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ABSTRACT—The Nunn Member (early Osagean) of the Lake Valley Formation of New Mexico is known for its abundance
and diversity of crinoids. Although crinoids were first reported in the late 1800s, no comprehensive study of the crinoids
has been conducted and a complete list of the crinoid taxa does not exist. All subclasses of crinoids occur in the Lake
Valley, but the camerates are by far the dominant group. Study of the Macurda collection from the University of Michigan,
the Laudon collection from the University of New Mexico, and new collections provided more than 7000 specimens, 4,500
of which were identifiable camerates. Sixty-one species of camerates are recognized in the Nunn Member, including five
new species: Blairocrinus macurdai, Iotacrinus novamexicanus, Agaricocrinus alamogordoensis, Uperocrinus kuesi, and
Collicrinus laudoni. This camerate fauna is very similar to that of the lower Burlington Limestone of the Mississippi
Valley. An update of the crinoid taxa in the Lake Valley Formation allows for a better understanding of the temporal and
geographic relationships of crinoid faunas across North American during the Early Mississippian when camerates were at
their global diversity maximum. The majority of the camerates come from the western New Mexico outcrops where the
Nunn Member is thicker and the marine shelf was shallower, but several also occur in association with the deep-water
Waulsortian mounds.

INTRODUCTION

THE EARLY Osagean (late Tournaisian) marked the acme of
camerate crinoid diversity during the Paleozoic (Kammer

and Ausich, 2006; Sallan et al., 2011). Camerate diversity
expanded rapidly as new habitat space opened in the wake of
Frasnian mass extinction of coral reefs (Kammer and Ausich,
2006) and predators were decimated by the Famennian
Hangenberg event (Sallan et al., 2011). Improved knowledge
of Osagean crinoid faunas is critical to a better understanding of
how camerates reached their peak diversity before beginning
their sharp decline during the Meramecian (middle Visean)
(Sallan et al., 2011) that lasted until their extinction in the late
Permian (Baumiller et al., 2010).

The Lake Valley Formation occurs on either side of the Rio
Grande Rift of southern New Mexico and consists of six
members: Andrecito, Alamogordo, Nunn, Tierra Blanca,
Arcente and Dona Ana (Laudon and Bowsher, 1949). The
formation has a rich Early Mississippian fauna, especially
crinoids, that are well preserved (Kues, 1986). However, despite
their abundance, relatively little work has been published on the
Lake Valley crinoids. The crinoids have been mentioned only in
general faunal lists of the formation (Anonymous, 1881; Miller,
1881; Cope, 1882; Springer, 1884; Kues, 1986, 2008), as a part
of larger studies on crinoids (Wachsmuth and Springer, 1897;
Bowsher; 1955; Brower, 1965), or in microcrinoid studies
(Strimple and Koenig, 1956; Lane et al., 1985). Information is
so incomplete and outdated that several relatively abundant
genera identified during this study are not listed from the Lake
Valley Formation in Webster’s (2002) index.

Although examples of all Paleozoic crinoid subclasses are in
the Lake Valley Formation, the camerates are the most abundant
crinoids in both generic richness and in the number of
specimens collected (.95%). Webster’s (2002) index listed
only 14 genera and 25 species of camerates previously reported
in the literature. The camerates identified in this study have

increased the number to 32 genera and 63 species, or increases
of 129 percent and 152 percent, respectively. The number of
species described herein is much closer to the number that Kues
(1986) reported (61 species), although he did not list the known
species nor did he specify their distribution within the different
crinoid subclasses. Kues (2008) mentioned that more than 100
species of crinoids have been reported from the Lake Valley
Formation, but only a third have been described and illustrated.
This study is restricted to the Nunn Member of the Lake Valley
Formation. Crinoids occur in all six members, but the Nunn
Member holds the classic crinoid fauna (Laudon and Bowsher,
1949), representing the overwhelming majority of known
specimens. Non-camerates are minor and include, among others,
typical Osagean genera such as the disparid Synbathocrinus, the
cladids Cyathocrinites, Barycrinus, and Coeliocrinus, and the
flexible Onychocrinus. Systematic treatment of non-camerates
is beyond the scope of the present study.

STUDY AREA AND STRATIGRAPHY

The study area is located on either side of the Rio Grande Rift
in southern New Mexico, near Lake Valley in the western Black
Range and Alamogordo in the eastern Sacramento Mountains
(Fig. 1). Most of the collecting was done in the western part of
the formation where the Nunn Member is thickest. Detailed
information on localities is given in online Supplemental files 1
and 2 (access information reported below).

The Nunn Member is a highly fossiliferous, soft, blue-gray to
greenish-gray nodular packstone to wackestone interbedded
with shales and argillaceous limestones (Laudon and Bowsher,
1949; Kues, 1986). The exposures are best in the western extent
of the Lake Valley Formation, becoming as thick as 60 m near
Santa Rita (Kues, 1986). In the Sacramento Mountains, the
Nunn is thickest in the north (3 m; Laudon and Bowsher, 1949),
thinning southward until it eventually disappears (Lane, 1984).
The difference in thickness is due to a change in paleogeo-
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graphic setting. The Nunn Member in the Sacramento
Mountains represents biohermal flank beds on the Waulsortian
Mounds and was deposited in deeper water along the shelf break
(Brezinski, 2000). In the Black Range, the Nunn Member was
deposited as a level bottom facies in a shelf environment.

Conodont biostratigraphy allows correlation of the Lake
Valley Formation to the Mississippian stratotype region in Iowa,
Illinois, and Missouri. Lane (1974) divided the Mississippian
strata of New Mexico into 11 faunal units based on conodonts,
which correlated the Nunn Member with the Fern Glen
Formation and the lower part of the Burlington Limestone
(Lane and Brenckle, 2005). The Nunn Member lies within the
typicus zone of Lane et al. (1980) and within the Gnathodus
typicus–Siphonodella isosticha zone of Davydov et al. (2012).

FAUNAL ANALYSIS

One goal of this study was to determine if there were any
geographic differences in the distribution of crinoid genera in
the Nunn Member. The crinoids to the east are associated with
deeper-water Waulsortian mounds. These mounds grew on the
outer ramp, below wave base (Jeffery and Stanton, 1996). The
crinoids to the west lived in a shallower shelf environment
(Brezinski, 2000) similar to the Burlington Shelf. Environmental
differences might have caused differences in crinoid distribu-
tion.

The localities were divided based on the information provided
by Macurda and Laudon on their specimen labels and grouped
so that localities in close proximity were combined for analysis.
By doing this, the number of localities was reduced to 18 as
opposed to 54 (Macurda’s 45 localities and nine Laudon
localities). These 18 localities account for 98 percent of the
camerates studied. The other 2 percent have no locality
information (beyond recording them from the Lake Valley
Formation) or were found in the San Andres Mountains, which
are currently difficult to access because they lie in the White
Sands Missile Range. Specimens from San Andres Mountains
account for only 0.2 percent of the total amount.

Most of the localities (15) are in the western portion of the
field area. All localities in Sierra County are technically part of
the Black Range, but specific place names are given where
possible. Locality names are based on the Macurda or Laudon
labels, but not all localities were given a site name. The two

collecting localities that generated the largest number of
specimens (M-15 and M-17) were not given a location name
and, thus, remain as occuring in the Black Range. The
unlocalized Black Range localities are between the P A
Mountain localities and the Tierra Blanca Mountain localities
(Fig. 1).

Several specimens from Laudon’s collection were collected at
Pryor Nunn Ranch, now known as Tierra Blanca Ranch. The
ranch is located on Tierra Blanca Mountain; therefore, all of
those specimens are given the locality name of Tierra Blanca
Mountain to prevent confusion for any future ranch name
changes. Cook Range is located south of the Black Range in
Luna County.

The location of Laudon’s Wittenburg Ranch Windmill
Section is unknown. There are no geographic coordinates on
the labels, so it is unclear as to its location. An internet search
placed a Wittenburg Ranch near Separ, New Mexico in Grant
County (~150 km west of Las Cruces); and according to Laudon
and Bowsher (1949), the Lake Valley Formation does outcrop in
that area. Therefore, Wittenburg Ranch has very tentatively
been placed outside Separ. To complicate matters further, some
specimen labels indicate that the Windmill Section is part of the
Pryor Nunn Ranch localities. Although the exact location of
Laudon’s Wittenburg Ranch locality is unknown, it is certainly
in the western portion of the study area.

The localities listed from Indian Wells Canyon, Marble
Canyon, and Grapevine Canyon are in the eastern outcrops of
the formation (Fig. 1).

Presence-absence data were used with the Jaccard Coefficient
for Non-Metric Multidimensional Scaling (MDS) ordination of
localities based on both genus and species occurrences, using
PAST software (Hammer et al., 2001) to compare the two
regions of the study area. Both analyses separated the eastern
localities from the western localities, which suggests that there
was a difference, even if slight, between the crinoid faunas in
the shallower versus deeper waters of the Lake Valley
Formation, but overall the ordination results were insufficiently
robust to include in this study.

The crinoids that make up the Nunn Member have a presence
elsewhere in Mississippian formations of North America (Table
1). Using Webster’s Index (2002) to determine where the

FIGURE 1.—Map showing grouped localities of the Black Range and Sacramento Mountains (14–16). 1–13, Black Range: 1, Apache Hill, type section; 2,
Wilson Ranch; 3, North Hollow Creek; 4, Zero-Bar-Zero Canyon; 5, P A Mountain; 6, Berenda Canyon; 7, Black Range undefined; 8, Tierra Blanca Mountain;
9, Rock Springs; 10, Trujillo Creek; 11, Percha Creek; 12, Percha Creek Fork; 13, North Percha Creek; 14–16, Sacramento Mountains: 14, Indian Wells Canyon;
15, Marble Canyon; 16, Grapevine Canyon.
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species occur, species similarity between the Lake Valley and
other formations is evident. Twelve species occur in Kinder-

hookian rocks. Three of these (Aacocrinus nododorsatus,
Elegantocrinus annosus, and Oenochoacrinus cortina) have

not previously been known in the Osagean. The Chouteau
Limestone of Missouri shares ten species in common with the

Nunn Member, the third highest similarity after the lower and
upper parts of the Burlington Limestone.

The Osagean rocks have the most similarity with the Nunn
Member, particularly the lower Burlington Limestone. Twenty-

six species occur in both formations. This high similarity may be
due to the similar environments of the Lake Valley Shelf and the

Burlington Shelf (Kues, 1986; Witzke and Bunker, 2002) as
well as the high quality of preservation and collectability of the

crinoids in these formations. The formations that only share a
few species are likely due to poor preservation, such as in the

Anchor Limestone (Webster and Lane, 1987) and the Redwall

Limestone (Brower, 1969); or due to different environments,

such as the Borden Formation, representing a deltaic environ-

ment (Lee et al., 2005). High similarity among Osagean

camerate crinoids suggests open marine circulation between

localities.

SYSTEMATIC PALEONTOLOGY

The majority of materials examined are housed at the

University of Michigan Museum of Paleontology (UMMP).

These include the large collections by B. Macurda (M localities)

and his students from the 1960s and 1970s; specimens from A.

S. Horowitz and J. H. Johnson of Indiana University (IU);

specimens from the Lowell Laudon collection donated by Barry

Kues at the University of New Mexico, plus specimens collected

by Kues; and specimens collected by the authors. All other

specimens are in the Springer Collection of the U.S. National

Museum of Natural History (USNM).

TABLE 1—Distribution of Lake Valley Formation crinoid species of the Nunn Member as they occur elsewhere according to Webster (2003). Kinderhookian
formations include the Choteau Limestone and Compton Limestone in Missouri, the Hampton Formation in Iowa, and the Cuyahoga Formation of Ohio.
Osagean formations include Fern Glenn Limestone in Missouri, Burlington Limestone (separated into lower and upper to distinguish what is equivalent to the
Nunn Member (lower Burlington) and which is younger) in Iowa, lower Warsaw Formation in Illinois, Borden Formation in Kentucky, St. Joe Limestone and
Boone Formation in Arkansas, Redwall Limestone in Arizona, and the Anchor Limestone in Nevada. Three species have only been reported in the Lake
Valley Formation and are represented as such. Five species were specified as only being found in the Burlington Limestone with no indication as to whether it
is the lower or the upper part; these are marked with xx.

Kinderhookian Osagean

Choteau Compton Cuyahoga Hampton Fern Glen L. Burl U. Burl Warsaw Borden Boone St. Joe Redwall Anchor LVF Only

Rhodocrinites tuberculatus X
Cribanocrinus urceolatus X
Aryballocrinus whitei X X X
Aryballocrinus tenuidiscus X
Amphoracrinus rubinus X
Ancalocrinus spinobrachiatus X X
Displodocrinus divergens X X X
Displodocrinus nevadensis X
Aacocrinus nododorsatus X X
Aacocrinus enigmaticus X
Steganocrinus pentagonus X X
Cactocrinus proboscidalis X X
Cactocrinus multibrachiatus X
Cusacrinus sobrinus xx xx
Cusacrinus tenuisculptus X xx xx
Nunnacrinus dalyanus X
Teliocrinus umbrosus X
Physetocrinus copei X
Physetocrinus lobatus X
Abatocrinus aequalis X X
Abatocrinus clypeatus X X
Eretmocrinus corbulis X
Eutrochocrinus christyi X X X X
Eutrochocrinus lovei X
Agaricocrinus bullatus X X X
Agaricocrinus planoconvexus X X X X
Agaricocrinus pyramidatus X
Dichocrinus conus X X X
Strimplecrinus pisum X
Platycrinites burlingtonensis X
Platycrinites illinoisensis xx xx
Platycrinites parvinodus X
Platycrinites pecularius X
Collicrinus shumardi X
Elegantocrinus annosus X
Elegantocrinus canaliculatus X X
Elegantocrinus nodostriatus X X
Elegantocrinus pileiformis X X
Elegantocrinus pocilliformis X
Eucladocrinus pleuroviminus X
Oenochoacrinus limbus X
Oenochoacrinus cortina X
Pleurocrinus quiquenodus xx xx
Plemnocrinus bullatus xx xx
Plemnocrinus homalus X
Plemnocrinus subspinosus X
Counts 10 1 1 1 2 27 16 1 1 1 1 4 6 3
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Due to the large number of specimens examined, only
illustrated specimens and types are listed along with the total
number of specimens. The full list of specimens from each
localitiy is in the online Supplemental file 3.

Occurrence information includes the 18 localities used for the
faunal analysis information as well as formation and state names
for occurrences outside of the Lake Valley Formation (Table 1),
including those listed by Webster (2002).

Terminology and classification of camerate crinoids follows
Ubaghs (1978a, 1978b) and Ausich and Kammer (2008, 2009,
2010) except where noted by subsequent revisors. Diagnoses are
for distinguishing the crinoids found in the Nunn Member from
other Osagean faunas in North America. Only key synonymies
are given for each taxon, including those with illustrations and
the current genus assignment. Webster (2002) contains complete
synonymies.

Class CRINOIDEA Miller, 1821
Subclass CAMERATA Wachsmuth and Springer, 1885

Order DIPLOBATHRIDA Moore and Laudon, 1943
Suborder EUDIPLOBATHRINA Ubaghs, 1953

Superfamily RHODOCRINITACEA Roemer, 1855
Family RHODOCRINITIDAE Roemer, 1855

Genus RHODOCRINITES Miller, 1821

Type species.—Rhodocrinites verus Miller, 1821, by subse-
quent designation (Roemer, 1855).

Diagnosis.—Calyx low globe, sides nearly vertical or diverging
upward, plates typically have stellate ornamentation; base
flattened or concave; basals large; radials commonly smaller
than basals, larger than primibrachials; one fixed secundibrachial,
rarely more, in each ray; interradial areas large, in contact with
tegmen; CD interray wider than others; tegmen flat, composed of
many small plates; anal tube short, eccentric.

RHODOCRINITES TUBERCULATUS (Wachsmuth and Springer, 1897)
Figure 2.1, 2.2

1897 Rhodocrinus tuberculatus WACHSMUTH AND SPRINGER, p.
232, pl. 13, figs. 3, 4.

1943 Rhodocrinites tuberculatus (Wachsmuth and Springer);
BASSLER AND MOODEY, p. 665.

2002 Rhodocrinites tuberculatus (Wachsmuth and Springer);
WEBSTER, p. 1654.

Diagnosis.—Basals smaller than radials; radials large with long
tubercles directed obliquely downward; primibrachials large;
tegmen plates large and irregularly arranged.

Material.—UMMP 74075 and eight more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Black Range undefined, Apache Hill,
and North Hollow Creek, New Mexico.

Remarks.—Rhodocrinites tuberculatus is similar to another
species reported from the Nunn Member, R. barrisi divergens
(Hall, 1861a). The differences between the two species are that R.
tuberculatus has larger radials than basals, and distinct nodes
extend from the radials. The basals are larger and contain the
large nodes in R. barrisi divergens.

Genus CRIBANOCRINUS Kirk, 1944

Type species.—Rhodocrinus wortheni Hall, 1858, by original
designation.

Diagnosis.—Calyx medium globe to bowl shaped, constricted
at arm level; base flattened or depressed; basals and radials large
compared to primibrachials; one or two fixed secundibrachials in
each half ray; interradial areas narrow and constricted at arm
level; CD interray wider than regular interrays; tegmen small,
convex, made up of small plates; anus small, either marginal or
eccentric, may be protuberant.

CRIBANOCRINUS URCEOLATUS (Wachsmuth and Springer, 1897)
Figure 2.3, 2.4

1987 Rhodocrinus wortheni var. urceolatus WACHSMUTH AND

SPRINGER, p. 221, pl. 12, fig. 8a–8b.
1944 Cribanocrinus urceolatus (Wachsmuth and Springer);

KIRK, p. 15.
1978b Cribanocrinus urceolatus (Wachsmuth and Springer);

UBAGHS in Moore and Teichert, p. T425, fig. 233, 3c–
3d.

2002 Cribanocrinus urceolatus (Wachsmuth and Springer);
WEBSTER, p. 656.

Diagnosis.—Calyx wider at base, narrows towards tegmen;
tegmen flat; anus subcentral, not protuberant.

Material.—UMMP 74076 and 175 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Tierra Blanca Mountain, Black Range undefined, Rock
Springs, Apache Hill, between North Percha Creek and Mineral
Creek, North Hollow Creek, Percha Creek Fork, Percha Creek,
and Zero-Bar-Zero Canyon, New Mexico; and Osagean, Mooney
Falls Member of Redwall Limestone, Arizona (Brower, 1969).

Remarks.—Cribanocrinus urceolatus is similar to the type
species C. wortheni but is distinguished by being more globe
shaped than bowl shaped and having a wider tegmen with fewer
plates.

Genus GILBERTSOCRINUS Philips, 1836

Type species.—Gilbertsocrinus calcaratus Phillips, 1836, by
subsequent designation (Bassler, 1938).

Diagnosis.—Calyx low; base depressed; basals and radials
large compared to primibrachials; two fixed secundibrachials in
each half ray; interradial areas depressed and extend into hollow
tubular appendages; CD interray indistinct; tegmen flat, made up
of small plates; anus small, subcentral.

GILBERTSOCRINUS? sp.
Figure 2.5

Material.—UMMP 74077.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber North Percha Creek, New Mexico.
Remarks.—One specimen is questionably assigned to Gilbert-

socrinus. Only a partial tegmen is preserved, but the plates have
the ornamentation and arrangement consistent with Gilbertsocri-
nus. There are also features that may be the bases of the tubular
tegmen appendages for which the genus is known.

Order MONOBATHRIDA Moore and Laudon, 1943
Suborder COMPSOCRININA Ubaghs, 1978b

Superfamily PERIECHOCRINACEA Bronn, 1849
Family PERIECHOCRINIDAE Bronn, 1849
Genus ARYBALLOCRINUS Breimer, 1962

Type species.—Actinocrinus (Megistocrinus) whitei Hall,
1861a, by original designation.

Diagnosis.—Calyx low to medium bowl, with thin plates;
radials high; primibrachials, two, first about half size of radial and
hexagonal, second smaller than first, pentagonal and axillary;
median ray ridges present in some species; one or two
secundibrachials fixed in calyx; interbrachials 1–3 in regular
interray with three ranges, not depressed; CD interray very wide;
tegmen low; anus eccentric.

ARYBALLOCRINUS WHITEI (Hall, 1861a)
Figure 2.8, 2.9

1861a Actinocrinus (Megistocrinus) whitei HALL, p. 271
(part).
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1873 Megistocrinus (Saccocrinus) whitei (Hall); MEEK AND

WORTHEN, p. 397, pl. 6, fig. 1.
1962 Aryballocrinus whitei (Hall); BREIMER, p. 72.
1978b Aryballocrinus whitei (Hall); UBAGHS in Moore and

Teichert, p. T443, fig. 252, no. 1.
2002 Aryballocrinus whitei (Hall); WEBSTER, p. 454.

Diagnosis.—Calyx plates smooth without ridges along bra-
chials.

Material.—UMMP 74078 (x1) and 72 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Black Range undefined, Rock Springs,
Tierra Blanca Mountain, Percha Creek, North Percha Creek, and
Wittenberg Ranch Windmill Section, New Mexico; Kinder-
hookian Hampton Formation, Iowa; and Osagean lower and upper
Burlington Limestone, Iowa.

Remarks.—The specimens of Aryballocrinus whitei are iden-
tical to those illustrated from the Burlington Limestone. This
species is characterized by its lack of ornamentation and having
smooth calyx plates whereas other members of the genus have
some form of ridge across the plates.

ARYBALLOCRINUS TENUIDISCUS (Hall, 1861b)
Figure 2.6, 2.7

1861b Actinocrinus? tenuidiscus HALL, p. 14.
1897 Periechocrinus tenuidiscus (Hall); WACHSMUTH AND

SPRINGER, p. 520, pl. 46, fig. 4, pl. 51, fig. 6.
1962 Aryballocrinus tenuidiscus (Hall); BREIMER, p. 73.
2002 Aryballocrinus tenuidiscus (Hall); WEBSTER, p. 453.

Diagnosis.—Calyx plates ornamented with ill-defined ridges;
ridges along brachials more prominent.

Material.—UMMP 74079 and one more specimen.

Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-
ber Apache Hill and Rock Springs, New Mexico; and Osagean,
lower Burlington Limestone, Iowa.

Remarks.—Aryballocrinus tenuidiscus is very similar to the
Kinderhookian A. sampsoni (Miller and Gurley, 1896a) but has a
different plate arrangement in the CD interray. Aryballocrinus

tenuidiscus has three plates overlying the primanal, followed by
two rows of five plates, whereas A. sampsoni has three plates
following the primanal with five plates above that, but the outer
plates of the third range extend up to the tegmen with several (up
to ten) smaller plates between them.

Family AMPHORACRINIDAE Bather, 1899

Genus AMPHORACRINUS Austin, 1848

Type species.—Actinocrinus gilbertsoni Miller in Phillips,
1836, by subsequent designation (Roemer, 1855).

Diagnosis.—Calyx low cone to low bowl, plates have granular
ornamentation; strong calyx lobation; basal circlet low, visible in
lateral view; one or two fixed secundibrachials proximal to arm
lobe, none in arm lobe; primanal followed by two or three plates;
tegmen higher than calyx, medium to high inverted bowl in shape,
lobed; five large orals, four forming semicircle around CD oral;
anal tube eccentric, oriented obliquely upward; no long distal
tegmen spines, but short spines ranging to nodes may exist.

FIGURE 2.—Rhodocrinitidae (diplobathrid) and Periechocrinidae (monobathrid): 1, 2, Rhodocrinites tuberculatus (Wachsmuth and Spinter 1897), UMMP
74075, 33.0: 1, A-ray lateral view; 2, CD interray lateral view; 3, 4, Cribanocrinus urceolatus (Wachsmuth and Springer, 1897), UMMP74076, 33.0: 3, A-ray
lateral view; 4, CD interray lateral view; 5, Gilbertsocrinus sp., UMMP 74077, tegmen view, 31.5; 6, 7, Aryballocrinus tenuidiscus (Hall, 1861), UMMP 74079,
31.0: 6, A-ray lateral view; 7, CD interray lateral view; 8, 9, Aryballocrinus whitei (Hall, 1861), UMMP 74078,31.0: 8, A-ray lateral view; 9, CD interray lateral
view.
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AMPHORACRINUS RUPINUS Webster and Lane, 1987
Figure 3.1, 3.2

1987 Amphoracrinus rupinus WEBSTER AND LANE, p. 10, figs.
5, 3–7.

2002 Amphoracrinus rupinus Webster and Lane; WEBSTER, p.
406.

2008 Amphoracrinus rupinus Webster and Lane; AUSICH AND

KAMMER, p. 1142.

Diagnosis.—Calyx low bowl; primanal followed by three
plates.

Material.—UMMP 74082 and seven more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range, Rock Springs, and Tierra Blanca Mountain,
New Mexico; and Osagean, Anchor Limestone, Nevada.

Remarks.—The specimens examined are in varying states of
preservation, with most lacking tegmens. However, there are
enough characteristics to assign these specimens confidently to
this species.

Genus ANCALOCRINUS Webster and Lane, 1987

Type species.—Actinocrinus spinobrachiatus Hall, 1859, by
original designation.

Diagnosis.—As for species.

ANCALOCRINUS SPINOBRACHIATUS (HALL, 1859)
Figure 3.3, 3.4

1859 Actinocrinus spinobrachiatus HALL, p. 6, fig. 6.
1868 Actinocrinus spinobrachiatus Hall; SHUMARD, p. 348.
1873 Amphoracrinus? spinobrachiatus (Hall); MEEK AND WORTH-

EN, p. 389, pl. 6, fig. 5a–5c.
1897 Amphoracrinus? spinobrachiatus (Hall); WACHSMUTH AND

SPRINGER, p. 591, pl. 62, figs. 1–4.
1987 Ancalocrinus spinobrachiatus (Hall); WEBSTER AND LANE,

p. 17, fig. 7, 11–13.
2002 Ancalocrinus spinobrachiatus (Hall); WEBSTER, p. 409.
2008 Ancalocrinus spinobrachiatus (Hall); AUSICH AND KAM-

MER, p. 1144, fig. 2, 1–3, 5, 6.

Diagnosis.—Calyx flat cone, distinctly lobed; basal circlet low,
not visible in lateral view; one fixed secundibrachial in calyx;
primanal followed by two plates; tegmen much higher than calyx,
low to medium bowl in shape, not lobed; five large orals, four
forming semicircle around CD oral; anal tube eccentric, oriented
obliquely upward; long distal tegmen spines.

Material.—UMMP 74083 (x1) and 95 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Tierra Blanca Mountain, Black Range, Rock Springs, Apache
Hill, between North Percha Creek and Mineral Cree, North
Hollow Creek, Percha Creek Fork, and Cooks Range, New
Mexico; Osagean, lower Burlington Limestone, Iowa; and
Osagean, Anchor Limestone, Nevada.

Remarks.—Ancalocrinus spinobrachiatus has been described
from locations both east and west of the Lake Valley Formation,
in the Burlington Limestone and Anchor Limestone repectively.
Its occurrence in the Nunn Member fills in a geographic gap
between the aforementioned formations.

ANCALOCRINUS sp.
Figure 3.5, 3.6

Material.—UMMP 74084 (x1).
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill.
Remarks.—This specimen does not have a complete tegmen,

making a full comparison to Ancalocrinus spinobrachiatus
impossible, but it differs by having the basals visible in side
view. This may be a variation of A. spinobrachiatus.

Genus DISPLODOCRINUS Webster and Lane, 1987

Type species.—Actinocrinus divergens Hall, 1859, by original
designation.

Diagnosis.—Calyx flat cone to flat bowl, strongly lobate; basal
circlet flat, not visible in lateral view; fixed secundibrachial in
arm lobe, none in calyx; primanal followed by three plates;
tegmen higher than calyx, high cone to high inverted bowl in
shape, not lobed; five large orals, four spinose orals forming
semicircle around CD oral; anal tube eccentric, oriented obliquely
upward; long distal tegmen spines.

DISPLODOCRINUS DIVERGENS (HALL, 1859)
Figure 3.7, 3.8

1859 Actinocrinus divergens HALL, p. 36.
1868a Amphoracrinus divergens (Hall); MEEK AND WORTHEN,

p. 348.
1873 Amphoracrinus divergens (Hall); MEEK AND WORTHEN, p.

388, pl. 6, fig. 6.
1897 Amphoracrinus divergens (Hall); WACHSMUTH AND SPRING-

ER, p. 588, pl. 62, figs. 5–10.
1943 Amphoracrinus divergens (Hall); MOORE AND LAUDON,

p. 139, pl. 10, fig. 13.
1987 Dispolodocrinus divergens (Hall); WEBSTER AND LANE,

p. 25.
2002 Dispolodocrinus divergens (Hall); WEBSTER, p. 838.
2008 Dispolodocrinus divergens (Hall); Ausich and Kammer,

p. 1146, fig. 3.1–3.7.

Diagnosis.—Calyx flat bowl; basals not visible in lateral view.
Material.—UMMP 74085 (x1) and 41 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, Tierra Blanca
Mountain, Black Range, Rock Springs, between North Percha
Creek and Mineral Creek, Apache Hill, and Wittenberg Ranch
Windmill Section, New Mexico; Osagean, lower Burlington
Limestone, Iowa; Osagean, Anchor Limestone, Nevada; and
Kinderhookian, Cuyahoga Formation, Ohio.

Remarks.—Displodocrinus divergens is different from the
other two species of the genus, D. nevadensis (Webster and
Lane, 1987) and D. monticulus Webster and Lane, 1987 by
having a basal circlet that is not visible in lateral view. The basal
circlet of D. divergens is flat and not projecting outward.

DISPLODOCRINUS NEVADENSIS (Webster and Lane, 1987)
Figure 3.9, 3.10

1987 Sunwaptacrinus nevadensis WEBSTER AND LANE, p. 22,
fig. 7, 1–5.

2002 Sunwaptacrinus nevadensis Webster and Lane; WEB-

STER, p. 1759.
2008 Displodocrinus nevadensis (Webster and Lane); AUSICH

AND KAMMER, p. 1146.

Diagnosis.—Calyx low bowl; basals visible in lateral view
Material.—UMMP 74086.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range, New Mexico; and Osagean, Anchor Limestone,
Nevada.

Remarks.—Displodocrinus nevadensis is similar to D. montic-
ulus in that both have a low bowl-shaped calyx with basals visible
in lateral view. However, the radials and primibrachials of D.
nevadensis are much wider relative to their height than those of
D. monticulus.

Family ACTINOCRINITIDAE Austin and Austin, 1842
Subfamily ACTINOCRINITINAE Austin and Austin, 1842

Genus AACOCRINUS Bowsher, 1955
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Type species.—Aacocrinus nododorsatus Bowsher, 1955, by
original designation.

Diagnosis.—Calyx medium bowl to medium cone; basal circlet
low; radial circlet high; one or two fixed secundibrachials; arms
grouped; arm lobes short, extend laterally; interrays in contact
with tegmen; no fixed interradials between half-rays; tegmen low
arched, lower than calyx; anal tube eccentric; few, large tegmen
plates; no tegmen spines; interradial regions of tegmen not
depressed.

AACOCRINUS NODODORSATUS Bowsher, 1955
Figure 4.1, 4.2

1955 Aacocrinus nododorsatus BOWSHER, p. 5, pl. 1, figs. 2, 3;
figs. 1, 2.

1967 Aacocrinus nododorsatus Bowsher; BROWER, p. 685, pl.
76, figs. 12, 15, 16; figs. 1A, 1D, 3A.

1978a Aacocrinus nododorsatus Bowsher; UBAGHS in Moore
and Teichert, p. T169, fig. 140, 4.

1978 Aacocrinus nododorsatus Bowsher; BOWSHER in Moore
and Teichert, T455, fig. 262, 1.

2002 Aacocrinus nododorsatus Bowsher; WEBSTER, p. 280.

Diagnosis.—Calyx cone-shaped; two arm facets to each ray;
interradial areas wide; tegmen plates few, large, nodose.

Material.—UMMP 74087.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill, New Mexico; Kinderhookian, Chouteau
Limestone, Missouri; and Kinderhookian, Compton Limestone,
Missouri.

Remarks.—Previously this species was known only from the
Kinderhookian. However, the description of Aacocrinus nodo-
dorsatus best fits one of the specimens of Aacocrinus from the
Nunn Member.

AACOCRINUS ENIGMATICUS Webster and Lane, 1987

Figure 4.3, 4.4

1987 Aacocrinus enigmaticus WEBSTER AND LANE, p. 15, fig.

5, 12–16.

2002 Aacocrinus enigmaticus Webster and Lane; WEBSTER, p.

279.

FIGURE 3.—Amphoracrinidae. 1, 2, Amphoracrinus rupinus Webster and Lane, 1987, UMMP 74082,31.0: 1, A-ray lateral view; 2, CD interray lateral view; 3,
4, Ancalocrinus spinobrachiatus (Hall, 1859), UMMP 74083, 31.5: 3, A-ray lateral view; 4, CD interray lateral view; 5, 6, Ancalocrinus sp., UMMP 74084,
31.5: 5, A-ray lateral view; 6, CD interray lateral view; 7, 8 Displodocrinus divergens (Hall, 1859), UMMP 74085, 31.5: 7, CD interray lateral view; 8, A-ray
lateral view; 9, 10, Displodocrinus nevadensis (Webster and Lane, 1987), UMMP 74086, 31.0: 9, CD interray lateral view; 10, A-ray lateral view.

FIGURE 4.—Actinocrinitidae, subfamily Actinocrinitinae. 1, 2, Aacocrinus nododorsatus Bowsher, 1955, UMMP 74087, 31.0: 1, A-ray lateral view; 2, CD
interray lateral view; 3, 4, Aacocrinus enigmaticus Webster and Lane, 1987, UMMP74088, 31.0: 3, A-ray lateral view; 4, CD interray lateral view; 5, 6,
Blairocrinus macurdai n. sp., UMMP 74066, 31.0: 5, A-ray lateral view; 6, CD interray lateral view; 7, 8 Iotacrinus novamexicanus n. sp., UMMP 74068, 31.5:
7, A-ray lateral view; 8, CD interray lateral view; 9, 10, Steganocrinus pentagonus (Hall, 1858), UMMP 74089, 31.0: 9, CD interray lateral view; 10, A-ray
lateral view.
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Diagnosis.—Calyx bowl shaped; two arm facets to each ray;
interradial areas not wide; tegmen plates many, small to medium,
nodose.

Material.—UMMP 74088 (x1) and IU 10565 (x1).
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill, New Mexico; and Osagean, Anchor Limestone,
Nevada.

Remarks.—Although Aacocrinus typically has large plates on
the tegmen and A. enigmaticus has tegmen plates that are small to
medium in size, the remainder of the characters agree with the
genus. Webster and Lane (1987, p. 15) discussed the differences
between this species and the rest of the genus and why they
placed this species in this genus.

Genus BLAIROCRINUS Miller, 1891

Type species.—Blairocrinus trijugis Miller, 1891b, by original
designation.

Diagnosis.—Calyx low cone; basals low, form flattened disc;
one fixed secundibrachial; arms grouped; arm lobes short, extend
laterally; interrays in contact with tegmen; no fixed interradials
between half rays; tegmen higher than calyx; anal tube central;
tegmen commonly composed of few large plates; proximal
tegmen spines; interradial regions of tegmen not depressed.

BLAIROCRINUS MACURDAI new species
Figure 4.5, 4.6

Diagnosis.—Arm lobes not protuberant; many medium-sized
tegmen plates; tegmen plates spinose to nodose.

Description.—Calyx small, low bowl. Arms moderately
grouped. Calyx plates with multiple radiating ridges. Basal circlet

11 percent of calyx height. Basals small, three, equal in size.
Radial circlet 40 percent of calyx height. Radials hexagonal,
wider than high. Tegmen higher than calyx; conical. Tegmen
composed of many medium to small spinose to nodose plates.
Anal tube central to eccentric. Primanal hexagonal, smaller than
radials, followed by 2,3,2,2 plates. Interrays in contact with
tegmen. First interradial hexagonal, followed by two plates. First
primibrachial hexagonal, wider than high. Second primibrachial
axillary, supporting two arm facets each.

Etymology.—In recognition of Dr. Brad Macurda who
collected most of the studied specimens during the 1960s and
1970s.

Types.—Holotype, UMMP 74065; paratypes, UMMP 74066,
UMMP 74067, and 13 more specimens.

Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-
ber Indian Wells Canyon, Black Range undefined, Rock Springs,
Apache Hill, North Hollow Creek, Tierra Blanca Mountain,
Percha Creek, Percha Creek Fork, and Wilson’s Ranch, New
Mexico.

Remarks.—Blairocrinus macurdai n. sp. is most similar to B.
arrosus Miller, 1892 (Table 3), however, the arm rays are not as
protuberant as they are in B. arrosus. The ratio is determined by
taking the measurements from center of the calyx to the edge of
the interbrachial depression and from the center of the calyx to
the edge of the ray. For B. macurdai this ratio is from 1.05 to 1.30
whereas in B. arrosus the ratio is 1.26 to 1.30 (Fig. 5).
Blairocrinus arrosus has a much more constrained range than
B. macurdai. There is only slight overlap between the two
species, with B. macurdai generally having lower ratios and,
therefore, having less protuberant arm rays.

TABLE 2—Measurements of Blairocrinus macurdai n. sp., Iotacrinus novamexicanus n. sp., Uperocrinus kuesi n. sp., Agaricocrinus alamogordoensis n. sp., and
Collicrinus laudoni n. sp. (in mm); holotypes indicated by asterisk.

Crown Aboral Cup Calyx (A–CD)
Basal Radial Primanal

H H W H W H W H W

B. macurdai

UMMP 74065* 21.2 6.8 20.4 2.2 2.8 3.1 3.8 2.8 3.8
UMMP 74066 17.7 5.3 20 – – – – – –
UMMP 74067 12.5 3.2 13.5 1 3.1 1.5 2.5 1.8 1.6

I. novamexicanus

UMMP 74068* 15.5 5.7 14.3 1 3.8 2.8 3.7 2.2 2.7
UMMP 74069 16.8 7.1 16.7 1.4 4 2.5 4.2 2.6 2.6
UMMP 74070 17.2 6.5 14.6 1.4 3.5 3.2 4 2.5 3

U. kuesi

UMMP 74071* 29.4 14.8 28 4.5 9 5.7 8.2 8.6 7.1

A. alamogordoensis

UMMP 74072* 17.5 6.1 15.7 2 4 3.2 4.8 3.9 3.4

C. laudoni

UMMP 74073* 12.1 7 14.9 3.9 6.5 7.5 7.8 – –

TABLE 3—Comparison of diagnostic characters of Blairocrinus macurdai n. sp. with other known species of the genus.

B. trijugis B. arrosus B. protubertus B. macurdai

Calyx low bowl low bowl low cone low bowl
Basals small, form flat horizontal disk small, project slightly from

column
small, barely visible in lateral

view
small, visible in lateral view

Radials large, nearly as wide as long;
stellate

little wider than long; has
transverse nodes

large; elongate nodes wider than high; stellate

Primibrachials 1st quadrangular wider than
long; 2nd larger than 1st

1st quadrangular, wider than
long; 2nd axillary, larger than
first

1st pentagonal or hexagonal;
2nd axillary, same size as
first

1st hexagonal, wider than high;
2nd axillary, same size as
first

Secundibrachials one per half-ray one per half-ray one per half-ray one per half-ray
Anals Primanal smaller than radials;

1;2;2;2. Anal tube central,
stout

Primanal as large as radials;
1;2;2. Anal tube central, stout

Primanal same size as radials;
1;2;3;3. Anal tube slightly
eccentric, narrow

Primanal smaller than radial;
1;2;3;2;2. Anal tube central to
slightly eccentric, stout

Tegmen low inverted bowl; large spines
on ambulacral plates, rest
smooth

low to medium inverted bowl;
plates nodose to spinose

flat or very low cone; plates low
spines or smooth

medium cone; plates spinose to
nodose
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Genus IOTACRINUS Ausich and Sevastopulo, 2001

Type species.—Actinocrinus dorsatus de Koninck and LeHon,
1854, by original designation.

Diagnosis.—Calyx low bowl; basals low; one fixed secundi-
brachial; arms grouped; arm lobes medium in length, extend
laterally; interrays in contact with tegmen; no fixed interradials
between half-rays; calyx as high or higher than tegmen; anal tube
eccentric; many medium-size tegmen plates; no tegmen spines;
interradial regions of tegmen not depressed.

Remarks.—The occurrence of Iotacrinus in the Lake Valley
Formation is the first recorded finding of Iotacrinus in North
America. Other members of this genus are known only from
Western Europe.

IOTACRINUS NOVAMEXICANUS new species
Figure 4.7, 4.8

Diagnosis.—Calyx low to medium bowl; tegmen as high or
slightly higher than calyx.

Description.—Calyx small, low bowl. Arms strongly grouped,
extended into short arm lobes. Calyx plates with multiple
radiating ridges. Basals small, three, equal in size. Basal circlet
accounts for 10 percent of calyx height. Radial circlet is 35
percent of calyx height. Radials hexagonal, wider than high.
Tegmen as high or slightly higher than calyx, lobed, inflated.
Tegmen plates are numerous, medium in size, smooth to slightly
nodose. Anal tube eccentric. Primanal hexagonal, slightly
narrower than radials, followed by 2–3 plate formula. Interrays
in contact with tegmen. First interradial hexagonal, followed by
two plates. First primibrachial hexagonal, wider than high.
Second primibrachial axillary, supporting one arm facet each.
Arms and column not known.

Etymology.—The trivial name recognizes the state of New
Mexico.

Types.—Holotype, UMMP 74068; paratypes, UMMP 74069,
UMMP 74070, and five more specimens.

Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, Apache Hill, and Percha Creek, New
Mexico.

Remarks.—Iotacrinus novamexicanus shares characters of both
actinocrinitids and amphoracrinids. The calyx is undoubtedly of
the actinocrinitid family based on shape, plates, and ornamenta-
tion, but the tegmen more closely resembles Amphoracrinus than
any other known North American actinocrinitid. Iotacrinus
novamexicanus somewhat resembles the type species I. dorsatus
(Table 4), but the tegmen is much higher and more distinctly
lobed, like the tegmens of Amphoracrinus.

One specimen (UMMP 74070) has a higher calyx that is more
conical than bowl shaped, but the other features remain constant
to the species. Therefore, this specimen is considered to be a
variation and not a separate species.

Genus STEGANOCRINUS Meek and Worthen, 1866a

Type species.—Actinocrinus pentagonus Hall, 1858, by
original designation.

Diagnosis.—Calyx medium cone; basal circlet low or high;
radials high; primibrachial highest fixed brachial; arms grouped;
interrays in contact with tegmen; fixed interbrachials between
half rays; tegmen flat to low arched to same height as calyx,
composed of few, large plates; anal tube eccentric.

STEGANOCRINUS PENTAGONUS (Hall, 1858)
Figure 4.9, 4.10

1858 Actinocrinus pentagonus HALL, p. 577, pl. 10, fig. 6a,
6b.

1860 Actinocrinus araneolus MEEK AND WORTHEN, p. 387.
1866a Steganocrinus araneolus (Meek and Worthen); MEEK

AND WORTHEN, p. 198, pl. 15, fig. 1a, 1b.
1866b Steganocrinus pentagonus (Hall); Meek and WORTHEN,

1866b, p. 254.
1868b Steganocrinus pentagonus (Hall); MEEK AND WORTHEN,

p. 474, pl. 16, fig. 8.
1897 Steganocrinus pentagonus (Hall); WACHSMUTH AND

SPRINGER, p. 579, pl. 4, fig. 12, pl. 61, figs. 3a–4b.
1943 Steganocrinus pentagonus (Hall); MOORE AND LAUDON,

p. 139, pl. 10, fig. 12.
1965 Steganocrinus pentagonus (Hall); BROWER, p. 776, pl.

91, figs. 1–15; pl. 92, figs. 1–37; fig. 1.
1978a Steganocrinus pentagonus (Hall); UBAGHS in Moore

and Teichert, p. T144, T179, T194, fig. 116, 3; fig.
151, 5; fig. 164, 3.

1978 Steganocrinus pentagonus (Hall); BOWSHER in Moore
and Teichert, p. T455, fig. 263, 4.

2002 Steganocrinus pentagonus (Hall); WEBSTER, p. 1728.

Diagnosis.—Calyx medium cone, constricted above basals;
plates strongly to weakly stellate, nodose or weakly tumid; basal
circlet high; tegmen low arched.

Material.—UMMP 74089 and 1356 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, San Andres Canyon,
Trujillo Creek, Black Range undefined, Tierra Blanca Mountain,

FIGURE 5.—Chart showing the ratio differences between the protuberance of
arm rays between Blairocrinus arrosus and B. macurdai n. sp.

TABLE 4—Comparison of diagnostic characters of Iotacrinus novamexicana n. sp. with other known species of the genus.

I. dorsatus I. novamexicanus

Calyx low bowl low bowl
Basals small, visible in lateral view small, visible in lateral view
Radials hexagonal or heptagonal, wider than high; stellate hexagonal, wider than high; stellate
Primibrachials 1st wider than high; 2nd axillary, smaller than 1st 1st hexagonal, wider than high; 2nd axillary, slighty smaller than 1st
Secundibrachials one per half-ray one per half-ray
Anals Primanal narrower than radials; 1;2;3 or 1;2;3;2.

Anal tube eccentric, long
Primanal narrower than radials; 1;2;3. Anal tube eccentric, stout

Tegmen flat to low bowl; approximately as high as calyx; plates nodose medium to low inverted bowl; as high as or slightly higher than
calyx; plates smooth to slightly nodose
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Rock Springs, Apache Hill, between North Percha Creek and
Mineral Creek, Percha Creek Fork, Percha Creek, North Percha
Creek, Zero-Bar-Zero Canyon, Wittenberg Ranch Windmill
Section, and Cooks Range, New Mexico; Osagean, lower
Burlington Limestone, Iowa; and Osagean, Fern Glen Limestone,
Missouri.

Remarks.—Steganocrinus pentagonus is the most abundant
crinoid in the Nunn Member. The numerous specimens have the
full range of variation within the species. Most of the specimens
are undoubtedly S. pentagonus, but there are a handful of
specimens that fall into the range of two other species: S. altus
Brower, 1965 and S. longus Brower, 1965.

Brower (1965) stated that Steganocrinus altus is distinguished
from S. pentagonus by having a more conical calyx, but all other
features of S. altus are the same as S. pentagonus. The illustration
of the paratype for S. altus (Brower, 1965, pl. 93, fig. 7) is
identical to an illustrated S. pentagonus (Brower, 1965, pl. 92, fig.
29). Similarly, S. longus differs in shape of the calyx from S.
pentagonus. The calyx of S. longus is more box-like and less
cone-shaped than S. pentagonus. Brower (1965) stated that S.
longus also has calyx plates that are highly tumid as well as high
ambulacral tracts. These two characteristics occur in S. pentago-
nus as well. It is possible that these two species are variations
within the total range of S. pentagonus, but until further studies
can be done, they will remain as separate species.

SUBFAMILY CACTOCRINIAE Ubaghs, 1978b
Genus CACTOCRINUS Wachsmuth and Springer, 1897

Type species.—Actinocrinus proboscidialis Hall, 1858, by
original designation.

Diagnosis.—Calyx medium cone; basal circlet low; radials
low; one fixed secundibrachial; arms not grouped; arm lobes

absent; four to eight arms in each ray; interrays not in contact
with tegmen; fixed interradials between half-rays present; tegmen
and calyx approximately same height; anal tube central.

CACTOCRINUS PROBOSCIDIALIS (Hall, 1858)
Figure 6.1, 6.2

1858 Actinocrinus proboscidialis HALL, p. 584, pl. 10, fig. 13.
1897 Cactocrinus proboscidialis (Hall); WACHSMUTH AND

SPRINGER, p. 601, pl. 5, fig. 10; pl. 58, figs. 3–7d.
1944 Cactocrinus proboscidialis (Hall); MOORE AND LAUDON,

p. 191, pl. 77, fig. 3.
1978a Cactocrinus proboscidialis (Hall); UBAGHS in Moore

and Teichert, p. T154, T179, fig. 127, 1, fig. 152, 2.
1978b Cactocrinus proboscidialis (Hall); BOWSHER in Moore

and Teichert, p. T458, fig. 266, 1a, 1b.
2002 Cactocrinus proboscidialis (Hall); WEBSTER, p. 533.

Diagnosis.—Radials wider than long; first primibrachials
larger than second; tegmen conical; tegmen about as high as
calyx, plates large, spinous or nodose, separated by smaller,
convex plates.

Material.—UMMP 74090 and seven more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, Tierra Blanca
Mountain, Black Range undefined, and Wittenberg Ranch
Windmill Section, New Mexico; Kinderhookian, Chouteau
Limestone, Missouri; and Osagean, lower Burlington Limestone,
Iowa.

Remarks.—The specimens of Cactocrinus proboscidialis in the
Nunn Member closely resemble those illustrated from the
Burlington Limestone. Calyx plates have variation in ornamen-
tation, ranging from being only slightly nodose to having distinct

FIGURE 6.—Actinocrinitidae, subfamily Cactocrininae. 1, 2, Cactocrinus proboscidalis (Hall, 1858), UMMP 74090, 31.0: 1, A-ray lateral view; 2, CD interray
lateral view; 3, 4, Cactocrinus multibrachiatus (Hall, 1858), UMMP 74091, 31.0: 3, A-ray lateral view; 4, CD interray lateral view; 5, 6, Cusacrinus sobrinus
(Miller and Gurley, 1896), UMMP 74092, 31.0: 5, A-ray lateral view; 6, CD interray lateral view; 7, 8 Cusacrinus tenuisculptus (McChesney, 1861), UMMP
74093, 31.5: 7, A-ray lateral view; 8, CD interray lateral view; 9, 10, Nunnacrinus dalyanus (Miller, 1881), UMMP 74074, 31.0: 9, A-ray lateral view; 10, CD
interray lateral view.
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stellate ornamentation. The C. proboscidialis specimens from the

Nunn Member fall between these two extremes.

CACTOCRINUS MULTIBRACHIATUS (HALL, 1858)

FIGURE 6.3, 6.4

1858 Actinocrinus multibrachiatus HALL, p. 580, pl. 10, fig.

10; fig. 85.

1897 Cactocrinus multibrachiatus (Hall); WACHSMUTH AND

SPRINGER, p. 617, pl. 56, figs. 6, 7, pl. 58, fig. 8.

1943 Cactocrinus multibrachiatus (Hall); MOORE AND LAU-

DON, p. 140, pl. 11, fig. 1.

1978 Cactocrinus multibrachiatus (Hall); BOWSHER in Moore

and Teichert, p. T458, fig. 266, 1c.

2002 Cactocrinus multibrachiatus (Hall); WEBSTER, p. 537.

Diagnosis.—Radials nearly as high as wide; second primibra-

chials larger than first; tegmen depressed conical; tegmen lower

than calyx, plates largest near anal tube smallest near arm bases;
nodose.

Material.—UMMP 74091.

Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-
ber Indian Wells Canyon, New Mexico; and Osagean, lower
Burlington Limestone, Iowa.

Remarks.—Although the tegmen is not complete on this
specimen, it is evident from the angle of what is preserved that
it is much lower than the calyx.

Genus CUSACRINUS Wachsmuth and Springer, 1897

Type species.—Actinocrinus nodobrachiatus Wachsmuth and
Springer in Miller, 1889, by original designation.

Diagnosis.—Calyx steeply conical; basal circlet low; radials
high; one fixed secundibrachial; arms weakly grouped; arm lobes
absent; primanal slightly smaller than radials; interrays in contact
with tegmen; fixed interradials between half-rays present; tegmen

FIGURE 7.—Plots showing the interradial plate number that separates the rays on the 61 Nunnacrinus specimens (N. dalyanus n¼23; N. mammillatus n¼38)
found in the Springer Room of the Smithsonian. Brower (1955) reported that N. dalyanus has one interradial plate between rays and N. mammillatus has two.
Examination of the interradial plates shows that there is no set pattern and that most specimens have both single and double plates between rays and therefore
making N. mammillatus a junior synonym of N. dalyanus. Zero plates in the interray indicate that those interrays were poorly preserved and the number of plates
could not be counted. Specific information on the specimens from the Smithsonian can be found in the online Supplemental file 4.
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low arched to conical; large plated; anal tube central to
subcentral.

CUSACRINUS SOBRINUS (Miller and Gurley, 1896b)
Figure 6.5, 6.6

1896b Actinocrinus sobrinus MILLER AND GURLEY, p. 10, pl. 3,
figs. 4, 5.

1943 Actinocrinites sobrinus (Miller and Gurley); BASSLER

AND MOODEY, p. 274.
2002 Actinocrinites sobrinus (Miller and Gurley, 1896);

WEBSTER, p. 318.

Diagnosis.—Four arms per ray; tegmen depressed, convex,
lacking spinose plates; anal tube small, subcentral.

Material.—UMMP 74092 (x1) and IU 10565 (x1).
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill, New Mexico; and Osagean, Burlington
Limestone, Iowa.

Remarks.—Actinocrinites sobrinus (Miller and Gurley, 1896b)
is moved to the genus Cusacrinus because of a lack of arm lobes,
arms that are weakly grouped, and a tegmen that is lower than the
calyx. It is conceivable that A. spectabilis (Miller and Gurley,
1896b) and A. subscitulus (Miller and Gurley, 1896b) can be
synonymized with Cusacrinus sobrinus, but until further
investigations can be done, they will remain as separate species.

CUSACRINUS TENUISCULPTUS (McChesney, 1861)
Figure 6.7, 6.8

1861 Actinocrinus tenuisculptus MCCHESNEY, p. 15.
1868 Actinocrinus tenuisculptus McChesney, 1861; MCCHES-

NEY, p. 11, pl. 5, fig. 1a, 1b; unnumbered fig. p. 12.
1897 Actinocrinus tenuisculptus McChesney; WACHSMUTH AND

SPRINGER, p. 571, pl. 55, fig. 4a, 4b.
1955 Cusacrinus tenuisculptus (McChesney); BOWSHER, p. 16.
2002 Cusacrinus tenuisculptus (McChesney); WEBSTER, p. 715.

Diagnosis.—Six arms per ray; tegmen subpyramidal with
spinose plates; anal tube large, central.

Material.—UMMP 74093 and two more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Rock Springs, Apache Hill, and Tierra Blanca Mountain, New
Mexico; Kinderhookian, Chouteau Limestone, Missouri; and
Osagean, Burlington Limestone, Iowa.

Remarks.—Two specimens of Cusacrinus tenuisculptus are
known from the Nunn Member collections, and of the two, only
one is well preserved. That specimen has only four arms per ray,
which contradicts the descriptions of the species indicating six
arms per ray. However, illustrations by Wachsmuth and Springer
(1897, pl. 55, fig. 4a, 4b) demonstrates that the C. tenuisculptus
preserved without their arms appear to only have four arms per
ray, whereas specimens with arms preserved have six. The inner
arms bifurcate immediately after leaving the calyx, creating the
six arms. If the arms break right at the calyx, it appears that there
are only four arms per ray.

Actinocrinites plagosus (Miller and Gurley, 1893) may be a
synonym of Cusacrinus tenuisculptus. The single illustration and
description of A. plagosus resembles the calyx of C. tenuisculp-
tus. Actinocrinites plagosus also lacks a tegmen; and both species
occur in the lower Burlington. More work is needed before that
synonymy can be decided.

Genus NUNNACRINUS Bowsher, 1955

Type species.—Nunnacrinus mammillatus Bowsher, 1955, by
original designation.

Diagnosis.—Calyx low to medium cone; basal circlet low;
radials low; one fixed secundibrachial; arms weakly grouped;
interrays in contact with tegmen; fixed interbrachials between

half-rays; tegmen low to approximately as high as calyx; anal
tube central.

NUNNACRINUS DALYANUS (Miller, 1881)
Figure 6.9, 6.10

1881 Actinocrinus dalyanus Miller, p. 309, pl. 7, fig. 1, 1a.
1955 Nunnacrinus dalyanus (Miller); Bowsher, p. 18.
2002 Nunnacrinus dalyanus (Miller); Webster, p. 1323.
1955 Nunnacrinus mammillatus (Miller); Bowsher, p. 19, pl.

3, figs. 6, 7; pl. 6, figs. 2, 3; fig. 3, A–D.
1978 Nunnacrinus mammillatus Bowsher in Moore and Teichert,

p. T460, fig. 267, 2.
2002 Nunnacrinus mammillatus Bowsher; Webster, p. 1325.

Diagnosis.—Calyx conical; tegmen as high as calyx, conical.
Material.—UMMP 74074 and 723 more specimens, including

Nunnacrinus mammilatus type specimens in USNM.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, San Andres Canyon,
Trujillo Creek, Tierra Blanca Mountain, Black Range undefined,
Rock Springs, Apache Hill, between North Percha Creek and
Mineral Creek, Percha Creek Fork, Percha Creek, North Hollow
Creek, Zero-Bar-Zero Canyon, Cooks Range, and Wittenberg
Ranch Windmill Section, New Mexico.

Remarks.—Bowsher (1955, p. 20) stated that Nunnacrinus
dalyanus and N. mammillatus are readily separable from each
other based on the number of plates that separate the rays (one
plate and two plates respectively), different sizes, how conical the
calyces and tegmens are, and how regular the size of the tegmen
plates are. However, after comparing the 663 specimens in the
Macurda and Laudon collections, as well as comparing the 61 in
the Springer Room of the Smithsonian, it has been determined
that the two species are the same. There is no set pattern for the
interradial plates between the arm facets, with many having both
single and double plates between the rays (Fig. 7), and the entire
interradial area has a wide variety of plate arrangements (online
Supplemental data file 4). The other supposedly diagnostic
criteria are not supported by the evidence from the large number
of specimens examined of this variable species. Thus, N.
mammillatus is designated a junior synonym of N. dalyanus.

The type specimen for Actinocrinites dalyanus could not be
located at either the Field Museum of Natural History in Chicago
or the Cincinnati Museum Center. As these are the only two
places known to house S. A. Miller’s types, UMMP 74074 (Fig.
8.9, 8.10) has been selected as the neotype.

GENUS TELEIOCRINUS Wachsmuth and Springer, 1881

Type species.—Actinocrinus umbrosus Hall, 1858, by original
designation.

Diagnosis.—Calyx medium cone, plates nodose or stellate;
basal circlet high; radial circlet high; one fixed secundibrachial;
arms not grouped; arm lobes absent; interrays not in contact with
tegmen; fixed interradials between half-rays present; tegmen
lower than calyx; anal tube central.

TELEIOCRINUS UMBROSUS (Hall, 1858)
Figure 8.1, 8.2

1858 Actinocrinus umbrosus Hall, p. 590, pl. 11, fig. 3a, 3b;
fig. 89.

1859 Actinocrinus rudis Hall, p. 33.
1881 Teleiocrinus rudis (Hall, 1859); WACHSMUTH AND SPRINGER,

p. 149 (323), pl. 19, fig. 11.
1881 Teleiocrinus umbrosus (Hall); WACHSMUTH AND SPRING-

ER, p. 149 (323).
1897 Teleiocrinus umbrosus (Hall); WACHSMUTH AND SPRING-

ER, p. 628, pl. 4, fig. 11; pl. 5, figs. 3, 4; pl. 59, fig. 7; pl.
60, fig. 2a–2d.
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1897 Teleiocrinus rudis (Hall, 1859); WACHSMUTH AND

SPRINGER, p. 630, pl. 5, fig. 1; pl. 59, figs. 1–3.

1943 Teleiocrinus umbrosus (Hall); MOORE AND LAUDON, p.
140, pl. 11, fig. 5.

1943 Teleiocrinus rudis (Hall, 1859); MOORE AND LAUDON, p.
140, pl. 11, fig. 6.

1978a Teleiocrinus umbrosus (Hall); UBAGHS in Moore and
Teichert, p. T201, fig. 170, 2.

1978a Teleiocrinus umbrosus (Hall); BROWER in Moore and
Teichert, p. T251, fig. 201, 1–3.

1978 Teleiocrinus umbrosus (Hall); BOWSHER in Moore and
Teichert, p. T460, fig. 268, 1.

2003 Teleiocrinus umbrosus (Hall); WEBSTER, p. 1805.

1978a Teleiocrinus rudis (Hall, 1859); UBAGHS in Moore and
Teichert p. T195, fig. 164, 5.

Diagnosis.—Calyx plates nodose.
Material.—UMMP 74094.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Tierra Blanca Mountain, New Mexico; and Osagean, upper
Burlington Limestone, Iowa.

Remarks.—The occurrence of Teleiocrinus umbrosus in the
Lake Valley Formation indicates the species originated earlier
than once thought. It was previously known only from the upper
Burlington Limestone, which is not correlative with the Nunn
Member.

Subfamily PHYSETOCRININAE Ubaghs, 1978b
Genus PHYSETOCRINUS Meek and Worthen, 1869

Type species.—Actinocrinus ventricosus Hall, 1858, by subse-
quent designation (Wachsmuth and Springer, 1881).

Diagnosis.—Calyx medium-bowl to medium-cone shape; basal
circlet high; radials large; tertibrachial to quartibrachial highest
fixed brachials; arms grouped, lobed in early species, less so in
later species; interrays in contact with tegmen; fixed intrabrachial
between half rays; tegmen lower than calyx; no anal tube; anal
opening eccentric.

PHYSETOCRINUS COPEI (Miller, 1881)

Figure 8.5, 8.6

1881 Actinocrinus copei MILLER, p. 310, pl. 7, fig. 2–2b.

1889 Physetocrinus copei (Miller, 1881); MILLER, p. 269, fig.

390.

1897 Physetocrinus copei (Miller, 1881); WACHSMUTH AND

SPRINGER, p. 598, pl. 63, fig. 5.

1969 Physetocrinus copei (Miller, 1881); BROWER, p. 501, pl.

65, figs. 3, 4; fig. 82, A, B.

2002 Physetocrinus copei (Miller, 1881); WEBSTER, p. 1455.

Diagnosis.—Calyx conical, approximately equidimensional;
basals with sutures slightly grooved; tegmen hemispherical,
gently convex, not lobate; anal opening elevated slightly above
tegmen.

Material.—UMMP 74095 and 772 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, Grapevine Canyon,
Trujillo Creek, Tierra Blanca Mountain, Black Range undefined,
Rock Springs, Apache Hill, between North Percha Creek and
Mineral Creek, Percha Creek Fork, Percha Creek, North Percha
Creek, North Hollow Creek, Zero-Bar-Zero Canyon, Wittenberg
Ranch Windmill Section, and Cooks Range, New Mexico; and
Osagean, Thunder Springs Member or Mooney Falls Member of
Redwall Limestone, Arizona.

Remarks.—Physetocrinus copei is one of the most abundant
crinoid species in the Nunn Member, second only to Stegano-
crinus pentagonus based on the collections studied. The number
of specimens allows the amount of variation within the species to
be studied. The tegmen, especially, has a wide range of variation;
ranging from slightly convex to rather inflated (Fig. 9).
Specimens with inflated tegmens are similar to P. majusculus
Webster and Lane, 1987 but do not have any other significant
differences from P. copei and should remain as P. copei. It may
well be that P. majusculus is a variation of P. copei, but until
further investigations can be made, the two will remain separate
species.

FIGURE 8.—Actinocrinitidae, subfamily Cactocrininae, subfamily Physetocrininae and Batocrinidae. 1, 2, Teleiocrinus umbrosus (Hall, 1858), UMMP 74094,
31.0: 1, A-ray lateral view; 2, CD interray lateral view; 3, 4, Physetocrinus lobatus Wachsmuth and Springer, 1897, UMMP 74096, 31.0: 3, CD interray lateral
view; 4, A-ray lateral view; 5, 6, Physetocrinus copei (Miller, 1881), UMMP 74095, 31.0: 5, CD interray lateral view; 6, A-ray lateral view; 7, 8, Abatocrinus
aequalis (Hall, 1858), UMMP 74097, 31.0: 7, A-ray lateral view; 8, CD interray lateral view.
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PHYSETOCRINUS LOBATUS Wachsmuth and Springer, 1897
Figure 8.3, 8.4

1897 Physetocrinus lobatus WACHSMUTH AND SPRINGER, p. 599,
pl. 63, fig. 8a, 8b.

1944 Physetocrinus lobatus Wachsmuth and Springer; MOORE

AND LAUDON, p. 193, pl. 77, fig. 8.

1954 Physetocrinus lobatus Wachsmuth and Springer; BOWSHER,
p. 113, figs. 1–3.

1969 Physetocrinus lobatus Wachsmuth and Springer; BROWER,
p. 504, pl. 65, figs. 5–14; fig. 82, C–K.

2002 Physetocrinus lobatus Wachsmuth and Springer; WEB-

STER, p. 1456.

Diagnosis.—Calyx conical with straight or slightly rounded
sides, strongly necked base; basals with small notches at sutures;
tegmen almost flat to gently convex, distinctly lobate; anal
opening elevated slightly bulging, opens anteriorly.

Material.—UMMP 74096 and 319 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, Tierra Blanca
Mountain, Black Range undefined, Rock Springs, Apache Hill,
between North Percha Creek and Mineral Creek, Percha Creek
Fork, Percha Creek, North Percha Creek, Zero-Bar-Zero Canyon,
North Hollow Creek, and Wittenberg Ranch Windmill Section,
New Mexico; and Osagean, Thunder Springs Member or Mooney
Falls Member of Redwall Limestone, Arizona.

Remarks.—Physetocrinus lobatus differs from other members
of the genus by having distinct lobes on the tegmen. Other
species, such as P. ornatus (Hall, 1858) and P. asper (Meek and
Worthen, 1870) have grooves at the arm openings but these
grooves do not extend across the whole of the tegmen. The lobes
of P. lobatus are more deeply grooved and can be followed to the
anal opening.

Superfamily CARPOCRINACEA de Koninck and Le Hon, 1854
Family BATOCRINIDAE Wachsmuth and Springer, 1881

Genus ABATOCRINUS Lane, 1963

Type species.—Actinocrinus turbinatus Hall, 1858, by original
designation.

Diagnosis.—Calyx high, sides straight or gently concave; basal
and radial circlets high and prominent; interrays not in contact
with tegmen; tegmen as high or lower than calyx; anal tube stout
and central.

ABATOCRINUS AEQUALIS (Hall, 1858)
Figure 8.7, 8.8

1858 Actinocrinus aequalis Hall, p. 592, pl. 11, fig. 4a, 4b;
fig. 90.

1889 Batocrinus aequalis (Hall); Miller, p. 227.
1897 Batocrinus aequalis (Hall); WACHSMUTH AND SPRINGER,

p. 371, pl. 28, figs. 5, 6.
1963 Abatocrinus aequalis (Hall); LANE, p. 696.
2002 Abatocrinus aequalis (Hall); WEBSTER, p. 286.
2010 Abatocrinus aequalis (Hall); AUSICH AND KAMMER, p. 40.
1858 Actinocrinus discoideus (Hall); HALL, p. 594, pl. 2, fig. 9.
1861 Actinocrinus subaequalis MCCHESNEY, p. 17.
1889 Batocrinus subaequalis (McChesney); MILLER, p. 228.
1897 Batocrinus subaequalis (McChesney); WACHSMUTH AND

SPRINGER, p. 369, pl. 4, fig. 10; pl. 28, figs. 7–9.
1943 Batocrinus subaequalis (McChesney); MOORE AND LAU-

DON, p. 140, pl. 11, fig. 10.

Diagnosis.—Calyx same height as tegmen; both calyx and
tegmen are medium cone shaped.

Material.—UMMP 74097 and one more specimen.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Marble Canyon, New Mexico; Kinderhookian, Chouteau
Limestone, Missouri; and Osagean, lower Burlington Limestone,
Iowa.

Remarks.—Abatocrinus aequalis and A. clypeatus are associ-
ated with the deeper water sediments of the Nunn Member. This
suggests this genus preferred the quieter waters associated with
the Waulsortian mounds instead of the slightly more turbulent
waters of the shallow shelf.

ABATOCRINUS CLYPEATUS (Hall, 1859)
Figure 10.1, 10.2

1859 Actinocrinus clypeatus HALL, p. 12, unnumbered figure.
1889 Batocrinus clypeatus (Hall); MILLER, p. 227.
1897 Batocrinus clypeatus (Hall); WACHSMUTH AND SPRINGER,

p. 380, pl. 27, fig. 8a–8e.
1973 Batocrinus clypeatus (Hall); LAUDON, p. 27, figs. 3, 4.
1963 Abatocrinus clypeatus (Hall); LANE, p. 697.
1978a Abatocrinus clypeatus (Hall); UBAGHS in Moore and

Teichert, p. T214, fig. 184, 3.
2002 Abatocrinus clypeatus (Hall); WEBSTER, p. 287.
2010 Abatocrinus clypeatus (Hall); AUSICH AND KAMMER, p. 40.
1859 Actinocrinus inornatus HALL, p. 24.
1889 Batocrinus inornatus (Hall); MILLER, p. 228.
1897 Batocrinus inornatus (Hall); WACHSMUTH AND SPRINGER,

p. 380, pl. 5, fig. 17.
1868a Batocrinus quasillus MEEK AND WORTHEN, p. 351.
1897 Batocrinus quasillus Meek and Worthen; WACHSMUTH

AND SPRINGER, p. 372, pl. 28, fig. 4a, 4b.

Diagnosis.—Calyx higher than tegmen; sides of calyx concave.
Material.—UMMP 74098 and three more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon and Marble Canyon, New Mexico;
Kinderhookian, Chouteau Limestone, Missouri; and Osagean,
lower Burlington Limestone, Iowa.

Remarks.—Basals are not preserved in any of the specimens.
The concave sides of the calyx make Abatocrinus clypeatus
distinct from the similar species A. turbinatus (Hall, 1858) which
has much straighter sides and less of an overhang at arm level.

Genus ERETMOCRINUS Lyon and Casseday, 1859

Type species.—Eretmocrinus magnificus Lyon and Casseday,
1859, by original designation.

Diagnosis.—Calyx low, broad; basals low, form projecting
rim; interrays not in contact with tegmen; tegmen as high or

FIGURE 9.—Width-height ratio of the tegmens of 37 specimens of
Physetocrinus copei from the undefined Black Range area (locality M-17)
showing the variation of tegmen inflation as compared to the height of the
crown.
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higher than calyx, asymmetric and bulging, highest anteriorly,
flattened posteriorly; anal tube short and curved in some species.

ERETMOCRINUS CORBULIS (Hall, 1861a)
Figure 10.3, 10.4

1861a Actinocrinus corbulis HALL, p. 265.
1889 Eretmocrinus corbulis (Hall); MILLER, p. 243.
1894 Eretmocrinus corbulis (Hall); KEYES, p. 175, pl. 23.
1897 Eretmocrinus corbulis (Hall); WACHSMUTH AND SPRINGER,

p. 399, pl. 36, figs. 5, 6.
1897 Eretmocrinus corbulis (Hall); MILLER, p. 744.
2002 Eretmocrinus corbulis (Hall); WEBSTER, p. 908.
2010 Eretmocrinus corbulis (Hall); AUSICH AND KAMMER, p.

43.

Diagnosis.—Calyx medium globe, plates nodose; basals deeply
notched at sutures; nodes on radials project downward.

Material.—UMMP 74099.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Tierra Blanca Mountain, New Mexico; and Osagean, lower
Burlington Limestone, Iowa.

Remarks.—The basal flange that is characteristic for the genus
Eretmocrinus is not quite as distinct in E. corbulis as it is in other
species. The basals do not project outward, but rather downward.

Genus EUTROCHOCRINUS Wachsmuth and Springer, 1897

Type species.—Actinocrinus christyi Shumard, 1855, by
original designation.

Diagnosis.—Calyx narrow proximally, abruptly expanding
above radials; interrays may or may not be in contact with
tegmen; tegmen flat peripherally, rising centrally to form anal
tube.

EUTROCHOCRINUS CHRISTYI (Shumard, 1855)
Figure 10.5, 10.6

1855 Actinocrinus christyi Shumard, p. 191, pl. A, fig. 3.
1897 Eutrochocrinus christyi (Shumard); Wachsmuth and

Springer, p. 409, pl. 3, fig. 21; pl. 4, figs. 7, 13, 16; pl.
5, fig. 10; pl. 29, fig. 6; pl. 32, fig. 1a–1c.

1943 Eutrochocrinus christyi (Shumard); MOORE AND LAUDON,
p. 141, pl. 12, fig. 11.

1978a Eutrochocrinus christyi (Shumard); UBAGHS in Moore
and Teichet, p. T118, T201, fig. 90, 4; fig. 170, 6; fig.
171.

1978a Eutrochocrinus christyi (Shumard); LANE in Moore
and Teichert, p. T469, fig. 276, no. 1.

2002 Eutrochocrinus christyi (Shumard); WEBSTER, p. 966.

2010 Eutrochocrinus christyi (Shumard); AUSICH AND

KAMMER, p. 43.

Diagnosis.—Arm openings continuous; interrays not in contact
with tegmen.

Material.—UMMP 74100 and one more specimen.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon and Tierra Blanca Mountain, New
Mexico; Chouteau Limestone, Missouri; Osagean, Fern Glen
Limestone and upper Burlington Limestone, Iowa; and Osagean,
St. Joe Formation, Arkansas.

Remarks.—Wachsmuth and Springer (1897) stated that both
Eutrochocrinus christyi and E. lovei (Wachsmuth and Springer,
1881) closely resemble each other and are difficult to separate
unless arms are preserved or the arm openings are perfectly
preserved. Neither of these qualifiers are the case for the Nunn
specimens, but it appears that the presence of a depression
between rays may be a clue. The illustrations of Wachsmuth and
Springer (1897, E. christyi, pl. 29, fig. 6 and pl. 32, fig. 1a–1c, 3;
E. lovei: pl. 29, fig. 7 and pl. 32, fig. 2a, 2b) also indicate this
slight difference between the two species.

EUTROCHOCRINUS LOVEI (Wachsmuth and Springer, 1881)
Figure 10.7, 10.8

1881 Batocrinus lovei WACHSMUTH AND SPRINGER, p. 168 (342).

1897 Eutrochocrinus lovei (Wachsmuth and Springer); WACHS-

MUTH AND SPRINGER, p. 412, pl. 29, fig. 7; pl. 32, fig. 2a, 2b.

2002 Eutrochocrinus lovei (Wachsmuth and Springer); WEB-

STER, p. 967.

2010 Eutrochocrinus lovei (Wachsmuth and Springer); AUSICH

AND KAMMER, p. 43.

Diagnosis.—Arms grouped, separated by slight depression
between rays; interrays in contact with tegmen.

Material.—UMMP 74101.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Marble Canyon, New Mexico; and Osagean, upper Burlington
Limestone, Iowa.

Remarks.—The occurrence of Eutrochocrinus lovei in the
Nunn Member extends the range of the species to be older than
previously thought.

FIGURE 10.—Batocrinidae. 1, 2, Abatocrinus clypeatus (Hall, 1859), UMMP 74098, 31.5: 1, A-ray lateral view; 2, CD interray lateral view; 3, 4, Eretmocrinus
corbulis (Hall, 1861), UMMP 74099, 31.5: 3, A-ray lateral view; 4, CD interray lateral view; 5, 6, Eutrochocrinus christyi (Shumard, 1855), UMMP 74100,
31.0: 5, CD interray lateral view; 6, A-ray lateral view; 7, 8, Eutrochocrinus lovei (Wachsmuth and Springer, 1881), UMMP 74101, 31.0: 7, A-ray lateral view;
8, CD interray lateral view; 9, 10, Simatocrinus sp. UMMP 74102, 31.5: 9, A-ray lateral view; 10, CD interray lateral view.
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Genus SIMATOCRINUS Ausich and Kammer, 2010

Type species.—Batocrinus heteroclitus Miller and Gurley,
1895, by original designation.

Diagnosis.—Calyx low cone or expanding with concave sides;
basals low, truncate or narrow proximal expansion; radials low;
interrays in contact with tegmen; rays lobate; tegmen as high or
higher than calyx, flat to low cone or inverted bowl shaped; anal
tube central and cylindrical.

SIMATOCRINUS sp.
Figure 10.9, 10.10

Diagnosis.—Basals low, expand outward; arm facets face
obliquely upward; arms weakly grouped.

Material.—UMMP 74102 and one more specimen.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range and between North Percha Creek and Mineral
Creek, New Mexico.

Remarks.—Two specimens of Simatocrinus occur in the
collections. Neither is well preserved. Individual plates of the
calyx are not easy to discern, therefore assigning these two
specimens to a species is difficult.

Genus UPEROCRINUS Meek and Worthen, 1865

Type species.—Actinocrinus pyriformis Shumard, 1855, by
original designation.

Diagnosis.—Calyx expanding with concave sides or low to
medium cone; basal and radial circlets high and prominent;
interrays in contact with tegmen; rays may be lobate; tegmen as
high as or lower than calyx, flat to low cone or low inverted bowl;
anal tube central and cylindrical.

UPEROCRINUS KUESI new species
Figure 11.1, 11.2

Diagnosis.—Calyx plates nodose; tegmen lower than calyx.
Description.—Calyx expanding with concave sides. Arms

moderately grouped. Calyx plates either nodose or smooth. Basal
circlet is 16 percent of calyx height and composed of three large,
equal plates that are trilobate. Radial circlet is 30 percent of the
calyx height. Radials are hexagonal or heptagonal, wider than
long, with a prominent node in the center. Tegmen low arched,
slightly lobed between rays. Composed of many large, convex
plates. Anal tube eccentric. Primanal hexagonal; higher and
narrow than radials. Primanal followed by 3, 2, 1 plates. Interrays
in contact with tegmen. First interradial hexagonal, large, and
followed by 2 plates. First primibrachial hexagonal, wider than
high. Second primibrachial axillary. Both have a central node.
First secundibrachial hexagonal, second axillary, both with a
central node. Each axillary secundibrachial supports two
tertibrachials.

Etymology.—In recognition of Dr. Barry Kues who kindly
shared his expertise at the different Lake Valley Formation
collecting sites.

Holotype.—UMMP 70471.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Berenda Canyon, New Mexico.
Remarks.—Uperocrinus kuesi appears to combine the charac-

ters of two previously known species of Uperocrinus (Table 5). In
overall shape, U. kuesi resembles U. hageri (McChesney, 1861);
however, the basals are much more pronounced in U. kuesi and
the calyx plates are nodose. Uperocrinus marinus (Miller and
Gurley, 1890) has the same calyx nodes as U. kuesi, but the anal
tube is stouter. Although the full anal tube is not preserved on U.

FIGURE 11.—Batocrinidae and Coelocrinidae. 1, 2, Uperocrinus kuesi n. sp.,
UMMP 74071, 31.0: 1, A-ray lateral view; 2, CD interray lateral view; 3, 4,
Uperocrinus sp., UMMP 74103, 31.0: 3, A-ray lateral view; 4, CD interray
lateral view; 5, 6, Agaricocrinus bullatus Hall, 1858, UMMP 74104, 31.5: 5,
A-ray lateral view; 6, CD interray lateral view.

TABLE 5—Comparison of diagnostic characters of the most similar species to Uperocrinus kuesi n. sp. as well as the type species.

U. pyriformis U. hageri U. marinus U. kuesi

Calyx medium cone low cone to low bowl medium cone medium cone
Basals wider than long rounded at bottom wider than high, sutures

grooved, trilobate outline
wider than high, sutures

grooved, trilobate outline
Radials large, higher than wide, no

ornamentation
higher than wide, no

ornamentation
higher than wide, prominent

node in center
wider than high, prominent node

in center
Primibrachials 1st small, quadrangular; 2nd

axillary, wider than 1st
1st quadrangular, wider than

long; 2nd axillary, wider than
1st

1st quadrangular, wider than
long; 2nd axillary, wider than
1st

1st hexagonal, wider than long;
2nd axillary, smaller than 1st;
both have central node

Secundibrachials one per half-ray, supports
tertibrachs, which support arm
facets

two per half-ray; support arm
facets

two per half-ray; support arm
facets

two per half-ray; supports arm
facets; both with central node

Anals Primanal as large as radials;
1;3;3;1–2. Anal tube long,
central, heavy

Primanal little smaller than
radials; 1;3;3;2;2. Anal tube
eccentric, very narrow, short

Primanal higher and narrower
than radials; 1;3;3;2;2. Anal
tube long, heavy

Primanal higher and narrower
than radials; 1;3;2;1. Anal
tube eccentric, very narrow

Tegmen medium cone; same height as to
lower than calyx, slightly
bulging; plates nodose

flat cone; lower than calyx;
plates smooth

unknown flat cone; lower than calyx;
plates convex
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kuesi, the base of the tube is small and narrow, much like U.
hageri.

UPEROCRINUS sp.
Figure 11.3, 11.4

Diagnosis.—Calyx plates smooth; tegmen slightly lobed, low
inverted bowl; many large, smooth plates on tegmen; anal tube
eccentric.

Material.—UMMP 74103.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Marble Canyon, New Mexico.
Remarks.—Basals and radials are not preserved, but this

specimen appears to be most similar to Uperocrinus pyriformis
(Shumard, 1855), which is what Laudon concluded.

Family COELOCRINIDAE Bather, 1899
Genus AGARICOCRINUS Hall, 1858

Type species.—Agaricocrinus tuberosus Hall, 1858, by subse-
quent designation (Miller and Gurley, 1897).

Diagnosis.—Calyx conical or hemispherical; basals flat or
concave, basals and commonly radials not visible in side view;
interrays in contact with tegmen; tegmen higher than calyx,
conical or hemispherical; tegmen plates commonly large, tumid,
or nodose; CD oral commonly large; anal opening on side of
tegmen.

AGARICOCRINUS BULLATUS Hall, 1858
Figure 11.5, 11.6

1858 Agaricocrinus bullatus HALL, p. 662, pl. 9, fig. 11a–11b.

1897 Agaricocrinus bullatus Hall; WACHSMUTH AND SPRINGER,
p. 489, pl. 41, fig. 2a–2d.

2002 Agaricocrinus bullatus Hall; WEBSTER, p. 361.

1942 Agaricocrinites bullatus (Hall); MOORE AND LAUDON, p.
74, fig. 4, c.

1943 Agaricocrinites bullatus (Hall); MOORE AND LAUDON, p.
141, pl. 12, fig. 4.

Diagnosis.—Calyx depressed pyramidal, pentangular below
arm bases, deeply concave at bottom; tegmen high, hemispher-
ical, much higher than calyx.

Material.—UMMP 74104.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, New Mexico; Osagean, lower and

upper Burlington Limestone, Iowa; and Osagean, Warsaw
Limestone, Illinois.

Remarks.—Agaricocrinus bullatus is distinct from the other
species of Agaricocrinus in the Nunn Member by having a
tegmen that is more box-shaped and much higher than the calyx.

AGARICOCRINUS PLANOCONVEXUS Hall, 1861a
Figure 12.1, 12.2

1861a Agaricocrinus (Amphoracrinus) planoconvexus HALL,
p. 280.

1861b Agaricocrinus planoconvexus Hall; HALL, p. 3.
1897 Agaricocrinus planoconvexus Hall; WACHSMUTH AND

SPRINGER, p. 503, pl. 38, fig. 6a–6c.
2002 Agaricocrinus planoconvexus Hall; WEBSTER, p. 366.
1943 Agaricocrinites planoconvexus (Hall); MOORE AND LAU-

DON, p. 141, pl. 12, fig. 3.

Diagnosis.—Calyx distinctly pentangular, bottom wholly or
partly excavated; tegmen low, hemispherical, higher than calyx.

Material.—UMMP 74105 and 160 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, Tierra Blanca
Mountain, Black Range undefined, Rock Springs, Apache hill,
between North Percha Creek and Mineral Creek, Percha Creek,
North Hollow Creek, Wittenberg Ranch Windmill Section, and
Cooks Range, New Mexico; Kinderhookian, Chouteau Lime-
stone, Missouri; Osagean, lower and upper Burlington Limestone,
Iowa; and Osagean, Nada Member of the Borden Formation in
Kentucky.

Remarks.—Agaricocrinus planoconvexus is the most abundant
species of the genus in the Nunn Member and one of the most
abundant species of camerates. The characteristic size range of
the species is a calyx width between 9–15 mm, but a few
specimens grew much larger, having a calyx width of 25 mm.

AGARICOCRINUS PYRAMIDATUS (Hall, 1858)
Figure 12.3, 12.4

1858 Actinocrinus pyramidatus HALL, p. 565.
1889 Agaricocrinus pyramidatus (Hall); MILLER, p. 221.
1897 Agaricocrinus pyramidatus (Hall); WACHSMUTH AND SPRING-

ER, p. 512, pl. 38, figs. 4, 5.
2002 Agaricocrinus pyramidatus (Hall); WEBSTER, p. 367.

Diagnosis.—Calyx flat; tegmen low, depressed pyramidal,
higher than calyx.

FIGURE 12.—Coelocrinidae and Dichocrinidae. 1, 2, Agaricocrinus planoconvexus Hall, 1861, UMMP 74105, 32.0: 1, A-ray lateral view; 2, CD interray
lateral view; 3, 4, Agaricocrinus pyramidatus (Hall, 1858), UMMP 74106, 31.0: 3, A-ray lateral view; 4, CD interray lateral view; 5, 6, Agaricocrinus
alamogordoensis n. sp., UMMP 74072, 31.5: 5, CD interray lateral view; 6, A-ray lateral view; 7–9, Dichocrinus conus Meek and Worthen, 1860, UMMP
74107, 32.0: 7, CD interray lateral view; 8, A-ray lateral view; 9, different specimen that shows the arms attached; 10, 11, Dichocrinus sp., UMMP 74108, 31.0:
10, CD interray lateral view; 11, A-ray lateral view.
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Material.—UMMP 74106.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill, New Mexico; and Osagean, lower Burlington
Limestone, Iowa.

Remarks.—The calyx of Agaricocrinus pyramidatus is unlike
the previous two species of Agaricocrinus. In contrast to A.
bullatus and A. planoconvexus which have flat calyces where the
arm facets rest evenly on a horizontal plane, A. pyramidatus is
slightly elevated by the radials so that the arm facets are not even
with the horizontal.

AGARICOCRINUS ALAMOGORDOENSIS new species
Figure 12.5, 12.6

Diagnosis.—Calyx low cone; tegmen high cone, same height as
calyx.

Description.—Calyx small, low cone, convex. Basals small,
three, equal, form a concavity, edges visible in side view. Radials
medium, hexagonal, wider than high with prominent node in
center. Tegmen higher than calyx. Composed of several medium
convex to nodose plates. CD oral largest plate, spinose. Primanal
hexagonal, higher and narrower than radials, followed by three
rows of three plates before the anal opening, which is on the side
of the tegmen. First primibrachial hexagonal, wider than high.
Second primibrachial axillary, supporting secundibrachials,
which support one arm facet each. Arms and column unknown.

Etymology.—The trivial name recognizes the city of Alamo-
gordo, New Mexico near where the holotype specimen was
collected.

Holotype.—UMMP 74072 (holotype).
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, New Mexico.
Remarks.—This species is similar to Agaricocrinus brevis

(Hall, 1858), but the anal area is significantly different (Table 6).
The primanal of A. brevis is followed by 3, 4(5), then numerous
smaller plates, whereas in this species the primanal is followed by
3, 3, 3. This species also lacks the well-defined groove at the sides
of the anal area of A. brevis.

The A and D rays of the holotype have slight variation from the
other three rays, which are presumably the normal condition for
A. alamogordoensis. The A ray only has one primibrachial, which
is axillary as opposed to two as in the other rays. The D ray has
three arm facets rather than two. The secundibrachial on the anal
side is axillary, supporting two tertibrachials, which in turn
supports the arm facets. Opposite the anal side, there are two
secundibrachials before the arm facet.

Family COELOCRINIDAE Bather, 1899
Genus indeterminate

Material.—M–159 (x1), LNM 14,088 (x1), and LNM 13,551
(x1).

Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-
ber Marble Canyon and Percha Creek, New Mexico.

Remarks.—Three crinoids are poorly preserved and cannot be
identified any further than family level. Two of the specimens
were identified by Laudon as Dorycrinus unicornis (Owen and
Shumard, 1850) but neither specimen is whole, and it impossible
to be certain of this identification. The third specimen only has
the anal area, illustrating the distinct anal plates, but this is
insufficient for identification.

Superfamily HEXACRINITACEA Wachsmuth and Springer, 1885
Family DICHOCRINIDAE Miller, 1889
Genus DICHOCRINUS Münster, 1839

Type species.—Dichocrinus radiatus Münster, 1839, by
original designation.

Diagnosis.—Calyx high bowl shaped, small; basals and radials T
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high; tegmen lower than calyx, composed of numerous small
plates; anal opening eccentric.

DICHOCRINUS CONUS Meek and Worthen, 1860
Figure 12.7–12.9

1860 Dichocrinus conus MEEK AND WORTHEN, p. 381.
1897 Dichocrinus conus Meek and Worthen; WACHSMUTH

AND SPRINGER, p. 770, pl. 75, fig. 6.
1981 Dichocrinus conus Meek and Worthen; BROADHEAD, p.

107, pl. 7, figs. 1–3, 6, 12, 13, 16.
2002 Dichocrinus conus Meek and Worthen; WEBSTER, p. 805.
1861a Dichocrinus scitulus HALL, p. 289.
1897 Dichocrinus scitulus Hall; WACHSMUTH AND SPRINGER,

p. 767, pl. 78, figs. 13a– 14.
2002 Dichocrinus scitulus Hall; WEBSTER, p. 813.

Diagnosis.—Calyx inornate, plates smooth; basal cup conical.
Material.—UMMP 74107 and four more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, Apache Hill, Wittenberg Ranch
Windmill Section, and Cooks Range, New Mexico; Osagean,
lower and upper Burlington Limestone, Iowa; and Osagean,
Boone Formation, Arkansas.

Remarks.—Two species of Dichocrinus (D. conus and D.
scitulus) as well as Platycrinites elegans were synonymized by
Broadhead (1981), but this was not recognized by Webster
(2002).

DICHOCRINUS sp.
Figure 12.10, 12.11

Material.—UMMP 74108.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, New Mexico.
Remarks.—This specimen is poorly preserved, consisting of

only the radials and anal plate. It is likely that it is Dichocrinus
conus, but without a full calyx it is not possible to assign it
confidently to a species.

Genus STRIMPLECRINUS Broadhead, 1981

Type species.—Dichocrinus plicatus Hall, 1861, by original
designation.

Diagnosis.—Calyx low to medium bowl, rarely conical; basals
and radials high; tegmen lower than calyx, composed of many
small plates.

Remarks.—Strimplecrinus is very similar to Dichocrinus with
the calyx shape an important difference between the two genera.
Strimplecrinus is more globose than Dichocrinus. Another
difference may be that Strimplecrinus has an anal tube. However,
the only known tegmen for Strimplecrinus is from the oldest
known species. That feature may have been lost in later species;
therefore it cannot be used as a distinguishing character until
more tegmens are found.

STRIMPLECRINUS PISUM (Meek and Worthen, 1869)
Figure 13.1, 13.2

1869 Dichocrinus pisum MEEK AND WORTHEN, p. 69.
1897 Dichocrinus pisum Meek and Worthen; WACHSMUTH AND

SPRINGER, p. 763, pl. 76, fig. 5; pl. 77, fig. 10.
1981 Strimplecrinus pisum (Meek and Worthen); BROADHEAD,

p. 141, pl. 14, fig. 10; pl. 15, figs. 1, 2, 6, 10, 22.
2002 Strimplecrinus pisum (Meek and Worthen); WEBSTER, p.

1746.

Diagnosis.—Calyx short; basals broadly expanding, shallow;
radial circlet vertical to slightly contracted to summit; plates
plicate to striate.

Material.—UMMP 74109 and one more specimen.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, New Mexico; and Osagean, lower
Burlington Limestone, Iowa.

Remarks.—Neither specimen is perfectly preserved, but both
have striations. The basals are broad and shallow, which separates
them from Strimplecrinus striatus (Owen and Shumard, 1850).
The basals also lack nodose striae, which separates them from S.
ovatus (Owen and Shumard, 1850). One specimen preserves the
striae very well. The other has been abraded but the ghosts of the
striae can still be discerned on the plates.

STRIMPLECRINUS sp.
Figure 13.3

Material.—UMMP 74110.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, New Mexico.
Remarks.—The specimen of this dichocrinid is crushed, but the

width of the radial plates is indicative of Strimplecrinus. Placing
this specimen in a species is difficult, as there appears to be no
ornamentation. The only known Strimplecrinus species that are
inornate are either from the Kinderhookian (S. campto [Laudon,

FIGURE 13.—Dichocrinidae and Platycrinitidae. 1, 2, Srimplecrinus pisum (Meek and Worthen, 1869), UMMP 74109, 31.5: 1, A-ray lateral view; 2, CD
interray lateral view; 3, Strimplecrinus sp., UMMP 74110, 31.5; 4, 5, Platycrinites burlingtonensis (Owen and Shumard, 1850), UMMP 74111, 31.5: 4, A-ray
lateral view; 5, CD interray lateral view; 6, 7, Platycrinites parvinodus (Hall, 1861), UMMP 74113, 31.0: 6, A-ray lateral view, 7, CD interray lateral view; 8, 9,
Platycrinites illiniosensis (Miller and Gurley, 1896), UMMP 74112, 31.5: 8, A-ray lateral view; 9, CD interray lateral view, arrow indicates broken plates where
the anal tube extends; 10, 11, Platycrinites peculiaris (Wachsmuth and Springer, 1897), UMMP 74114, 31.5: 10, A-ray lateral view; 11, CD interray lateral
view.
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1933] and S. inornatus [Wachsmuth and Springer, 1890]) or the
Chesterian (S. superstes [Wachsmuth and Springer, 1897]).
Although it is conceivable that this species is a holdover from
the Kinderhookian, with only one example, definitive species
assignment is impossible.

Suborder GLYPTOCRININA Moore, 1952
Superfamily PLATYCRINITACEA Austin and Austin, 1842

Family PLATYCRINITIDAE Austin and Austin, 1842
Genus PLATYCRINITES Miller, 1821

Type species.—Platycrinites laevis Miller, 1821, by subsequent
designation (Meek and Worthen, 1865).

Diagnosis.—Calyx low to medium bowl; basal circlet high,
visible in side view; radials lack laterally projecting neck at radial
facet; five or ten arm openings; tegmen medium to low cone, as
high or lower than calyx; few to numerous small- to medium-
sized tegmen plates; tegmen plate size gradational from orals to
margins; anal tube on top of or on the upper margin of tegmen.

Remarks.—The genus Platycrinites has long been a problem-
atic group and, until recently, it held species placed into the genus
without enough characters to confidently assign them (Ausich and
Kammer, 2009). The generic concepts of Platycrinitidae are
discussed by Ausich and Kammer (2009) and will not be repeated
here. The use of senso stricto and senso lato is to illustrate the
changes to the genus and family, with Platycrinites s.s.
representing specimens that can be diagnosed from the type
specimen and Platycrinites s.l. representing specimens that are
missing key characters.

PLATYCRINITES s.s. BURLINGTONENSIS (Owen and Shumard, 1850)
Figure 13.4, 13.5

1850 Platycrinus burlingtonensis OWEN AND SHUMARD, p. 60,
pl. 7, fig. 5;

1897 Platycrinus burlingtonensis Owen and Shumard; WACHS-

MUTH AND SPRINGER, p. 653, pl. 69, fig. 3a–3l.
1873 Platycrinites burlingtonensis (Owen and Shumard); MEEK

AND WORTHEN, p. 452, pl. 3, fig. 6a–6c.
1944 Platycrinites burlingtonensis (Owen and Shumard); MOORE

AND LAUDON, p. 203, pl. 78, fig. 24.
2002 Platycrinites burlingtonensis (Owen and Shumard); WEB-

STER, p. 1483.
2009 Platycrinites s.s. burlingtonensis (Owen and Shumard);

AUSICH AND KAMMER, p. 702.

Diagnosis.—Calyx smooth; plate sutures not pronounced; arm
facets large; tegmen low, few medium to large plates.

Material.—UMMP 74111 and two more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, New Mexico; and Osagean, lower
Burlington Limestone, Iowa.

Remarks.—Platycrinites burlingtonensis can be readily sepa-
rated from the similar Nunn Member species P. illinoisensis by
having plate sutures that are not well pronounced. The latter
species has deep grooves where the calyx plates connect, whereas
P. burlingtonensis is very smooth.

PLATYCRINITES s.s. ILLINOISENSIS (Miller and Gurley, 1896a)
Figure 13.8, 13.9

1896a Platycrinus illinoisensis MILLER AND GURLEY, p. 62, pl.
5, figs. 5–7.

1943 Platycrinites illinoisensis (Miller and Gurley); BASSLER

AND MOODEY, p. 622.
2002 Platycrinites illinoisensis (Miller and Gurley); WEB-

STER, p. 1496.
2009 Platycrinites s.l. illinoisensis (Miller and Gurley);

AUSICH AND KAMMER, p. 704.

Diagnosis.—Calyx smooth; plate sutures deeply beveled; arm
facets large; tegmen low, few large plates.

Description.—Calyx flat bowl, plates smooth. Basal circlet flat,
slight depression where column meets calyx. Radial circlet 80
percent of calyx height, plates smooth. Radial facets approxi-
mately 75 percent of distal radial width. Tegmen lower than
calyx, low inverted bowl, composed of few large, nodose plates;
orals largest with other tegmen plates slightly smaller. Anal tube
located on margin of tegmen. Primanal large. Column and arms
are unknown.

Material.—UMMP 74112 and three more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, and Apache Hill, New Mexico; and
Osagean, Burlington Limestone, Iowa, Illinois.

Remarks.—Ausich and Kammer (2009) assigned Platycrinites
illinoisensis to Platycrinites s.l. because of a lack of information
on the tegmen. Miller and Gurley (1896a) described the holotype
without any information on the tegmen. The specimens collected
in the Nunn Member match the illustrations of the Burlington
Limestone calyces perfectly, and these specimens are confidently
placed into this species. With the addition of the tegmen, which
shows the base of a broken anal tube, this species can be removed
from Platycrinites s.l. and placed in Platycrinites s.s. following
the convention of Ausich and Kammer (2009).

PLATYCRINITES s.s. PARVINODUS (Hall, 1861b)
Figure 13.6, 13.7

1861b Platycrinus parvinodus HALL, p. 17.
1897 Platycrinus parvinodus (Hall); WACHSMUTH AND SPRING-

ER, p. 696, pl. 68, fig. 6a, 6b.
1943 Platycrinites parvinodus (Hall); BASSLER AND MOODEY,

p. 624.
2002 Platycrinites parvinodus (Hall); WEBSTER, p. 1501.
2009 Platycrinites s.l. parvinodus (Hall); AUSICH AND KAMMER,

p. 704.

Diagnosis.—Calyx plates are ornamented with nodes that
radiate from arm facet to either corner of radial; sutures indistinct;
arm facets small; tegmen low to medium bowl, with few to
numerous small to medium plates.

Description.—Calyx medium bowl, plates nodose. Basal circlet
low with small nodes that cover the plates. Radial circlet
approximately 70 percent of calyx height, covered in fine nodes
that may form lines that radiate from the radial facet. Radial facet
approximately 45 percent of the distal radial width. Tegmen
lower than calyx; low to medium bowl with few to numerous
smooth plates. Anal tube located on margin of tegmen. Primanal
large. Arms and column not known.

Material.—UMMP 74113 and 22 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, North Hollow Creek, Tierra Blanca
Mountain, and Wittenberg Ranch Windmill Section, New
Mexico; and Osagean, lower Burlington Limestone, Iowa.

Remarks.—Ausich and Kammer (2009) placed this species in
Platycrinites s.l. because only the calyx has been known for this
species. The specimens collected in the Nunn Member match the
only illustration of the calyx in Wachsmuth and Springer (1897,
pl. 68, fig. 6a, 6b), so with confidence these specimens are
assigned to this species. With the addition of the tegmen and
evidence of a broken base of an anal tube, this species may be
removed from Platycrinites s.l. and placed in Platycrinities s.s.

The specimens of Platycrinites parvinodus have a wide range
of variation, although the overall characteristics remain the same.
Some specimens have more nodes that cover all of the basals and
radials instead of only distinct lines. The height of the tegmen
varies as well from nearly flat to one half the height of the calyx.
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PLATYCRINITES s.s. PECULIARIS (Wachsmuth and Springer, 1897)
Figure 13.10, 13.11

1897 Platycrinus peculiaris WACHSMUTH AND SPRINGER, p. 700,
pl. 68, fig. 7a, 7b; pl. 71, fig. 16.

1943 Platycrinites peculiaris (Wachsmuth and Springer); BASS-

LER AND MOODEY, p. 624.
2002 Platycrinites peculiaris (Wachsmuth and Springer); WEB-

STER, p. 1501.
2009 Platycrinites s.s. peculiaris (Wachsmuth and Springer);

AUSICH AND KAMMER, p. 702.

Diagnosis.—Calyx smooth; plate sutures not pronounced; arm
facets small; tegmen three-quarters the height of calyx, with
numerous small plates.

Material.—UMMP 74114 and 45 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Black Range undefined, Rock Springs,
Apache Hill, North Hollow Creek, and Wittenberg Ranch
Windmill Section, New Mexico.

Remarks.—This is the dominant species of Platycrinites in the
Nunn Member based on the collections studied. The number of
specimens includes a wide range of different sized specimens
from small (10.438.4 mm) to large (24.4318.6 mm). In his
collection, Laudon assigned at least three separate new species
names (unpublished) to the different growth stages of P.
peculiaris, but the only difference between them is the size.

PLATYCRINITES s.s. sp.
Figure 14.1, 14.2

Diagnosis.—Calyx elongate, smooth; plate sutures not pro-
nounced; arm facets large; tegmen low; plates smooth; orals
nodose

Material.—UMMP 74115 and two more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, New Mexico.
Remarks.—Three specimens of Platycrinites look unlike any

other from the Nunn Member. It is believed that these three, of
varying sizes, represent different ontogenetic stages for one
species. The tegmen is the same for all three. The two smaller
specimens have a calyx that is not quite as elongate as the larger
one. More specimens need to be found before they can be
formally described.

Genus COLLICRINUS Ausich and Kammer, 2009

Type species.—Collicrinus shumardi Ausich and Kammer,
2009, by original designation.

Diagnosis.—Calyx flat to very low cone; basal circlet low, not
visible in side view; radials lack laterally projecting neck at radial
facet; five arm openings; tegmen low inverted bowl, lower, as
high, or higher than calyx; few large-sized tegmen plates; tegmen
plates not gradational from orals to margins; anal tube from upper
margin or side of tegmen.

COLLICRINUS SHUMARDI Ausich and Kammer, 2009
Figure 14.3, 14.4

2009 Collicrinus shumardi AUSICH AND KAMMER, 2009, p. 712,
fig. 3.4–3.6.

1850 Platycrinus yandelli OWEN AND SHUMARD, p. 58, pl. 7,
fig. 6a, 6b.

1852 Platycrinus yandelli OWEN AND SHUMARD, p. 547, pl. 5a,
fig. 6a, 6b.

1897 Platycrinus yandelli Owen and Shumard; WACHSMUTH

AND SPRINGER, p. 706, pl. 66, fig. 6a; pl. 68, fig. 3a–3c.
1943 Platycrinites yandelli (Owen and Shumard,); BASSLER

AND MOODEY, p. 629.
2002 Platycrinites yandelli (Owen and Shumard); WEBSTER, p.

1513.

Diagnosis.—Calyx plates nodose to short spinose; tegmen
higher than calyx; anal tube on margin, projects upward.

Material.—UMMP 74116 and two more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined and Apache Hill, New Mexico; and
Osagean, lower Burlington Limestone, Iowa.

Remarks.—The Nunn Member specimens of Collicrinus
shumardi are not well preserved. However, the preservation is
sufficient to confidently assign this species. The calyx plates do
not have coarse sculpturing, and the anal tube projects upward
and not laterally, as with the other known member of this genus,
C. formosus (Miller and Gurley, 1895).

COLLICRINUS LAUDONI new species
Figure 14.5, 14.6

Diagnosis.—Calyx plates smooth; tegmen lower than calyx;
anal tube on margin, projects obliquely upward.

FIGURE 14.—Platycrinitidae. 1, 2, Platycrinites sp., UMMP 74115, 31.0: 1, A-ray lateral view; 2, CD interray lateral view; 3, 4, Collicrinus shumardi Ausich
and Kammer, 2009, UMMP 74116, 32.0: 3, A-ray lateral view; 4, CD interray lateral view; 5, 6, Collicrinus laudoni n. sp., UMMP 74073, 32.0: 5, A-ray lateral
view; 6, CD interray lateral view; 7, 8 Elegantocrinus canaliculatus (Hall, 1858), UMMP 74118, 32.0; 7, CD interray lateral view; 8, A-ray lateral view; 9, 10,
Elegantocrinus annosus (Miller, 1891), UMMP 74117, 31.5: 9, CD interray lateral view; 10, A-ray lateral view.
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Description.—Aboral cup flat bowl, plates smooth. Basal
circlet flat, visible in lateral view. Radial circlet 85 percent of
calyx height. Radial plates five, as wide as high and smooth.
Radial facet 80 percent width of distal radial width. Tegmen
lower than calyx; low inverted bowl, composed of large nodose
plates. Orals largest plates and other tegmen plates slightly
smaller. Primanal large. Plates surrounding primanal indistin-
guishable, but anal tube starts immediately above primanal.
Primibrachial large, axillary. Other aspects of arms and column
unknown.

Etymology.—In recognition of Dr. Lowell Laudon who
conducted some of the first extensive studies on the Lake Valley
Formation and who collected a portion of the crinoids used in this
study.

Holotype.—UMMP 74073.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill, New Mexico.
Remarks.—This species is similar to Collicrinus formosus

(Miller and Gurley, 1895) but differs in that the basals are not
within a concavity, the calyx lacks plate ornamentation, and the
anal tube opens along the margin of the tegmen, not on the side
(Table 7). Collicrinus laudoni differs from C. shumardi by having
basals that are visible in lateral view and smooth calyx plates.

Genus ELEGANTOCRINUS Ausich and Kammer, 2009

Type species.—Platycrinus hemisphaericus Meek and Worth-
en, 1865, by original designation.

Diagnosis.—Calyx low bowl to cone; basal circlet high, visible
from side view; radials lack laterally projecting neck at radial
facet; five or ten arm openings; tegmen medium to low inverted
bowl, lower than calyx; numerous medium- to small-sized plates;
plate size gradational from orals to margin; anal tube absent, anus
on side of tegmen.

ELEGANTOCRINUS ANNOSUS (Miller, 1891a)
Figure 14.9, 14.10

1891a Platycrinus annosus MILLER, p. 14, pl. 1, fig. 12.
1938 Platycrinus annosus Miller; PECK AND KEYTE, p. 90, pl.

30, figs. 6–8.
1943 Platycrinites annosus (Miller); BASSLER AND MOODEY,

p. 615.
2002 Platycrinites annosus (Miller); WEBSTER, p. 1480.
2009 Platycrinites s.l. annosus (Miller); AUSICH AND KAMMER,

p. 704.

Diagnosis.—Calyx smooth, bowl shaped; plate sutures not well
pronounced; arm facets small.

Description.—Calyx low bowl, plates smooth. Basal circlet
low, plates smooth, column facet small. Radial circlet approxi-
mately 70 percent of calyx height. Radial facets small,
approximately 50 percent of distal radial width. Tegmen flat
inverted bowl, many small nodose plates. Anal open on side of
tegmen. Arms and column not known.

Material.—UMMP 74117.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, New Mexico; and Kinderhookian,
Chouteau Limestone, Missouri.

Remarks.—Ausich and Kammer (2009) placed this species in
Platycrinites s.l. due to a lack of information on the tegmen. The
specimen from the Nunn is identical to the illustrations of the
calyx of the type material. Because the specimen lacks evidence
of an anal tube on the well-preserved tegmen, it is placed in the
genus Elegantocrinus.

ELEGANTOCRINUS CANALICULATUS (Hall, 1858)
Figure 14.7, 14.8

1858 Platycrinus canaliculatus HALL, p. 539.
1897 Platycrinus canaliculatus Hall; WACHSMUTH AND SPRING-

ER, p. 689, pl. 75, fig. 7a, 7b.
1943 Platycrinites canaliculatus (Hall); BASSLER AND MOODEY,

p. 617.
2002 Platycrinites canaliculatus (Hall); WEBSTER, p. 1484.
2009 Platycrinites s.l. canaliculatus (Hall); AUSICH AND KAMMER,

p. 704.

Diagnosis.—Calyx bowl shaped, plates contain large nodes;
basals low; plate sutures well defined; arm facets large.

Description.—Calyx low bowl, plates with few nodes. Basal
circlet flat, plates have a few nodes on them; slight depression
where column attaches. Radial circlet approximately 85 percent
of calyx height, plates with few nodes forming lines that radiate
from radial facets. Radial facets approximately 50 percent of
distal radial width. Tegmen low inverted bowl with large orals
surrounded by smaller plates. Tegmen plates nodose. Anal
opening is on side of the tegmen. Arms and column not known.

Material.—UMMP 74118 and two more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon and Tierra Blanca Mountain, New
Mexico; and Osagean, lower and upper Burlington Limestone,
Iowa.

Remarks.—Ausich and Kammer (2009) placed the species in
Platycrinites s.l. due to a lack of information on the tegmen. The
specimens from Nunn are identical to the illustrations of the calyx
of the type materials. Because the specimen lacks evidence of an
anal tube on the well-preserved tegmen, it is placed in the genus
Elegantocrinus.

ELEGANTOCRINUS NODOSTRIATUS (Wachsmuth and Springer, 1897)
Figure 15.1, 15.2

1897 Platycrinus nodo-striatus WACHSMUTH AND SPRINGER, p.
698, pl. 66, fig. 5a, 5b; pl. 70, figs. 3–4c.

1943 Platycrinites nodostriatus (Wachsmuth and Springer);
BASSLER AND MOODEY, p. 623.

1969 Platycrinites nodostriatus (Wachsmuth and Springer);
BROWER, p. 524, pl. 66, fig. 8; fig. 86, C.

2002 Platycrinites nodostriatus (Wachsmuth and Springer);
WEBSTER, p. 1499.

2009 Elegantocrinus nodostriatus (Wachsmuth and Springer),
AUSICH AND KAMMER, p. 709.

TABLE 7—Comparison of diagnostic characters of Collicrinus laudoni n. sp. with other known species of the genus.

C. shumardi C. formosus C. laudoni

Calyx flat bowl low bowl flat bowl
Basals flat, not visible in lateral view flat, within basal concavity, nodes visible

in lateral view
flat, visible in lateral view

Radials wider than high, circular to elongate nodes
crudely aligned in rows

wider than high, nodose as wide as high, smooth

Anals Anal tube on margin of upper side of
tegmen

Anal tube stout, side of tegmen, projects
outward or obliquely upward

Anal tube eccentric, projects upward

Tegmen low inverted bowl, higher than calyx;
plates large w/ short spines

as high as calyx; plates few, very convex
to nodose

low inverted bowl, lower than calyx; plate
large and nodose
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Diagnosis.—Calyx bowl shaped, plates contain very fine
nodes; plate sutures not well pronounced; arm facets small.

Material.—UMMP 74119.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill, New Mexico; Osagean, upper Burlington
Limestone, Iowa; and Osagean, Thunder Springs Member or
Mooney Falls Member of Redwall Limestone, Arizona.

Remarks.—Elegantocrinus nodostriatus is similar to E. canal-
iculatus in the shape of the theca but differs in having much
smaller nodes on the radials and having smaller arm facets.

ELEGANTOCRINUS cf. PILEIFORMIS (Hall, 1858)
Figure 15.5, 15.6

1858 Platycrinus pileiformis HALL, p. 529, pl. 8, figs. 3a–3c,
5b.

1897 Platycrinus pileiformis Hall; WACHSMUTH AND SPRINGER,
p. 656, pl. 69, fig. 5; pl. 70, fig. 13a, 13b.

1943 Platycrinites pileiformis (Hall); BASSLER AND MOODEY, p.
624.

2002 Platycrinites pileiformis (Hall); WEBSTER, p. 1502.
2009 Platycrinites s.l. pileiformis (Hall); AUSICH AND KAMMER,

p. 704.

Diagnosis.—Calyx cone shaped, plates smooth; plate sutures
not well pronounced; arm facets large.

Description.—Calyx high bowl, plates smooth. Basals high,
smooth plates. Radial circlet approximately 66 percent of the
calyx height. Radial facets approximately 60 percent of the distal
radial width. Tegmen low inverted bowl with many medium,
nodose plates. Anal opening on the side of the tegmen. Arms and
column unknown.

Material.—UMMP 74120 and five more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Marble Canyon, Black Range undefined, and Apache Hill,
New Mexico; Kinderhookian, Chouteau Limestone, Missouri;
and Osagean, lower Burlington Limestone, Iowa.

Remarks.—Ausich and Kammer (2009) placed this species in
Platycrinites s.l. due to a lack of information on the tegmen. The
specimens collected from the Nunn lack any evidence of an anal
tube on the well-preserved tegmens and are, therefore, assigned to
the genus Elegantocrinus. The upper Burlington species Ele-
gantocrinus halli (Shumard, 1865) is similar to E. pileiformis but
the differences between the two species are in the length and

number of arms, which the Nunn specimens are lacking. Because
E. pileiformis is from the lower Burlington, it is of similar age.
Therefore, these specimens best fit within this species. More
characters are needed to confidently place these specimens into E.
pileiformis and not E. halli.

ELEGANTOCRINUS POCILLIFORMIS (Hall, 1858)
Figure 15.3, 15.4

1858 Platycrinus pocilliformis HALL, p. 528, pl. 8, fig. 2a, 2b.

1897 Platycrinus pocilliformis Hall; WACHSMUTH AND SPRING-

ER, p. 706, pl. 68, fig. 2a, 2b.

1943 Platycrinites pocilliformis (Hall); BASSLER AND MOODEY,
p. 625.

2002 Platycrinites pocilliformis (Hall); WEBSTER, p. 1503.

2009 Platycrinites s.l. pocilliformis (Hall); AUSICH AND KAMMER,
p. 704.

Diagnosis.—Calyx bowl shaped, plates contain small nodes;
plate sutures moderately developed; arm facets small.

Description.—Calyx low bowl, plates smooth to slightly
nodose. Basals low, flat. Radial circlet approximately 75 percent
of the calyx height. Radial facets approximately 70 percent of the
distal radial width. Tegmen low inverted bowl, with many small
plates that are smooth and convex. Anal opening on side of
tegmen. Arms and column unknown.

Material.—UMMP 74121 and 16 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Black Range undefined, North Hollow
Creek, Hillsboro, and Tierra Blanca Mountain, New Mexico; and
Osagean, lower Burlington Limestone, Iowa.

Remarks.—Ausich and Kammer (2009) placed this species in
Platycrinites s.l. due to a lack of information on the tegmen. The
specimens from the Nunn are identical to the illustrations of the
calyx of the type material. Because the specimen lacks evidence
of an anal tube on the well-preserved tegmen, it is placed in the
genus Elegantocrinus.

Elegantocrinus pocilliformis is similar to E. nodostriatus but
the latter has much finer nodes that almost coalesce to form lines
around the edges of the plates. In E. pocilliformis the nodes,
though relatively small, are not nearly as numerous and do not
form a linear pattern.

FIGURE 15.—Platycrinitidae. 1, 2, Elegantocrinus nodostriatus (Wachsmuth and Spinger, 1897), UMMP 74119, 31.5: 1, A-ray lateral view; 2, CD interray
lateral view; 3, 4, Elegantocrinus pocilliformis (Hall, 1858), 74121, 31.5: 3, CD interray lateral view; 4, A-ray lateral view; 5, 6, Elegantocrinus pileiformis
(Hall, 1858), UMMP 74120, 31.0: 5, A-ray lateral view; 6, CD interray lateral view; 7, 8, Elegantocrinus sp. A, UMMP 74122, 31.5: 7, A-ray lateral view; 8,
CD interray lateral view; 9, 10, Elegantocrinus sp. B, UMMP 74123, 31.0: 9, A-ray lateral view; 10, CD interray lateral view; 11, Eucladocrinus pleuroviminus
(White, 1862), UMMP 74124, aboral view, 31.0; 12, Eucladocrinus sp., UMMP 74125, aboral view, 31.0.
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ELEGANTOCRINUS sp. A

Figure 15.7, 15.8

Diagnosis.—Calyx plates smooth; basals low; plate sutures
moderately developed; arm facets small.

Material.—UMMP 74122 and two more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, Apache Hill, and Wittenberg Ranch
Windmill Section, New Mexico.

Remarks.—These three specimens appear to most closely
resemble Platycrinites peculiaris with the noticeable exception
that they lack an anal tube. They also have affinity to the Western
European species Elegantocrinus externus (Wright, 1956). The
specimens are in varying states of preservation. One is crushed,
one lacks a tegmen (though the anal opening is preserved), and
the third, although whole, is degraded in such a way it is difficult
to make out its features. Because of this, these specimens are not
formally described as a new species.

ELEGANTOCRINUS sp. B

Figure 15.9, 15.10

Diagnosis.—Calyx plates nodose; basals low; plate sutures
well developed; arm facets small to medium; tegmen three-
quarters the height of calyx.

Material.—UMMP 74123 and one more specimen.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber North Hollow Creek, New Mexico.
Remarks.—Two specimens of Elegantocrinus have a higher

tegmen than the others in the Nunn Member. The tegmen is about
three-quarters the height of the calyx and inflated compared to the
other species of Elegantocrinus. The calyx most closely
resembles that of E. pocilliformis in ornamentation and shape.

GENUS EUCLADOCRINUS Meek, 1872

Type species.—Platycrinites (Eucladocrinus) montanaensis
Meek, 1872, by original designation.

Diagnosis.—Calyx low to medium bowl; basal circlet high
(rarely low), visible in side view; radials lack laterally projecting
neck at radial facet; five arm openings; arm trunks present;
tegmen flat to medium inverted bowl, lower than calyx; many
medium-sized tegmen plates; tegmen plate size not gradational
from orals to margins; anal tube absent, anus on side of tegmen.

Remarks.—The occurrence of Eucladocrinus in the Nunn
Member fills in the time gap of the genus since previous records
are from from the latest Kinderhookian (Time Unit 2) and the
upper Burlington (Time Unit 4) (Ausich and Kammer, 2006;
Table 1).

EUCLADOCRINUS PLEUROVIMENUS (White, 1862)
Figure 15.11

1862 Platycrinus pleurovimenus WHITE, p. 17.
1944 Eucladocrinus pleurovimenus (White); MOORE AND

LAUDON, p. 205, pl. 78, fig. 28.
1973 Eucladocrinus pleurovimenus (White); LAUDON, p. 31,

fig. 6.
2002 Eucladocrinus pleurovimenus (White); WEBSTER, p. 944.
1889 Eucladocrinus pleuroviminus (White) [sic]; MILLER, p.

244.
1897 Eucladocrinus pleuroviminus (White) [sic]; WACHS-

MUTH AND SPRINGER, p. 724, pl. 73, fig. 4; pl. 74, fig. 1.
1978b Eucladocrinus pleuroviminus (White, 1862) [sic];

LANE in Moore and Teichert, p. T515, fig. 317, 3.
2009 Eucladocrinus pleuroviminus (White) [sic]; AUSICH

AND KAMMER, p. 706.
1943 Eucladocrinus pleurovimineus (White) [sic]; MOORE

AND LAUDON, p. 143, pl. 14, fig. 13.

Diagnosis.—Basal circlet low, flat, barely visible in side view;
radial plates moderately spreading.

Material.—UMMP 74124 and eight more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Black Range undefined and Apache
Hill, New Mexico; and Osagean, upper Burlington Limestone,
Iowa.

Remarks.—The occurrence of Eucladocrinus pleurovimenus in
the Nunn Member extends the range of the species, its first
occurrence being slightly older than known previously.

Eucladocrinus praenuntius (Wachsmuth and Springer, 1878)
supposedly closely resembles E. pleurovimenus. However, the
single illustration of the former species is only an oral surface
(Wachsmuth and Springer, 1897, pl. 73, fig. 5). The original
description is not accompanied by an illustration, although
Webster (2002) noted that a plate does accompany a separate of
the paper in the Springer Collection at the U.S. National Museum
and that it is unknown whether that separate was widely published
or not. It is possible that E. praenuntius is a junior synonym of E.
pleurovimenus based on description alone.

EUCLADOCRINUS sp.
Figure 15.12

Diagnosis.—Basal circlet low, swollen, visible in side view;
radial plates very spreading.

Material.—UMMP 74125 and one more specimen.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Apache Hill and Wittenberg Ranch Windmill Section, New
Mexico.

Remarks.—Two specimens of Eucladocrinus are similar to E.
pleurovimenus with a low basal circlet and spreading radials, but
significant differences indicate the latter is a separate species. The
basals on E. pleurovimenus are flat, making them relatively
difficult to see in side view. Although low, the basals on
Eucladocrinus sp. are swollen, making them visible in side view.
The radials are also wider than those on E. pleurovimenus. These
differences make it different from E. pleurovimenus but other
characters are needed to describe a new species.

Genus OENOCHOACRINUS Breimer, 1962

Type species.—Oenochoacrinus princeps Breimer, 1962, by
original designation.

Diagnosis.—Calyx low to medium bowl, or expanding with
concave sides; basal circlet high, visible in side view; radials lack
laterally projecting neck at radial facet; ten arm openings; tegmen
flat to low cone, lower than calyx; fifteen to few tegmen plates,
ten small- or five medium-sized plates and five large-sized plates;
tegmen plate size not gradational from orals to margins; anal tube
absent, anus on side of tegmen.

Remarks.—The tegmen of the Mississippian species of
Oenochoacrinus have more plates than the Devonian species.
The tegmen of O. limbus and O. cortina both resemble the tegmen
of O. pileatus (Breimer, 1962, fig. 30) except that the medium-
sized plates on the tegmen margin are two small-sized plates. As
this is the only difference, it is not necessary to erect a new genus.

OENOCHOACRINUS LIMBUS Webster and Lane, 1987
Figure 16.1, 16.2

1987 Oenochoacrinus limbus WEBSTER AND LANE, p. 41, figs.
11, 12–23.

2002 Oenochoacrinus limbus Webster and Lane; WEBSTER, p.
1329.

2009 Oenochoacrinus limbus Webster and Lane; AUSICH AND

KAMMER, p. 707.

Diagnosis.—Calyx medium bowl; basal circlet high with
flange; radial facets small.
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Material.—UMMP 74126 and 19 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon and Apache Hill, New Mexico; and
Osagean, Anchor Limestone, Nevada.

Remarks.—Although the description of the genus includes the
statement that there are at most ten plates in the tegmen, none of
the specimens of Oenochoacrinus from the Nunn Member have
that few. Most of the specimens have fifteen plates: five large
orals in the center of the tegmen surrounded by ten medium sized
plates over the arm facets. This is the same pattern in the
illustrations of O. limbus in Webster and Lane (1987). Two
specimens have 20 plates in the tegmen. The pattern is the same
as in the 15-plated specimens, only with the addition of five small
plates between the large orals and the medium plates.

OENOCHOACRINUS CORTINA (Miller and Gurley, 1894)
Figure 16.3, 16.4

1894 Platycrinus cortina MILLER AND GURLEY, p. 40, pl. 3,
figs. 15, 16.

1938 Platycrinus cortina Miller and Gurley; PECK AND KEYTE,
p. 97, pl. 30, figs. 9, 10.

2009 Platycrinites s.l. cortina (Miller and Gurley); AUSICH AND

KAMMER, p. 704.

Diagnosis.—Calyx expanding cone with concave sides; basals
high, no flange; radial facets one-half size as radial.

Description.—Calyx expanding cone with smooth plates.
Basals high, slightly constricted at distal end. Radial circlet
approximately 55 percent of calyx height. Radial facet approx-
imately 70 percent of distal radial width. Tegmen low inverted
bowl with five large orals and ten smaller plates that are over the
arm facets as with most of the specimens of Oenochoacrinus
limbus. Anal opening on the side of the tegmen. Arms and column
not known.

Material.—UMMP 74127.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, New Mexico; and Osagean, Sedalia,
Missouri.

Remarks.—Ausich and Kammer (2009) placed Platycrinites
cortina in Platycrinites s.l. because of poor specimen preservation
with only an incomplete tegmen. They noted that it most likely
belongs to either Oenochoacrinus or Pleurocrinus but tegmen
characteristics must be known before it can be assigned to either.
The single specimen in the Lake Valley collection has a calyx that
greatly resembles the diagram of Peck and Keyte (1938, pl. 30,
figs. 9, 10) with a tegmen that matches the 15-plated specimens of
Oenochoacrinus limbus also in the Nunn Member.

There is some confusion as to the age of Oenochoacrinus
cortina as it is reported in the literature as being from the
Chouteau Limestone at Sedalia, Missouri, although it is most
likely from the Burlington Limestone. Gahn and Kammer (2002,
p. 127) address the issue of crinoids collected from Sedalia and
their probable age.

Genus PLEMNOCRINUS Kirk, 1946

Type species.—Plemnocrinus beebei Kirk, 1946, by original
designation.

Diagnosis.—Calyx low to flat cone or bowl; basal circlet low,
usually not visible in side view; radials have laterally projecting
neck at radial facet; five arm openings; tegmen flat cone to
inverted bowl, lower than calyx; many medium- to large-sized
tegmen plates; tegmen plate size gradational from orals to abaxial
margins; anal tube absent, anus on upper margin of tegmen.

PLEMNOCRINUS BULLATUS KIRK, 1946
FIGURE 16.5, 16.6

1946 Plemnocrinus bullatus KIRK, p. 437, pl. 65, fig. 1.
2002 Plemnocrinus bullatus Kirk; WEBSTER, p. 1538.

FIGURE 16.—Platycrinitidae. 1, 2, Oenochoacrinus limbus Webster and Lane, 1987, UMMP 74126, 31.5: 1, CD interray lateral view; 2, A-ray lateral view; 3,
4, Oenochoacrinus cortina (Miller and Gurley, 1894), UMMP 74127, 32.0: 3, A-ray lateral view; 4, CD interray lateral view; 5, 6, Plemnocrinus bullatus Kirk,
1946, UMMP 74128,31.5: 5, A-ray lateral view; 6, CD interray lateral view; 7, 8, Plemnocrinus homalus Kirk, 1946, UMMP 74129,31.5: 7, A-ray lateral view;
8, CD interray lateral view; 9, 10, Plemnocrinus subpinosus (Hall, 1858), UMMP 74130, 31.5: 9, A-ray lateral view; 10, CD interray lateral view; 11, 12,
Pleurocrinus quiquenodus (White, 1862), UMMP 74131, 31.5: 11, A-ray lateral view; 12, CD interray lateral view; 13, 14, Pleurocrinus sp., UMMP 74132,
31.0: 13, CD interray lateral view; 14, A-ray lateral view.
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2009 Plemnocrinus bullatus Kirk; AUSICH AND KAMMER, p. 707.

Diagnosis.—Calyx bowl shaped; basals protuberant, visible in
lateral view; tegmen lower than calyx, plates nodose.

Material.—UMMP 74128 (x1) and 146 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Tierra Blanca Mountain, Black Range
undefined, Apache Hill, Rocks Springs, North Hollow Creek,
Percha Creek, Wittenberg Ranch Windmill Section, and Cooks
Range, New Mexico; and Osagean, Burlington Limestone, Iowa.

Remarks.—Kirk (1946) described the tegmen of Plemnocrinus
bullatus as high and domed, but this is not conveyed through the
specimens in the Springer Collection that Kirk mentioned in his
paper. The tegmens of P. bullatus are not high, but low, and do
not exceed the height of the calyx.

PLEMNOCRINUS HOMALUS Kirk, 1946
Figure 16.7, 16.8

1946 Plemnocrinus homalus KIRK, p. 439, pl. 66, figs. 1–6.
2002 Plemnocrinus homalus Kirk; WEBSTER, p. 1539.
2009 Plemnocrinus homalus Kirk; AUSICH AND KAMMER p. 707.

Diagnosis.—Calyx flat; basals not visible in lateral view;
tegmen slightly higher than calyx, plates spinose.

Material.—UMMP 74129 (x1) and 371 more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, San Andres Canyon, Tierra Blanca
Mountain, Black Range undefined, Rock Springs, Apache Hill,
between North Percha Creek and Mineral Creek, Percha Creek
Fork, Percha Creek, North Hollow Creek, and Wittenberg Ranch
Windmill Section, New Mexico; and Osagean, Burlington
Limestone, Iowa.

Remarks.—The two species of Plemnocrinus that make up the
majority of specimens in the genus in the Nunn Member (P.
bullatus and P. homalus) may be two morphotypes of the same
species. The tegmens are identical. The difference between the
two species is the shape of the calyx, with P. homalus having a
flat calyx and P. bullatus having a bowl shaped calyx. It could be
a question of variation within one species. However, until further
investigation can be done, the two will be retained as separate
species.

PLEMNOCRINUS SUBSPINOSUS (Hall, 1858)
Figure 16.9, 16.10

1858 Platycrinus subspinosus HALL, p. 536, pl. 8, figs. 9, 10.
1897 Platycrinus subspinosus Hall; WACHSMUTH AND SPRING-

ER, p. 717, pl. 66, fig. 9a, 9b.
1866a Platycrinus (Pleurocrinus) subspinosus MEEK AND

WORTHEN, p. 173, pl. 15, fig. 6.
1873 Platycrinites subspinosus (Hall); MEEK AND WORTHEN,

p. 452, pl. 11, fig. 2.
1946 Plemnocrinus subspinosus (Hall); KIRK, p. 440.
2002 Plemnocrinus subspinosus (Hall); WEBSTER, p. 1539.
2009 Plemnocrinus subspinosus (Hall); AUSICH AND KAM-

MER, p. 707.

Diagnosis.—Calyx flat; basals not visible in lateral view;
tegmen domed, much higher than calyx, plates nodose or spinose;
ambulacral plates differentiated.

Material.—UMMP 74130 and three more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined and Apache Hill, New Mexico; and
Osagean, lower Burlington Limestone, Iowa.

Remarks.—A distinct gradation exists in the few specimens of
Plemnocrinus subspinosus in the collections studied. The smallest
specimen looks exactly like the one figured in Wachsmuth and
Springer (1897, pl. 66, fig. 9b) whereas the largest only resembles
it. The tegmen on the largest specimen is nearly three times higher

than the calyx on the smallest specimen with a tegmen only 1.5
times higher. The sides of the tegmen are also nearly vertical in the
largest specimen whereas the tegmen sides of the smallest
specimen is more convex. However, the two medium-sized
specimens are intermediate between the others. The largest
specimen of Plemnocrinus subspinosus resembles Laticrinus
oweni Ausich and Kammer (2009) as figured in Wachsmuth and
Springer (1897, pl. 66, fig. 10b, 10c), except that P. subspinosus
has a radial plate with a projecting neck, whereas L. oweni does not.

Genus PLEUROCRINUS Austin and Austin, 1843

Type species.—Pleurocrinus mucronatus Austin in Austin and
Austin, 1843, by original designation.

Diagnosis.—Calyx low bowl or expanding with concave sides;
basal circlet high, visible in side view; radials without laterally
projecting neck at radial facet; five arm openings; tegmen flat
inverted bowl, lower than calyx; five distinct large orals
surrounded by few to relatively numerous small tegmen plates,
small- and large-sized tegmen plates; tegmen plate size not
gradational from orals to abaxial margins; anal tube absent, anus
on upper margin of tegmen.

PLEUROCRINUS QUINQUENODUS (White, 1862)
Figure 16.11, 16.12

1862 Platycrinus quinquenodus WHITE, p. 18.
1897 Platycrinus quinquenodus White; WACHSMUTH AND SPRING-

ER, p. 661, pl. 71, fig. 14a–14c.
1943 Platycrinites quinquenodus (White); BASSLER AND MOO-

DEY, p. 625.
1944 Platycrinites quinquenodus (White); MOORE AND LAU-

DON, p. 203, pl. 78, fig. 19.
2002 Pleurocrinus quinquenodus (White); WEBSTER, p. 1504.
2009 Pleurocrinus quinquenodus (White); AUSICH AND KAM-

MER, p. 706.

Diagnosis.—Calyx low bowl; basals low; tegmen low inverted
bowl, few to many medium-sized plates.

Material.—UMMP 74131 and six more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Indian Wells Canyon, Marble Canyon, Black Range
undefined, Tierra Blanca Mountain, and Apache Hill, New
Mexico; and Osagean, upper Burlington Limestone, Iowa.

Remarks.—The discovery of Pleurocrinus quinquenodus in the
Nunn Member extends the range of this species downward from
the upper Burlington Limestone.

PLEUROCRINUS sp.
Figure 16.13, 16.14

Diagnosis.—Calyx medium bowl; basals high.
Material.—UMMP 74132 and three more specimens.
Occurrence.—Osagean, Lake Valley Formation, Nunn Mem-

ber Black Range undefined, New Mexico.
Remarks.—Although they are similar to the Western European

species of Pleurocrins tuberculatus (Miller, 1821) and P.
bellmanensis (Wright, 1942) with a straight sided calyx, the
Lake Valley specimens are so poorly preserved it is not possible
to designate a new species. These specimens look nothing like
either of the known North American species.
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de paléontologie, vol. 3. Masson andCie, Paris.

UBAGHS G. 1978a. Skeletal Morphology of Fossil Crinoids, p. T59–T216. In R.
C. Moore and K. Teichert (eds.), Treatise on Invertebrate Paleontology,
Echinodermata, Vol. 1, Pt. T. Geological Society of America and University
of Kansas Press, Boulder, Colorado and Lawrence, Kansas.

UBAGHS G. 1978b. Camerata, p. T408–T519. In R. C. Moore and K. Teichert
(eds.), Treatise on Invertebrate Paleontology, Echinodermata, Vol. 2, Pt. T.
Geological Society of America and University of Kansas Press, Boulder,
Colorado and Lawrence, Kansas.

WACHSMUTH, C. AND F. SPRINGER. 1878. Transition-forms in crinoids and
descriptions of five new species. Proceedings of the Academy of Natural
Sciences of Philadelphia, 29:224–266.

WACHSMUTH, C. AND F. SPRINGER. 1880–1886. Revision of the Palaeocrinoidea.
Proceedings of the Academy of Natural Sciences of Philadelphia Pt. I. The
families Ichthyocrinidae and Cyathocrinidae (1880):226–378, (separate
repaged p. 1–153); Pt. II. Family Sphaeroidocrinidae, with the sub-families
Platycrinidae, Rhodocrinidae, and Actinocrinidae (1881):177–411 (separate
repaged, p. 1–237); Pt. III, Sec. 1. Discussion of the classification and
relations of the brachiate crinoids, and conclusion of the generic
descriptions (1885):225–364 (separate repaged, p. 1–138); Pt. III, Sec. 2.
Discussion of the classification and relations of the brachiate crinoids, and
conclusion of the generic descriptions (1886):64–226 (separate repaged to
continue with section 1, 139–302).

WACHSMUTH, C. AND F. SPRINGER. 1889. Actinocrinites nodobrachiatus, p. 219.
In S. A. Miller (ed.), North American Geology and Paleontology.
Cincinnati, Western Methodist Book Concern, 664 p.

WACHSMUTH, C. AND F. SPRINGER. 1890. New species of crinoids and blastoids from
the Kinderhook Group of the Lower Carboniferous rocks at LeGrand, Iowa, and
a new genus from the Niagaran Group of Western Tennessee. Illinois
Geological Survey, vol. 8, pt. 2, Palaeontology of Illinois, sec. 2, p. 155–206.

RHENBERG AND KAMMER—CAMERATE CRINOIDS FROM OSAGEAN OF NEW MEXICO 339



WACHSMUTH, C. AND F. SPRINGER. 1897. The North American Crinoidea
Camerata. Harvard College Museum of Comparative Zoology Memoirs 20
and 21, 897 p.

WEBSTER, G. D. 2002. Bibliography and index of Paleozoic crinoids,
coronates, and hemistreptocrinoids 1758–1999. Geological Society of
America Special Paper 363, 2335 p. (Online)

WEBSTER, G. D. AND N. G. LANE. 1987. Crinoids from the Anchor Limestone
(Lower Mississippian) of the Monte Cristo Group Southern Nevada.
University of Kansas Paleontological Contributions Paper 119, 55 p.

WHITE, C. A. 1862. Description of new species of fossils from the Devonian
and Carboniferous rocks of the Mississippi Valley. Boston Society of
Natural History Journal, 9:8–33.

WITZKE B. J. AND B. J. BUNKER. 2002. Bedrock geology in the Burlington area,
southeast Iowa. Iowa Department of Natural Resources Guidebook. 23:53–74.

WRIGHT, J. 1942. New British Carboniferous crinoids. Geological Magazine,
79:269–283.

WRIGHT, J. 1950–1960. The British Carboniferous Crinoidea. Palaeonto-
graphical Society, Monograph, 1(1):1–24, 1950; 1(2):25–46, 1951a;
1(3):47–102, 1951b; 1(4):103–148, 1952a; 1(5):149–190,1954a; 2(1):191–

254, 1955a; 2(2):255–272, 1955b; 2(3):273–306, 1956b; 2(4):307–
328,1958; 2(5):329–347 1960.

ACCEPTED 23 OCTOBER 2012

340 JOURNAL OF PALEONTOLOGY, V. 87, NO. 2, 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


