 0.70 0.95 0.39
605798
USNM D1033 48.7 2.71 2.13 36.0 3.4 0.07 0.73 0.72 0.96 0.34
605811
USNM D2118 48.7 B - - 2.6 0.05 - - - -
605787
USNM 10768 44.2 3.01 2.43 - 5.0 0.11 0.93 0.80 - 0.44
605791
USNM Crook 58.4 2.65 2.10 59.0 2.7 0.05 0.70 0.72 1.05 0.32
605793 Co., WY
USNM 22114 46.1 2.74 - 39.0 33 0.07 0.72 - 1.04 -
605795
USNM 10768 50.2 2.82 2.07 45.0 2.7 0.05 0.75 0.65 0.99 0.32
605794
USNM D6381 32.6 2.94 2.19 - 2.7 0.08 0.76 0.63 - 0.36
605799
YPM A4768 38.6 3.11 2.06 41.0 5.4 0.14 0.85 0.73 1.06 0.36
35637
YPM A4768 47.2 2.93 2.15 52.0 39 0.08 0.75 0.74 1.04 0.36
35638
YPM A4768 44.4 2.74 2.07 41.0 2.7 0.06 0.75 0.74 1.13 0.36
35639
YPM A4768 48.1 2.78 2.14 44.0 3.7 0.08 0.76 0.75 0.98 0.38
35642
YPM A4768 37.4 2.88 2.17 56.5 2.6 0.07 0.75 0.69 0.95 0.38
35643
YPM A4768 56.9 2.70 2.05 54.0 3.0 0.05 0.70 0.58 0.88 -
35652
Average 51.5 2.78 2.09 43.0 3.7 0.07 0.74 0.70 0.99 0.35

phragmocone occupies approximately one-half whorl and terminates slightly above, at, or
slightly below the line of maximum length. The body chamber consists of a short shaft and
recurved hook totaling slightly more than one-half whorl. The apertural lip is flexuous with a
deep constriction. The apertural angle averages 43.0° and ranges from 24.5 to 59.0° (39.5° in
the holotype). The value of the apertural angle correlates with the relative size of the umbilicus,
so that more openly umbilicate forms exhibit a lower apertural angle than less openly umbili-
cate forms (fig. 10). In addition, as in other scaphites, the value of the apertural angle correlates
with the position of the base of the body chamber. In specimens in which the base of the body
chamber occurs above the line of maximum length, the apertural angle is lower than in speci-
mens in which it occurs below the line of maximum length.
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FIG. 9. Size-frequency histogram of Hoploscaphites sargklofak, n. sp., at a single locality (AMNH loc. 3435,
Baculites grandis Zone, Pierre Shale, Meade County, South Dakota).

The whorl section of the phragmocone along the line of maximum length is compressed
subquadrate with maximum whorl width at one-third whorl height. W,/H,, averages 0.74 and
ranges from 0.64 to 0.93 (0.70 in the holotype). The umbilical wall is steep and subvertical and
the umbilical shoulder is sharply rounded. The flanks are nearly flat and subparallel and con-
verge toward the venter starting at two-thirds whorl height. The ventrolateral shoulder is
sharply rounded and the venter is nearly flat.

As the shell passes from the phragmocone into the body chamber, the whorl width increases
markedly. It reaches its maximum value at the point of recurvature and diminishes slightly
thereafter. Whorl height increases even more markedly during this transition and reaches its
maximum value at midshaft. Thereafter, it diminishes to the point of recurvature and remains
nearly the same up to the aperture. Because of these changes in whorl width and height, the
whorl section at midshaft is only slightly more compressed than that along the line of maxi-
mum length. W¢/Hg averages 0.70 and ranges from 0.57 to 0.80 (0.68 in the holotype). Vs/Hs
averages 0.35 and ranges from 0.27 to 0.44 (0.33 in the holotype). The intercostal whorl section
is subovoid to subquadrate with maximum whorl width at one-quarter whorl height. The
umbilical wall is steep and subvertical and the umbilical shoulder is sharply rounded. The inner
flanks are very broadly rounded and the outer flanks are nearly flat and converge toward the
venter. The ventrolateral shoulder is sharply rounded and the venter is nearly flat.

The whorl section at the point of recurvature is less compressed than that at midshaft,
mainly due to a decrease in whorl height. Wy/Hy; averages 0.99 and ranges from 0.86 to 1.13
(0.95 in the holotype). The intercostal whorl section at the point of recurvature is subovoid
with maximum whorl width at one-quarter whorl height. The umbilical wall is slightly concave
and the umbilical shoulder is sharply rounded. The flanks are broadly rounded and gently
converge toward the venter.

At the point of exposure, ribs emerge at the umbilical seam and strengthen across the
umbilical wall and shoulder. They are slightly prorsiradiate on the flanks. They are straight
or, more rarely, weakly flexuous, bending slightly backward on the inner flanks, slightly for-
ward on the midflanks, and slightly backward again on the outer flanks. The degree of flex-
uosity varies depending on the coarseness of the ornament. For example, in USNM 605785
(not figured) the ribs are coarse and straight and bear strong lateral tubercles, whereas in
AMNH 74374 (fig. 11E-H) the ribs are finer and more flexuous and bear weaker lateral
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FIG. 10. Apertural angle versus UD/LMAX in macroconchs of Hoploscaphites sargklofak, n. sp. The apertural
angle tends to be larger in specimens with relatively smaller umbilici.

tubercles. Lirae are present on the ribs and the interspaces between ribs. Intercalation and
branching occur at one-third and two-thirds whorl height, corresponding to the sites of the
umbilical bullae and lateral tubercles (if present), respectively. Ribs are uniformly strong on
the venter, which they cross with a slight adoral projection. The rib density on the adapical
part of the phragmocone ranges from 5 to 9 ribs/cm, with most values between 6 and 8 ribs/
cm (7 ribs/cm in the holotype). The same pattern of ribbing persists onto the adoral part of
the phragmocone. However, with the disappearance of the lateral tubercles at the adoral end
of the phragmocone, the ribs on the outer flanks become weaker (in those forms in which
lateral tubercles are present to begin with). The rib density on the phragmocone along the
line of maximum length ranges from 5 to 9 ribs/cm, with most values between 6 and 8 ribs/
cm (6 ribs/cm in the holotype).

On the body chamber, ribs arise at the umbilical seam and are rursiradiate on the umbilical
wall and shoulder of the shaft, becoming more rectiradiate toward the aperture. They are pror-
siradiate on the flanks and are straight to weakly flexuous. They swell and broaden on the
midflanks, before disappearing toward the ventrolateral margin. Intercalation and branching
occur at one-third and two-thirds whorl height. On well-preserved specimens, such as USNM
605792 (fig. 14A-C), the ribs on the outer flanks are fine and closely spaced, forming a broad
band that extends to the aperture. These ribs are present only on the outer shell surface and
are barely visible or absent on steinkerns such as AMNH 74365 (fig. 14G-I). The ribs on the
venter of the shaft are faint in specimens that retain the outer shell wall, but are absent alto-
gether in steinkerns. In the few specimens in which the ribs are visible, they show only a slight
adoral projection. The rib density ranges from 7 to 13 ribs/cm with most values between 8 and
11 ribs/cm (7 ribs/cm in the holotype). Thus, the rib density shows a minimal increase from
the adoral end of the phragmocone to the shaft.
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Table 2. Measurements of Hoploscaphites sargklofak, n. sp., microconchs. See figure 4 for description of

measurements. All measurements are in mm.

Specimen Locality LMAX LMAX/ UD UD/ Wy/Hp W/Hg Wu/Hy  Vg/Hg
Number H, LMAX

AMNH 3435 30.4 3.07 4.2 0.14 0.74 0.80 0.90 0.46
63547

AMNH 3435 27.7 3.08 4.9 0.18 0.73 - 0.89 -
63550

AMNH 3435 32.9 3.19 4.5 0.14 0.75 0.72 0.85 0.39
63552

AMNH 3435 31.9 3.22 4.5 0.14 0.86 0.77 0.90 0.46
63553

AMNH 3435 33.9 3.23 5.5 0.16 0.80 0.76 0.93 0.48
63557

AMNH 3194 28.2 3.00 2.7 0.10 0.68 0.63 0.86 0.34
63574

AMNH 3194 35.2 3.32 5.6 0.16 0.82 0.80 0.92 0.42
63579

AMNH 3278 32.1 2.89 4.0 0.12 0.75 0.81 0.96 0.46
63582

AMNH 3278 40.1 3.18 4.3 0.11 0.82 0.81 1.04 0.45
63583

AMNH 3278 - - 4.4 - 0.81 0.79 0.95 0.43
63584

AMNH 3264 31.8 3.24 4.8 0.15 0.82 0.72 0.93 0.40
64607

AMNH 3487 29.8 3.39 4.5 0.15 0.83 0.75 0.88 0.40
64637

AMNH 3487 42.6 3.06 6.1 0.14 0.74 0.73 0.86 0.41
64651

AMNH 3487 24.7 3.21 4.1 0.17 0.79 0.68 0.80 0.38
64653

AMNH 3727 45.0 3.38 4.3 0.10 - - 1.09 -
74292

AMNH 3728a 39.4 3.08 5.6 0.14 0.83 - - -
74295

AMNH 3728 41.4 3.37 3.6 0.09 0.80 0.69 0.92 0.43
74298

AMNH 3727 44.2 3.35 6.2 0.14 0.89 - - -
74300

AMNH 3728 37.3 2.89 5.0 0.13 0.70 0.71 0.88 0.35
74301

AMNH 3728 31.0 3.20 4.7 0.15 0.73 0.65 0.81 0.45
74303

AMNH 3728 34.5 3.29 5.4 0.16 - - 0.94 0.47
74306

AMNH 3728a 31.2 3.71 5.7 0.18 0.85 0.72 0.91 0.34

74307
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Specimen Locality LMAX LMAX/ UD UD/ Wp/Hp  Wg/Hg Wy/Hy  Vg/Hg
Number H, LMAX

AMNH 3735 29.7 3.26 3.5 0.12 0.76 0.74 0.94 B
74310

AMNH 3728 30.8 3.21 4.3 0.14 0.90 0.74 - 0.46
74311

AMNH 3728a 324 3.24 4.2 0.13 0.80 - - -
74312

AMNH 3728a 31.9 3.29 5.4 0.17 0.85 0.80 0.94 0.53
74313

AMNH 3732 27.4 3.26 4.5 0.16 0.86 0.83 0.88 0.40
74314

AMNH 3727 34.7 2.99 5.1 0.15 0.72 0.64 - -
74315

AMNH 3728a 30.1 3.42 53 0.18 0.93 0.94 1.04 -
74316

AMNH 3727 29.6 3.08 4.2 0.14 0.86 0.79 0.91 0.45
74317

AMNH 3732 34.1 3.07 4.4 0.13 0.87 0.81 0.96 0.36
74318

AMNH 3727 40.0 3.25 4.2 0.11 0.84 0.68 0.99 0.42
74319

AMNH 3732 27.8 3.34 4.8 0.18 0.84 0.81 0.90 0.50
74320

USNM D396 31.2 3.06 4.6 0.15 0.72 0.76 0.91 0.38
605805

USNM 23625 49.3 3.16 3.8 0.08 0.77 0.79 0.94 0.42
605812

YPM 35608 A4778 34.6 3.15 33 0.10 0.79 - - -
Average 33.8 3.21 4.6 0.14 0.80 0.76 0.92 0.43

The ribs become less flexuous on the adoral end of the shaft and hook. They are prorsiradi-
ate with intercalation and branching at one-third and, especially, two-thirds whorl height. In
the holotype, which is a steinkern with most of the outer shell wall missing, the ribs, which are
faint at midshaft, become visible again on the adoral part of the shaft and hook. They are fine,
closely spaced, and weakly flexuous, swinging slightly backward on the outer flanks and slightly
forward again at the ventrolateral margin. Branching and intercalation occur at one-half whorl
height. The rib density ranges from 9 to 20 ribs/cm with most values between 10 and 15 ribs/
cm (12 ribs/cm in the holotype), indicating a marked increase in rib density from the shaft to
the hook. Ribs cross the venter with a marked adoral projection and are much better developed
than those on the shaft.

It is difficult to pin down the first appearance of umbilicolateral bullae or tubercles during
ontogeny. In almost all specimens, the primary ribs at the point of exposure are strong and
adorally concave at one-third whorl height, but usually what qualifies as a bulla or tubercle
does not appear until near the adoral end of the phragmocone. Umbilicolateral bullae are
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absent on the phragmocone of the holotype, but this is probably due to poor preservation. In
contrast, in AMNH 74367 (fig. 13E, F) umbilicolateral bullae start midway on the phragmo-
cone and become more tuberculate in an adoral direction. The maximum number of bullae or
tubercles on the phragmocone in our measured sample is 6. The bullae are relatively evenly
spaced with a maximum distance of 5 mm between them. One rib joins each bulla dorsally
and one or two ribs branch from it ventrally.

Umbilicolateral bullae or tubercles are almost always present on the body chamber. They
occur at one-quarter to one-third whorl height. They vary in strength depending on the coarse-
ness of the ornament. In the holotype, which is a finely ornamented specimen, they appear as
slightly raised areas 0.2 mm high, although this is probably an underestimate due to poor pres-
ervation. In AMNH 35639, a more coarsely ornamented specimen (not figured), the bullae are
elevated into tubercles 0.8 mm high, which become more radially elongate toward the aperture.
In USNM 605792 (fig. 14A-C), another coarsely ornamented specimen, the bullae almost develop
into nodes at midshaft, one node of which is broader than the rib that bears it. These nodes are
asymmetrical in cross section with a steep adapical face and a more gently sloping adoral face.

The number of umbilicolateral bullae or tubercles on the body chamber ranges from 4 to
7 (5 in the holotype), so that the total number of umbilicolateral bullae or tubercles on the
entire exposed shell ranges from 5 to 12 (5 in the holotype). In general, the bullae are closely
spaced on the adapical end of the shaft, more widely spaced at midshaft, and more closely
spaced again on the hook. For example, in AMNH 74367 (fig. 13E, F) the distance between
consecutive bullae starting at the base of the body chamber is 5.5, 5.5, 3.5, and 3.5 mm. A
similar pattern appears in USNM 605792 (fig. 14A-C); the distance between consecutive bullae
starting at the base of the body chamber is 1.5, 2.5, 3.5, 4.0, 3.5, 4.0, 4.0, and 3.0 mm. The
holotype shows a slightly wider gap between bullae at midshaft. The distance between consecu-
tive bullae in this specimen, starting at the base of the body chamber, is 4.5, 6.5, 4.5, and 4.5
mm. In general, one rib joins each bulla dorsally and two ribs branch from it ventrally; one or
two ribs intercalate between bullae.

Ventrolateral tubercles are usually present at the point of exposure and are closely and
evenly spaced. In the holotype, they occur on every rib or every other rib and become increas-
ingly more widely spaced in an adoral direction, so that the distance between consecutive
tubercles at the adoral end of the phragmocone is 4.5 mm. Similarly, in USNM 605785 (not
figured), which is a small, coarsely ornamented specimen, the tubercles occur on every rib or
every other rib, with a maximum distance of 2.5 mm between consecutive turbercles at the

<

FIG. 11. Hoploscaphites sargklofak, n. sp., macroconchs. A-D. USNM 605788, holotype, USGS loc. 24312,
McCone County, Montana. A. Right lateral; B. apertural; C. ventral; D. left lateral. E-H. AMNH 74374,
AMNH loc. 3731, Niobrara County, Wyoming. E. Right lateral; F. apertural; G. ventral; H. left lateral. I-L.
USNM 605796, paratype, USGS Mesozoic loc. D2118, Niobrara County, Wyoming. I. Right lateral; J. aper-
tural; K. ventral; L. left lateral. M—P. USNM 605798, USGS Mesozoic loc. D2118, Niobrara County, Wyoming.
M. Right lateral; N. apertural; O. ventral; P. left lateral. Specimens x1.
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adoral end of the phragmocone. In AMNH 74367 (fig. 13E, F), the tubercles initially occur on
every rib, but begin to appear on every other rib on the last adoral one-third of the phragmo-
cone, with a maximum distance of 4 mm between consecutive tubercles at this point.

The number of ventrolateral tubercles on the phragmocone ranges from 12 to 24 with an
average of 17 (14 tubercles in the holotype). The tubercles are conical in shape and change from
slightly radially elongate at the point of exposure to slightly longitudinally elongate at the adoral
end of the phragmocone. In our measured sample, the maximum height of a tubercle on the
phragmocone ranges from 0.3-1.2 mm (1.0 mm in the holotype). One rib usually joins each
ventrolateral tubercle dorsally and one to three ribs branch from it ventrally, looping between
tubercles on opposite sides of the venter.

The presence of numerous, closely spaced ventrolateral tubercles on the body chamber,
including the hook, is one of the distinctive features of this species. Ventrolateral tubercles are
closely spaced on the adapical part of the shaft and become gradually more widely spaced in an
adoral direction. They attain their maximum spacing on the adoral end of the shaft, and then
become more closely spaced again on the hook. In the holotype, the distance between consecutive
ventrolateral tubercles is 3.5 mm at the adapical end of the shaft, 5.5 mm at midshaft, 6.0 mm at
the adoral end of the shaft near the point of recurvature, and 2.5 mm on the hook.

The total number of ventrolateral tubercles on the body chamber in our measured sample
ranges from 14 to 32 with an average value of 20 (23 in the holotype). Therefore, the total
number of ventrolateral tubercles on the entire exposed shell ranges from 32 to 47 with an
average value of 38 (37 in the holotype). The ventrolateral tubercles are slightly clavate on the
adoral end of the shaft where they attain their maximum height. The maximum height of the
tubercles in the measured sample ranges from 0.5-1.5 mm (1.0 mm in the holotype). The
tubercles become uniformly smaller on the hook and, in some instances, slightly radially elon-
gate, as in the holotype (fig. 11A-D) and AMNH 74366 (fig. 15D-F).

Because of poor preservation, it is difficult to determine the relationship between the ven-
trolateral tubercles and the ribs at midshaft. In those specimens where the outer shell wall is
preserved, it appears that 3 or 4 ribs join each tubercle dorsally and an equal number of ribs
branch from it ventrally, looping between ventrolateral tubercles on opposite sides of the venter,
as in AMNH 74367 (fig. 13E, F). The number of ribs that intercalate between consecutive
tubercles depends on the position on the shaft. For example, in AMNH 74366 (fig. 15D-F)
three ribs intercalate between consecutive tubercles at midshaft whereas eight ribs intercalate
between consecutive tubercles on the adoral end of the shaft.

The presence of lateral tubercles on the adapical part of the phragmocone is common in this
species, but not ubiquitous. They are present in approximately 25% of the specimens in our

<

FIG. 12. Hoploscaphites sargklofak, n. sp., macroconchs. A-D. AMNH 64684, AMNH loc. 3487, Weston
County, Wyoming. A. Right lateral; B. apertural; C. ventral; D, left lateral. E-H. USNM 605786, USGS Meso-
zoic loc. D11783, Weston County, Wyoming. E. Right lateral; F. apertural; G. ventral; H. left lateral. I-L. YPM
35638, YPM loc. A4768, Niobrara Country, Wyoming. I. Right lateral; J. apertural; K. ventral; L. left lateral.
M-P. YPM 35642, YPM loc. A4768. M. Right lateral; N. apertural; O. ventral; P. left lateral. Specimens x1.



22 AMERICAN MUSEUM NOVITATES NO. 3833

FIG. 13. Hoploscaphites sargklofak, n. sp., macroconchs. A-D. USNM 605790, USGS loc. 24312, McCone
County, Montana. A. Right lateral; B. apertural; C. ventral; D. left lateral. E-H. AMNH 74367, AMNH loc.
3728, Niobrara County, Wyoming. E. Right lateral; F. apertural; G. ventral; H. left lateral. I-L. USNM 605797,
locality unknown. I. Right lateral; J. apertural; K. ventral; L. left lateral. Specimens x1.
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sample, not including the holotype. In some specimens, such as AMNH 74374 (fig. 11E-H), they
appear as swellings at two-thirds whorl height. The ribs show a break in profile at this point but
do not form distinct tubercles. In other specimens, a single or double row of tubercles appears at
the point of exposure. For example, in YPM 35638 (fig. 12I-L), a single row of 10 lateral tubercles
extends from the point of exposure to midway on the phragmocone. The tubercles occur at three-
quarters whorl height and are not as strong as the ventrolateral tubercles. They are more or less
evenly spaced and occur on every rib or every other rib. Similarly, in AMNH 74367 (fig. 13E, F),
a single row of six lateral tubercles occurs on the adapical one-half of the phragmocone. In con-
trast, in USNM 605792 (fig. 14A-C), two rows of lateral tubercles are present. The outer row
occurs at three-quarters whorl height and extends from the point of exposure to nearly the end
of the phragmocone. It consists of eight tubercles, which are evenly spaced at distances of 2.5 mm
on every other rib. An additional row of five tubercles occurs at two-thirds whorl height but is
restricted to the adapical end of the phragmocone. These tubercles occur on the same ribs as the
outer lateral tubercles but are weaker and more bullate.

Lateral tubercles also occasionally appear on the hook. In USNM 605792 (fig. 14A-C), a
single row of three lateral tubercles extends from near the point of recurvature to the aperture.
The tubercles are slightly smaller than the ventrolateral tubercles and immediately adjacent to
them. Similarly, in AMNH 90567 (fig. 16]-L), a single row of five lateral tubercles extends from
the adoral end of the shaft to the aperture. They are unevenly spaced with a large gap of 10.5
mm between the two most adapical tubercles. In AMNH 63556 (fig. 16A-D), a single row of
three lateral tubercles also extends from the adoral end of the shaft to the aperture. An addi-
tional inner lateral tubercle is present near the aperture, giving the impression that the tubercles
are randomly scattered on the shell.

The suture is deeply incised, with a broad, asymmetrically bifid first lateral saddle (E/L)
and a narrow, symmetrically to asymmetrically bifid first lateral lobe (L) (fig. 17).

MicrocoNcH DEescripTioN: The most notable features of the microconchs are the rela-
tively large umbilicus, little or no gap between the phragmocone and hook, subquadrate whorl
section of the shaft with fairly flat flanks, numerous, closely spaced ventrolateral tubercles on
the phragmocone and body chamber, and umbilicolateral bullae on the body chamber.

LMAX averages 33.8 mm and ranges from 24.7 to 49.3 mm (fig. 8; table 2). The average
size of microconchs is 0.66 that of macroconchs. As in macroconchs, the size distribution is
unimodal, with a peak between 30-35 mm. The few larger microconchs such as USNM 605812
(fig. 19R-T) presumably correspond to the few larger macroconchs in our collection such as
AMNH 74366 (fig. 15D-F). The ratio of the average size of microconchs to that of macro-
conchs at a single locality (AMNH loc. 3435) is 0.69.

Microconchs are oval to nearly circular in lateral view. The phragmocone occupies slightly
more than one-half whorl and usually terminates just above the line of maximum length.
Specimens are tightly coiled with a small gap between the phragmocone and hook. LMAX/H,
averages 3.21 and ranges from 2.89 to 3.71. AMNH 74316 (fig. 18U-X) is an example of a
loosely coiled specimen (LMAX/H, = 3.42) and AMNH 74315 (fig. 19E, F) is an example of a
tightly coiled specimen (LMAX/H, = 2.99).
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The umbilical seam of the shaft follows the curve of the venter. The body chamber occupies
slightly more than one-half whorl and terminates in a constriction at the aperture. The umbi-
licus, as noted, is relatively large. UD/LMAX averages 0.14 and ranges from 0.08 to 0.18. The
early whorls are well exposed in most specimens. For example, in AMNH 74313 (fig. 19A-D)
all the whorls, including the ammonitella, are visible.

The whorl section along the line of maximum length is compressed subquadrate. W,/H,
averages 0.80 and ranges from 0.68 to 1.11. The umbilical wall is nearly vertical and the umbili-
cal shoulder is abruptly rounded. The flanks are subparallel and broadly rounded to flat. Maxi-
mum width occurs at one-quarter whorl height. The ventrolateral shoulder is abruptly rounded
and the venter is broadly rounded to flat.

Whorl width increases gradually from the phragmocone into the body chamber and
reaches its maximum value at the point of recurvature. Whorl height also increases gradually
from the phragmocone into the body chamber and attains its maximum value at approximately
the adapical part of the shaft. Thereafter, it decreases slightly to the aperture.

The whorl section at midshaft is compressed subquadrate with maximum width at one-
quarter whorl height. W¢/Hg averages 0.76 and ranges from 0.63 to 0.94. The umbilical wall is
steep and the umbilical shoulder slopes gently outward. The flanks are broadly rounded to flat
and converge toward the ventrolateral margin. The ventrolateral shoulder is abruptly rounded
and the venter is nearly flat.

The whorl section at the point of recurvature is more ovate than that at midshaft. W /Hy
averages 0.92 and ranges from 0.80 to 1.09. The umbilical wall is broad and slopes gently out-
ward to the umbilical shoulder. The flanks are broadly rounded with maximum width at one-
quarter whorl height. The venter is broadly rounded except in those specimens that retain
ventrolateral tubercles on the hook, such as AMNH 74319 (fig. 190-Q).

At the point of exposure, ribs cross the umbilical wall of the phragmocone slightly rursira-
diate. They swing gently backward and then forward on the inner one-third of the flanks,
forming a weak adoral concavity. They then swing slightly forward and then backward again
on the outer two-thirds of the flanks, forming a weak adoral convexity. The degree of flexuosity
diminishes toward the base of the body chamber. On the adapical end of the phragmocone,
the ribs strengthen at three-quarters whorl height, and sometimes bear a row of lateral tuber-
cles. Intercalation and branching occur at one-third and, especially, three-quarters whorl
height. Ribs are uniformly strong on the venter, which they cross with only a slight forward
projection. They are relatively closely spaced with an average of 8 ribs/cm on both the adapical
and adoral parts of the phragmocone.

Ribs are prorsiradiate and slightly flexuous on the shaft. They swing slightly backward on
the inner flanks, slightly forward on the midflanks, and slightly backward again on the outer
flanks. The ribs on the shaft are not as strong as those on the phragmocone. Intercalation and

<

FIG. 14. Hoploscaphites sargklofak, n. sp., macroconchs. A-C. USNM 605792, paratype, USGS Mesozoic loc.
D11783, Weston County, Wyoming. A. Apertural; B. ventral; C. left lateral. D-FE AMNH 74364, AMNH loc.
3728a, Niobrara County, Wyoming. D. Right lateral; E. apertural; F. ventral. G-1. AMNH 74365, paratype,
AMNH loc. 3728, Niobrara County, Wyoming. G. Apertural; H. ventral; I. left lateral. Specimens x1.
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FIG. 15. Hoploscaphites sargklofak, n. sp., macroconchs. A—-C. AMNH 64710, AMNH loc. 3278, Weston
County, Wyoming. A. Right lateral; B. apertural; C. ventral. D-F. AMNH 74366, paratype, AMNH loc. 3727,
Niobrara County, Wyoming. D. Right lateral; E. apertural; F. ventral. G-I1. YPM 35652, YPM loc. A4768,
Niobrara County, Wyoming. G. Right lateral; H. apertural; I. ventral. Specimens x1.



2015 LANDMAN ET AL.: NEW SPECIES OF SCAPHITID AMMONITE 27

Cc

FIG. 16. Hoploscaphites sargklofak, n. sp., macroconchs, single concretion, AMNH loc. 3435, Meade County,
South Dakota. A-D. AMNH 63556. A. Right lateral; B. apertural; C. ventral; D. left lateral. E-H. AMNH
90566. E. Right lateral; F. apertural; G. ventral; H. left lateral. I. AMNH 63560, right lateral. J-L. AMNH
90567. J. Right lateral; K. ventral; L. left lateral. M. AMNH 63554, right lateral. N-Q. AMNH 90568. N. Right
lateral; O. apertural; P. ventral; Q. left lateral. Specimens x1.
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FIG. 17. Hoploscaphites sargklofak, n. sp., sutures. A. AMNH 74367, macroconch, fourth suture from the last,
AMNH loc. 3728, Niobrara County, Wyoming. B. USNM 605788, macroconch, holotype, third suture from
the last, USGS loc. 24312, McCone County, Montana. C. AMNH 71839, macroconch of closely related unde-
scribed species, third suture from the last, Baculites baculus Zone, Bearpaw Shale, Dawson County, Montana.
D. USNM 605812, microconch, paratype, third suture from the last, USGS loc. 23625, Richland County,
Montana. E. AMNH 74319, microconch, paratype, third suture from the last, AMNH loc. 3727, Niobrara
County, Wyoming. . AMNH 74316, microconch, paratype, fourth suture from the last, AMNH loc. 3728a,
Niobrara County, Wyoming. Abbreviations: X, tubercle; E, ventral lobe; E/L, first lateral saddle between ventral
and lateral lobe; L, lateral lobe.
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FIG. 18. Hoploscaphites sargklofak, n. sp., microconchs. A-D. AMNH 63574, AMNH loc. 3194, Weston County;,
Wyoming. A. Right lateral; B. apertural; C. ventral; D. left lateral. E-G. AMNH 74312, AMNH loc. 3728a, Niobrara
County, Wyoming. E. Apertural; E. ventral; G. left lateral. H-J. AMNH 74314, AMNH loc. 3732, Niobrara County,
Wyoming. H. Right lateral; I. ventral; J. left lateral. K-N. AMNH 74320, AMNH loc. 3728, Niobrara County,
Wyoming. K. Right lateral; L. apertural; M. ventral; N. left lateral. O-Q. AMNH 74311, AMNH loc. 3728, Niobrara
County, Wyoming. O. Right lateral; P. ventral; Q. left lateral. R-T. AMNH 63584, AMNH loc. 3278, Weston County;,
Wyoming. R. Right lateral; S. ventral; T. apertural. U-X. AMNH 74316, paratype, AMNH loc. 3728a, Niobrara
County, Wyoming. U. Right lateral; V. apertural; W. ventral; X. left lateral. Y-b. AMNH 63582, AMNH loc. 3278,
Weston County, Wyoming. Y. Right lateral; Z. apertural; a. ventral; b. left lateral. c-f. AMNH 63579, AMNH loc.
3194, Weston County, Wyoming. c. Right lateral; d. apertural; e. ventral; f. left lateral. Specimens x1.
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FIG. 19. Hoploscaphites sargklofak, n. sp., microconchs. A-D. AMNH 74313, AMNH loc. 3728a, Niobrara
County, Wyoming. A. Right lateral; B. apertural; C. ventral; D. left lateral. E, . AMNH 74315, AMNH loc.
3727, Niobrara County, Wyoming. E. Right lateral; F. apertural. G-1. AMNH 74318, AMNH loc. 3732, Nio-
brara County, Wyoming. G. Apertural; H. ventral; I. left lateral. J-L. AMNH 74301, AMNH loc. 3728, Nio-
brara County, Wyoming. J. Apertural; K. ventral; L. left lateral. M, N. AMNH 63583, AMNH loc. 3278,
Weston County, Wyoming. M. Ventral; N. left lateral. O-Q. AMNH 74319, paratype, AMNH loc. 3728,
Niobrara County, Wyoming. O. Right lateral; P. apertural; Q. ventral. R-T. USNM 605812, paratype, USGS
Mesozoic loc. 23625, Richland County, Montana. R. Right lateral; S. apertural; T. ventral. U, V. AMNH 74300,
AMNH loc. 3727, Niobrara County, Wyoming. U. Right lateral; V. apertural. Specimens x1.
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branching occur at one-quarter and two-thirds whorl height. The ribs on the venter are usually
poorly preserved, but in the few specimens in which they are visible, they show only a slight
forward projection. The ribs are slightly more closely spaced on the shaft than those on the
phragmocone, with an average of 9 ribs/cm.

Ribs are prorsiradiate on the hook. They are straight or show a broad adoral convexity on
the midflanks, bending slightly backward and forward again at the ventrolateral shoulder. Inter-
calation and branching occur at one-half to two-thirds whorl height. In some specimens such
as USNM 605812 (fig. 19R-T), the ribs on the hook are more prominent than those on the
shaft. Ribs cross the venter with a marked forward projection. They are uniformly strong and
more or less evenly spaced. The rib density ranges from 10 to 18 ribs/cm, indicating a substan-
tial increase in rib density from the shaft to the hook.

Umbilicolateral tubercles or bullae are absent on the phragmocone in one-half of our speci-
mens. In these specimens, the ribs are stronger and show a slight adoral concavity in this area.
In the other one-half of our specimens, umbilicolateral bullae appear near the adoral end of
the phragmocone. For example, in AMNH 74316 (fig. 18U-X), a small, but coarsely orna-
mented specimen (31.8 mm in diameter), and in USNM 605812 (fig. 19R-T), a large, but finely
ornamented specimen (49.9 mm in diameter), two umbilicolateral bullae each appear at the
adoral end of the phragmocone. The distance between consecutive bullae in each of these
specimens is 2.5 and 5.0 mm, respectively.

In contrast, all the specimens in our sample exhibit umbilicolateral bullae on the body cham-
ber. The bullae are evenly spaced and usually persist up to the aperture. The distance between
consecutive bullae at midshaft ranges from 2.5-6.0 mm, e.g., 3.5, 6.0, and 3.0 mm in AMNH
74314 (fig. 18H-J), USNM 605812 (fig. 19R-T), and AMNH 74301 (fig. 19]-L), respectively. The
number of umbilicolateral bullae on the body chamber in our sample ranges from 5 to 8, e.g., 5,
5, and 7 in AMNH 74314 (fig. 18H-]), USNM 605812 (fig. 19R-T), and AMNH 74301 (fig.
19J-L), respectively. In many specimens, the shape of the bulla changes during ontogeny. As
shown in USNM 605812 (fig. 19R-T), the bullae are elongate on the adapical end of the shaft,
tuberculate on the midshaft, and nodate on the adoral part of the shaft and hook. The nodes attain
a height of 1 mm and display a steeply sloping adapical face and a more gently sloping adoral
face. In most specimens, the height of the tubercle or bulla ranges from 0.4-0.8 mm. In general,
one rib joins an umbilicolateral tubercle dorsally and two or three ribs branch from it ventrally.

Ventrolateral tubercles are present on the phragmocone beginning near the point of expo-
sure. In general, they are evenly spaced, with a maximum distance of 2-4 mm between con-
secutive tubercles at the adoral end of the phragmocone. One or two ribs loop between
ventrolateral tubercles on either side of the venter, with an occasional nontuberculate rib in
between, as in AMNH 74300 (fig. 19U, V). A total of 8-13 ventrolateral tubercles are present
on the exposed phragmocone. They develop a more conical shape toward the base of the body
chamber, with a maximum height of 0.3-1 mm.

Ventrolateral tubercles are present on the body chamber and generally conform to the
following pattern: closely spaced on the adapical part of the shaft, gradually becoming more
widely spaced toward the midshaft. They attain their maximum spacing on the adoral part
of the shaft, after which they generally disappear. If they persist onto the hook, they become
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FIG. 20. Hoploscaphites sargklofak, n. sp., microconchs, single concretion, same as figure 16, AMNH loc. 3435,
Meade County, South Dakota. A-D. AMNH 63552. A. Right lateral; B. apertural; C. ventral; D. left lateral.
E-G. AMNH 63550. E. Right lateral; F. apertural; G. ventral. H-K. AMNH 63557. H. Right lateral; I. aper-
tural; J. ventral; K. left lateral. L, M. AMNH 63553. L. Right lateral; M. ventral. N. AMNH 63555, right lateral.
O. AMNH 63566, right lateral. P-S. AMNH 63547. P. Right lateral; Q. apertural; R. ventral; S. left lateral.
T-W. AMNH 63558. T. Right lateral; U. apertural; V. ventral; W. left lateral. X-a. AMNH 63569. X. Right
lateral; Y. apertural; Z. ventral; a. left lateral. Specimens x1.

more closely spaced again. Descriptions of three specimens help flesh out these patterns. In
AMNH 74311 (fig. 180-Q) the distance between consecutive tubercles is 4.0 mm on the
adapical part of the shaft, 5.0 mm on the midshaft, 6.5 mm on the adoral part of the shaft,
and 3.5 mm on the hook. In AMNH 74319 (fig. 190-Q) the distance between consecutive
tubercles is 4.0 mm on the adapical part of the shaft, 6.0 mm on the midshaft, 7.0 mm on
the adoral part of the shaft, and 3.0 mm on the hook. In AMNH 74313 (fig. 19A-D) the
distance between consecutive tubercles is 4.5 mm on the adapical part of the shaft, 5.5 mm
on the midshaft, and 6.0 mm on the adoral part of the shaft, after which the tubercles disap-
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pear. The maximum distance between consecutive tubercles at midshaft in our sample ranges
from 2.5 to 6.0 mm.

The relationship between ribs and ventrolateral tubercles on the body chamber is difficult to
determine because the ribs on the venter of the shaft are generally poorly preserved. In specimens
in which the ribs are visible, two or three ribs loop between ventrolateral tubercles on either side
of the venter with one or two nontuberculate ribs in between. This produces a succession of highs
and lows on the venter, with the highs constituting the cluster of ribs that loop between tubercles
and the lows constituting the nontuberculate ribs in between. The number of ventrolateral tuber-
cles on the body chamber in our measured sample ranges from 9 to 16. Thus, the total number
of ventrolateral tubercles on the exposed shell ranges from 21 to 28.

Ventrolateral tubercles become increasingly clavate toward the adoral end of the shaft
where they reach their maximum height (0.4-1.4 mm in our sample). They exhibit a steeply
sloping adapical face and a more gently sloping adoral face. In those specimens in which the
ventrolateral tubercles continue onto the hook, they become smaller and more bullate.

Lateral tubercles are present only in 50% of the specimens in our sample. Of these, 20%
show incipient tubercles, and 30% well-developed tubercles. Incipient tubercles consist of rib
swellings that are not well enough defined to be called bullae or tubercles. For example, in
AMNH 74316 (fig. 18U-X) a row of incipient tubercles appear at two-thirds whorl height on
the adoral end of the phragmocone. In contrast, in AMNH 74313 (fig. 19A-D) a row of well-
developed tubercles occurs at the same whorl height starting at the point of exposure and
extending to the adoral end of the phragmocone. They are less prominent than the ventrolateral
tubercles and occur on every rib at approximately equal distances of 2-3 mm.

The suture in microconchs is similar to that in macroconchs (fig. 17).

Jaws: AMNH locality 3194, Weston County, Wyoming, yields an abundance of lower jaws
(fig. 21). The jaws appear as isolated occurrences and are attributed to Hoploscaphites sargk-
lofak, n. sp. The lower jaw is characteristic of the Aptychophora and consists of a pair of sym-
metrical wings separated by a slit down the middle (Landman et al., 2010).

DiscussioN: Examination of the size difference between dimorphs in our sample of
Hoploscaphites sargklofak, n. sp., reveals that the smallest microconch is smaller than the small-
est macroconch, and that the largest microconch is smaller than the largest macroconch (fig.
8). In the sample from AMNH locality 3435, the dimorphs do not overlap in size, although the
difference between the largest microconch and the smallest macroconch is only 2 mm (fig. 9).
Thus, size alone is not a reliable indicator of dimorphism. However, fortunately in scaphites,
other criteria such as the degree of uncoiling and ornament of the body chamber serve to
distinguish dimorphs (Cobban, 1969). The implication is that a failure to recognize dimor-
phism on the basis of size alone in instances where no other morphological criteria are avail-
able (degree of coiling or ornament) does not necessarily imply that dimorphism does not exist,
as recently pointed out by Kennedy (2003: 440) in his discussion of the Cenomanian planispiral
ammonite Schloenbachia.

In the Western Interior, Hoploscaphites sargklofak, n. sp., is similar to undescribed forms
of Hoploscaphites in the Baculites baculus and B. clinolobatus zones. It differs from the form in
the underlying B. baculus Zone in being more compressed, with more flattened flanks, a larger
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FIG. 21. Lower jaws of Hoploscaphites sargklofak, n. sp., AMNH loc. 3194, Weston County, Wyoming. A.
AMNH 64663, lower jaw with commissure exposed. B. AMNH 64663, lower jaw, slightly rotated to expose
the left side. C. AMNH 63588, lower jaw, left side. D. AMNH 64635, lower jaw, left side. E. AMNH 64649,
lower jaw, right side.

umbilicus, more numerous and closely spaced ventrolateral tubercles, and, in some specimens,
lateral tubercles on the adapical one-half of the phragmocone and on the hook. It differs from
the form in the overlying B. clinolobatus Zone in being less compressed and with more rounded
flanks, broader venter, and fewer ventrolateral tubercles. Thus, the biostratigraphic sequence of
these three species from the B. baculus to the B. clinolobatus Zones reveals a trend in Hoploscaph-
ites toward greater shell compression and smaller, more numerous ventrolateral tubercles.

Outside the Western Interior, Hoploscaphites sargklofak, n. sp., most closely resembles H.
constrictus Sowerby, 1817, from northern Europe (see Kennedy, 1986: pl. 13, figs. 1-3, 16-24; pl.
14, figs. 1-38; pl. 15, figs. 1-31; text-figs. 9, 11; Machalski, 2005, figs. 5-7,10, 12). This species
ranges from the base of the Maastrichtian to the Cretaceous/Paleogene boundary and possibly
into the lower Paleocene (Machalski and Heinberg, 2005). This range overlaps with that of
Hoploscaphites sargklofak, n. sp., which occurs in the middle part of the lower Maastrichtian.

Hoploscaphites sargklofak, n. sp., differs slightly from H. constrictus in its shape and details of
its ornamentation. These differences are apparent in a comparison of macroconchs of similar size:
(1) the number of ventrolateral tubercles on the exposed phragmocone is higher in H. sargklofak,
n. sp., than in H. constrictus (compare figs. 12] and 22A); (2) the venter of the shaft is flatter and
the distance between ventrolateral tubercles on either side of the venter at midshaft is greater in
H. sargklofak, n. sp., than in H. constrictus (compare figs. 13K and 22C); (3) one or two rows of
lateral tubercles occasionally occur on the phragmocone and, more rarely, on the hook in H.
sargklofak, n. sp., whereas they are absent in H. constrictus (compare figs. 14C and 22E); and (4)
the umbilicus is larger in H. sargklofak, n. sp., than in H. constrictus (compare figs. 11H and 22E).

OccurreNce: This species occurs in the lower Maastrichtian Baculites grandis Zone in
several formations in the U.S. Western Interior: the upper part of the Pierre Shale in Colorado,
Wyoming, and South Dakota, the Lewis Shale in Wyoming, and the upper part of the Bearpaw
Shale in Montana.
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FIG. 22. Hoploscaphites constrictus Sowerby, 1817, macroconchs, Calcaire a Baculites, Cotentin Peninsula,
Manche, France. A-E. SP 8, near Néhou. A. Apertural; B. apertural with part of the phragmocone removed;
C. ventral; D. hook; E. left lateral. F-H. MNHP R1247c, “région de Ste. Colombe.” F. Ventral; G. apertural;
H. left lateral. I, J. SP 3, Fresville. I. Right lateral; J. ventral. K-P. BMNH C43988, paralectotype, from Ste.
Colombe “near Valognes.” K. Right lateral; L. apertural; M. ventral; N. right lateral, phragmocone; O. aper-
tural, phragmocone; P. ventral, phragmocone. Specimens x1.
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APPENDIX
LisT OF LOCALITIES

Localities are numbered consecutively and mapped in figure 3. Numbers 1-17 are Amer-
ican Museum of Natural History (AMNH) localities; numbers 18-32 are U.S. Geological
Survey (USGS) localities; and numbers 33 and 34 are YPM localities. The names of collectors
and dates of collection are indicated at the end of each entry, where known. In the USGS
numbers, the prefix D refers to Denver locality numbers and the others refer to Washington,
D.C,, locality numbers.

AMNH Localities

1. 3194. Kara Bentonitic Member and upper unnamed shale member of the Pierre Shale,
N% sec. 17, T. 46 N., R. 64 W,, Osage Oilfield near Osage, Weston County, Wyoming.

2. 3264. Top of Baculites baculus Zone, Pierre Shale, W% sec. 15, T. 42 N., R. 62 W,, west
of Newcastle, Weston County, Wyoming.

3. 3265. Baculites baculus-B. grandis zones, Pierre Shale, SE% sec. 15, T. 42 N, R. 62 W,,
west of Newcastle, Weston County, Wyoming.

4. 3269. Baculites baculus-B. grandis zones, Pierre Shale, SE% sec. 30, SW¥% sec. 29, NEY
sec. 31, NW¥% sec. 32, T. 43 N, R. 62 W,, west of Newcastle, Weston County, Wyoming.

5. 3278. Baculites baculus-B. grandis zones, Pierre Shale, near Newcastle, Weston County,
Wyoming.

6. 3279. Top of Baculites grandis Zone or bottom of B. clinolobatus Zone, Pierre Shale, near
Newcastle, Weston County, Wyoming.

7. 3435. Baculites grandis Zone, upper part of the Pierre Shale, 44° 14.225'N, 102° 33.173'
W, Meade County, South Dakota.

8. 3487. Baculites grandis Zone, upper part of the Pierre Shale, 43° 35’ 36" N, 104° 16 42"
W, Weston County, Wyoming.

9. 3727 (= G71188). Baculites grandis-B. clinolobatus zones, mostly in and below 8 ft ben-
tonite noted by Gill and Cobban (1966), upper unnamed shale member, Pierre Shale, in an area
trending northeast across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from SW¥
to NW%NEY%NEY sec. 14, T.38N., R.62W., Niobrara County, Wyoming. July11, 1988.

10. 3728 (= G71288). Baculites grandis-B. clinolobatus zones, mostly in and below 8 ft
bentonite noted by Gill and Cobban (1966), upper unnamed shale member, Pierre Shale, in an
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area trending northeast across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from
SW¥% to NWUNEYUNEY sec. 14, T.38N., R.62W., Niobrara County, Wyoming. July 12, 1988.

11. 3728a (= G71388). Baculites grandis-B. clinolobatus zones, mostly in and below 8 ft
bentonite noted by Gill and Cobban (1966), upper unnamed shale member, Pierre Shale, in an
area trending northeast across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from
SW¥ to NW4UNEUNEY sec. 14, T.38N., R.62W., Niobrara County, Wyoming. July 13, 1988.

12. 3729 (= G71488). Baculites grandis Zone, mostly in and below 8 ft bentonite noted by
Gill and Cobban (1966), upper unnamed shale member, Pierre Shale, in an area trending
northeast across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from SW% to
NW¥NEMNEY sec. 14, T.38N., R.62W., Niobrara County, Wyoming. July 14, 1988.

13. 3730 (= G71488). Baculites baculus-B. grandis zones, mostly in and below 8 ft bentonite
noted by Gill and Cobban (1966), upper unnamed shale member, Pierre Shale, in an area
trending northeast across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from SW¥
to NWY4UNEYNEY sec. 14, T.38N., R.62W., Niobrara County, Wyoming. July 14, 1988.

14. 3731 (= G71588). Baculites baculus-B. clinolobatus zones, mostly in and below 8 ft
bentonite noted by Gill and Cobban (1966), upper unnamed shale member, Pierre Shale, in an
area trending northeast across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from
SW¥ to NWUNEUNEY sec. 14, T.38N., R.62W., Niobrara County, Wyoming. July 15, 1988.

15. 3732 (= G71688). Baculites baculus-B. clinolobatus zones, mostly in and below 8 ft
bentonite noted by Gill and Cobban (1966), upper unnamed shale member, Pierre Shale, in an
area trending northeast across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from
SW¥4 to NWYUNEYUNEY sec. 14, T.38N., R.62W., Niobrara County, Wyoming. July 16, 1988.

16. 3733 (= G71788). Didymoceras nebrascense—Baculites grandis zones, Pierre Shale, in an
area trending northeast across Brewster Draw, 2.1-2.5 mi. north-northeast of Redbird, from
SW¥4 to NWYUNEYUNEY sec. 14, T. 38N., R.62W., Niobrara County, Wyoming. July 17, 1988.

17. 3735 (= G72088). Baculites baculus-Hoploscaphites birkelundae zones, upper unnamed
shale member, Pierre Shale, and overlying Fox Hills Formation, sec. 14, T. 38N., R.62W., Nio-
brara County, Wyoming. July 20, 1988.

USGS Localities

18. 10768. Baculites baculus—B. grandis zones, Bearpaw Shale, 50 feet below top, NE% sec.
26 T. 16 N., R. 38 E., Freedom Dome about 15 mi south of Jordan, Garfield County,
Montana.

19. 21584. Mobridge Shale, about 112 ft above base, about 5 mi southeast of Wasta on Sage
Creek Road, Haakon County, South Dakota. ].B. Reeside and W.A Cobban, 1949.

20. 22114. Baculites grandis Zone at top of Pierre Shale, SE% sec. 22, T. 38 N,, R. 62 W,,
about 1 mi north of RedBird Store, Niobrara County, Wyoming.

21. 23625. ?Baculites grandis Zone, Bearpaw Shale, approximately 40 feet below Bearpaw-
Colgate contact, upper zone of calcareous concretions, near corner between sec. 23 and sec.
26, T. 27 N., R. 52 E., Richland County, Montana.
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22. 23628. Bearpaw Shale, SW¥%SW¥% sec. 6, T. 27 N., R. 52 E., Roosevelt County,
Montana.

23.24312. Bearpaw Shale, 38 feet below top, 5 mi south-southwest of Poplar, on west side
of Redwater Creek Valley, EANW% sec. 2 T. 26 N., R. 50 E., McCone County, Montana. W.A.
Cobban, 1951.

24. D396. Baculites grandis Zone, Pierre Shale, from gray limestone concretions near top
of upper member, 3 mi east-northeast of Moorcroft, SE % sec. 27 T. 50N., R. 67W., Crook
County, Wyoming. W.J. Mapel, July 19, 1955.

25. D1033. Baculites grandis Zone, Pierre Shale, from brown and gray calcareous concre-
tions 364-394 feet below top, about 1 mi southeast of U. S. Highway 85 in NW% sec. 25, T. 39
N., R. 62 W,, Niobrara County, Wyoming. W.A. Cobban, September 29, 1956.

26. D1275. Baculites grandis Zone, Bearpaw shale, 112 feet below top, E¥ANEY% sec. 34, T.
16 N., R. 37 E., Garfield County, Montana.

27. D1986. Upper part of Baculites grandis Zone, upper unnamed shale member, Pierre
Shale, NW%4SE% sec. 14, T. 38 N., R. 62 W,, Niobrara County, Wyoming.

28. D2118. Lower part of Baculites grandis Zone, upper unnamed shale member, Pierre
Shale, brown limestone concretions, NW%SE% sec. 14, T. 38 N., R. 62 W,, Niobrara County,
Wyoming.

29. D2775. Baculites grandis Zone, Pierre Shale, NW%4SW¥% sec. 32, T. 1 N, R. 70 W,,
Boulder County, Colorado.

30. D3194. Bearpaw Shale, 50-100 feet below top, 2000 ft north of SW corner sec. 25, T.
16 N., R. 38 E., 500 ft southwest of GP-NP 5-25-P well, Jordan Coal Field, Garfield County,
Montana.

31. D6381. Baculites grandis Zone, Lewis Shale, NW%NW%“NWY% sec. 25 T.14N, R. 90W,
Carbon County, Wyoming. J.R. Gill, August 27, 1967.

32.D11783. Upper part, Pierre Shale, SExANW sec. 17, T.46 N., R.64 W., Weston County,
Wyoming.

YPM Localities

33. A4768. Lower part of Baculites grandis Zone, in and below 8 ft bentonite noted by Gill
and Cobban (1966), upper unnamed shale member, Pierre Shale, in an area trending northeast
across Brewster Draw, 2.1-2.5 mi north-northeast of Redbird, from SW¥% to NW% NE“NEYsec.
14, T.38N., R.62W.,, Niobrara County, Wyoming.

34. A4778. ?Baculites baculus Zone, upper unnamed member, Pierre Shale, unit 89 of Tra-
verse A (Gill and Cobban, 1966), gulley west of fence, NW%4NW“4NE%NW Ysec. 23, T. 62 N.,
R. 38 W,, 1.8 mi northeast of Redbird, Niobrara County, Wyoming.



	TITLE
	ABSTRACT
	INTRODUCTION
	GEOLOGIC SETTING 
	TERMS, METHODS, AND REPOSITORIES 
	SYSTEMATIC PALEONTOLOGY 
	Genus Hoploscaphites Nowak, 1911 
	Hoploscaphites sargklofak, n. sp. 

	ACKNOWLEDGMENTS
	REFERENCES
	APPENDIX  List of Localities

