33

ORDOVICIAN PHACOPID TRILOBITES

FROM KENTUCKY

DAVID FINE

3785 Forest Green Dr., Lexington, Kentucky 40517

ABSTRACT
Four Ordovician phacopid trilobites, Ceraurinus icarus (Billings), Ceraurus ruidus Cooper, Ceraurus milleranus Miller and Gurley, and Eomonorachus bufo n. sp., are recorded from Kentucky for the first time. Taxonomic revisions are proposed for other phacopid trilobites. Gravicalymene sp. 4 and G.? sp. 5 of Ross, 1967, Flexicalymene granulosa (Foerste) of Ludvigsen (1979a), and Flexicalymene aff F. granulosa (Foerste) of Hughes and Cooper (1999) are synonymized with Gravicalymene granulosa (Foerste, 1909). Gravicalymene truncatus Ross, 1979 is referred to Gravicalymene abbreviata (Foerste, 1910). Achatella carleyi (Meek, 1872) and A. carleyi rogersensis (Foerste, 1910) are synonymized with A. achates (Billings, 1860). The pygidium of Sceptaspis confluens (Foerste, 1919) is described and the species removed from synonymy with S. lincolnensis (Branson, 1909). A review of the scientific literature describing Kentucky’s Ordovician trilobites precedes the systematic descriptions.

INTRODUCTION

Three Ordovician phacopid trilobites, previously known from other geographical areas, Ceraurinus icarus (Billings), Ceraurus ruidus Cooper, C. milleranus Miller and Gurley, and Eomonorachus bufo n. sp., are described from Kentucky for the first time. Taxonomic revisions are proposed for several other phacopid trilobites. Gravicalymene sp. 4 Ross, 1967, Gravicalymene? sp. 5 Ross, 1967, Flexicalymene granulosa (Foerste) of Ludvigsen (1979a) and possibly Flexicalymene aff F. granulosa (Foerste) of Hughes and Cooper (1999) are synonymized with Gravicalymene granulosa (Foerste, 1909). Gravicalymene truncatus (Ross, 1979) is a junior synonym of G. abbreviata (Foerste, 1910). Achatella carleyi (Meek, 1872) from the Cincinnati area and A. carleyi rogersensis (Foerste, 1910) from central Kentucky are junior synonyms of A. achates (Billings, 1860). The pygidium of Sceptaspis confluens (Foerste, 1919) is described, and the species is removed from synonymy with S. lincolnensis (Branson, 1909). Trilobites collected in this study were found at various Ordovician localities and horizons in Kentucky. This information is summarized in Figure 1. The Cincinnati Museum Center’s Accession Numbers for material collected in this study are provided in Appendix 1. Detailed site information is given in Appendix 2. A brief review of the literature describing Kentucky’s Ordovician trilobites precedes the systematic descriptions, to both serve as a resource and to verify the unique occurrences described in this paper. Currently valid taxonomic classifications are indicated in brackets when known. 
PRIOR RESEARCH ON KENTUCKY TRILOBITES

Very little has been written previously about the Ordovician trilobites of Kentucky. In 1878, the paleontologist Edward Oscar Ulrich described and illustrated Trinucleus bellulus [Cryptolithus tesselatus Green; see Shaw and Lespérance, 1994] from the “lower part of the Cincinnati Group, back of Covington, Ky., at an elevation of 100 feet above low water mark at Cincinnati” (Ulrich, 1878, p. 100).

In a paper written in 1909, August Frederick Foerste listed the Eden fauna of Kentucky, including “Trinucleus concentricus [Cryptolithus tesselatus Green], a species of Ceraurus [tentatively C. milleranus Miller and Gurley, below]” (Foerste, 1909, p. 293), and “one of Acidaspis belonging to the Acidaspis anchoralis group” (Foerste, 1909, p. 293). He also described a new species of trilobite, Calymmene (sic) callicephala-granulosa [Gravicalymene granulosa (Foerste), below].  

In 1910, Foerste mentioned the Triarthrus becki horizon at West Covington, Kentucky; discussed the occurrences of Cryptolithus tessallatus Green in Kentucky; and described and photographed Calymene abbreviata [Gravicalymene abbreviata (Foerste), below] from the Edenian Stage of Scott County, Kentucky. Foerste also described, but did not illustrate, Dalmanites carleyi-rogersensis [Achatella achates (Billings), below] from the Eden of Scott and Madison counties, Kentucky.

In “The Rogers Gap fauna of central Kentucky” (1914), Foerste asked Dr. Ulrich to prepare descriptions of Isotelus benjamini and I. covingtonensis. Line drawings of these cranidia as well as that of I. gigas DeKay were provided, and the free cheek of I. benjamini was also photographed. The validity of these new species of Isotelus is unknown. Foerste further discussed Trinucleus concentricus [Cryptolithus tessellatus Green]; Proetus sp.; Dalmanites achates Billings [p. 147, but also designated Dalmanites cf. achates on p. 116; Achatella achates (Billings), below]; Acidaspis sp.; Ceraurus sp. [C. milleranus Miller and Gurley, below]; Calymene sp.; and Calymene abbreviata [Gravicalymene abbreviata (Foerste), below]. The author also mentioned that Calymene meeki [Flexicalymene meeki (Foerste)] is found in Kentucky. Dalmanites achates [Achatella achates (Billings), below] and Calymene sp. were illustrated. 

Charles Butts (1915) listed Calymene meeki (Foerste) [Flexicalymene meeki (Foerste)] and Isotelus gigas (Dekay) (sic) from the Arnheim Formation of Jefferson County.

Foerste (1919c) described and illustrated Proetus cf undulostriatus (Hall) [assigned in museum collections to both Proetus and Cyphaspis; see Brett et al (1999)]; Pterygometopus confluens Foerste [Sceptaspis confluens (Foerste), below]; and Pterygometopus carleyi-rogersensis (Foerste) [Achatella achates (Billings), below]. 
In a paper on fossils from northeastern Missouri, Foerste contrasted Pterygometopus confluens Foerste [Sceptaspis confluens (Foerste), below] with “Pterygometopus cf lincolnensis Branson” (Foerste, 1919a, p. 220). 

In a third study published in the same year, Foerste re-described and illustrated Calymene abbreviata [Gravicalymene abbreviata (Foerste), below] based on specimens from the “Rogers Gap member of the Cynthiana formation” (Foerste, 1919b, p. 75). Foerste collected this trilobite in Scott County and also on the Ohio River east of Carnestown (shown today on maps as Carntown, in Pendleton County, Kentucky) in beds below those containing Triarthrus becki.   

Arthur McQuiston Miller (also in 1919) discussed the Trinucleus concentricus Bed – the basal bed of the Eden Formation in the Bluegrass Region, characterized by “comminuted fragments of…the trilobite Trinucleus concentricus [Cryptolithus tessellatus Green]” (A. M. Miller, 1919, p. 34). 

In 1920, in an article in the American Journal of Science, Foerste stated that although “(n)o Lichadidae have been recorded from central or southern Kentucky,…Lichas halli undoubtedly occur also on the Kentucky side of the Ohio river” (Foerste, 1920, p. 37). This species, which has since been found in this state, has been referred both to Platylichas (Ross, 1979) and Amphilichas (Babcock in Feldman, 1996).

Foerste’s memoir of 1924 contained descriptions and photographs of the Kentucky trilobites Cryptolithus tesselatus [sic] Green, C. bellulus (Ulrich), and C. recurvus Ulrich. [Hughes et al (1975) synonymized Cryptolithus recurvus Ulrich with C. bellulus (Ulrich); Shaw and Lespérance (1994, p. 809) assigned “all other eastern cryptolithines to morph status,” including C. bellulus, to C. tessellatus Green.]. The phacopids Calymene granulosa [Gravicalymene granulosa (Foerste), below], C. meeki Foerste [Flexicalymene meeki (Foerste)], and C. retrorsa Foerste [Flexicalymene retrorsa (Foerste)] were also discussed and illustrated.   

Arthur Crane McFarlan, in “The Ordovician fauna” (contained in W. R. Jillson’s The Paleontology of Kentucky, 1931), described Cryptolithus tessalatus [sic] Green, Triarthrus becki (Eaton), Isotelus gigas DeKay, and I. maximus Locke. Photographs of Cryptolithus tessalatus and Triarthrus becki accompanied the article.

In 1935, David M. Delo erected the genus Achatella based on the “(g)enotype, Dalmanites achates Billings, 1860 (p. 63, fig. 9). Pterygometopus achates Foerste, 1919 (p. 397, pl. 19, figs. 8, 18a)” (Delo, 1935, p. 416). Foerste’s fig. 18a is a photograph of the holotype of Pterygometopus carleyi-rogersensis (Foerste) [Achates achates (Billings), below], collected “five miles north of Rogers Gap, Kentucky, along the railroad” (Foerste, 1919b, from the explanation to the illustrations in plate 19).

A paper written by R. R. Shrock and W. H. Twenhofel (1939) on fossils of northern Newfoundland stated that Isotelus maximus Locke is also found in the Liberty formation and upper Waynesville in parts of Ohio, Indiana, and Kentucky. 

In his 1940 paper on phacopid trilobites, Delo recognized Achatella carleyi var. rogersensis (Foerste) [Achatella achates (Billings), below], and reprinted Foerste’s original photograph of the holotype from Scott County, Kentucky. Delo also discussed and illustrated Calyptaulax confluens (Foerste) [Sceptaspis confluens (Foerste) below].

R. J. Ross, Jr. identified a calymenid pygidium, Flexicalymene sp., Isotelus? sp., and Proetus? sp. from the Clays Ferry Formation (Table 1, p. B12, in Weir and Greene, 1965).

John H. Peck (1966) mentioned that trilobites occurred locally in the Upper Ordovician Grant Lake Limestone in the vicinity of Maysville, Kentucky.   

In “Calymenid and other Ordovician trilobites from Kentucky and Ohio,” Ross (1967) described and illustrated Isotelus gigas Dekay (sic); Bathyurus? sp.; three (unnamed) species belonging to the genus Proetidella (referred to Decoroproetus by Ross in 1979); Gravicalymene hagani Ross, G.? sp. 1, G. sp. 2, G. sp. 3, G. sp. 4, and G.? sp. 5; Flexicalymene cf F. retrorsa (Foerste), and F. griphus Ross; and Acidaspis sp. Gravicalymene sp. 4 and G.? sp. 5 are referred to Gravicalymene granulosa (Foerste), below.

Ross’ figure 2 (1967, p. B4-B5) is titled “Stratigraphic sections from which trilobites have been collected in Middle Ordovician strata of Kentucky.” A point on this figure indicates that a fossil collection, D 1220 CO, was made in the Curdsville Limestone Member. This collection was said to contain the trilobites Raymondites cf R. ingalli (Raymond) and Callyptaulax (sic) aff. C. strasburgensis. Enigmatically, 1) the locality register (Pojeta, 1979) does not include a number of sites depicted in Figure 2, including “D 1220 CO”; and 2) Ross makes no further mention of these trilobites in either his 1967 or 1979 papers. “Callyptaulax aff. C. strasburgensis”, which was not illustrated, is referred to Eomonorachus bufo n. sp. below.

  
H. B. Whittington (1968) stated that Cryptolithus bellulus (Ulrich) [C. tessellatus Green] was “typical of the Eden of the Cincinnati area and adjacent Kentucky” (Whittington, 1968, p. 712).


In 1973, E. R. Cressman listed the fauna identified in the Lexington Limestone of central Kentucky, including the trilobites Calyptaulax cf. C. strasburgensis (Cooper) and Raymondites cf. R. ingalli (Raymond) from the Curdsville Limestone Member. [G. A. Cooper erected the genus Calyptaulax (1930) but the species C. strasburgensis was actually named by Ulrich and Delo (in Delo, 1940)]. “Calyptaulax cf. C. strasburgensis (Cooper)” was not described or illustrated but is referred to Eomonorachus bufo n. sp. in this paper. Cressman mentioned Flexicalymene sp., Gravicalymene sp., Isotelus gigas Dekay (sic), and Proetidella? sp. from the Grier Limestone Member; and Flexicalymene sp. and Proetidella sp. from the Macedonia Bed of the Grier. The Stamping Ground Member contained Proetidella? sp., while Flexicalymene? sp., Isotelus sp., Proetidella? sp. and Proetus? sp. were found in the Tanglewood Limestone Member. Nine trilobites were mentioned from the Clays Ferry Formation: Acidaspis sp., Ceraurus? sp. [tentatively C. milleranus Miller and Gurley, below], Cryptolithus? sp., Flexicalymene griphus Ross, Gravicalymene? sp., Gravicalymene sp., Isotelus? sp., Isotelus sp., and Proetidella sp. Cressman did not describe or illustrate the trilobites.


Fossil collections made while studying the Strodes Creek Member of the Lexington Limestone (Black and Cuppels, 1973) included Gravicalymene cf. G. hagani Ross (Millersburg Member of the Lexington Limestone), an indeterminate calymenid (Strodes Creek Member), and Isotelus sp. from the Clays Ferry Formation.   
In “Additional trilobites from the Ordovician of Kentucky”, Ross (1979) described and illustrated Triarthrus eatoni (Hall); two unnamed species of Decoroproetus; Isotelus gigas DeKay and a megalaspid (?) pygidium; a cybelinid cranidium; Gravicalymene hagani Ross and G. truncatus Ross [G. abbreviata (Foerste), below]; Flexicalymene sp.; Platylichas halli (Foerste) [alternatively referred to Amphilichas (Babcock in Feldmann, 1996)]; Primaspis trentonensis (Hall) and two other unnamed species belonging to this genus; and two unnamed species of the genus Acidaspis. 

In 1982, Ludvigsen and Chatterton, in their study of the Pterygometopidae of North America, erected the new genus Sceptaspis and synonymized Pterygometopus confluens Foerste (1919b) from “Kentucky: Tyrone Limestone, Rocklandian” (Ludvigsen and Chatterton, 1982, p. 2196) with Sceptaspis lincolnensis (Branson). Sceptaspis confluens is removed from synonymy with S. lincolnensis below.


Shaw and Lespérance (1994) demonstrated that all previously recognized Kentucky Cryptolithus were morphs of the species C. tesselatus Green.


Most recently, Hughes and Cooper (1999) described a Flexicalymene aff F. granulosa (Foerste) [referred to Gravicalymene granulosa (Foerste), below] trilobite cluster from the Covington area, which included Ceraurus sp. and “an odontopleurid… comparable to Primaspis crosotus (Locke, 1843)…and Primaspis species x (Ross et al, 1979)” (Hughes and Cooper, 1999, p. 308). [The “Primaspis species x” reference should be to (Ross, 1979).] Cryptolithus and Isotelus were mentioned as well.  
SYSTEMATIC PALEONTOLOGY

Order PHACOPIDA Salter, 1864

Suborder CHEIRURINA Harrington and Leanza, 1957

Family CHEIRURIDAE Salter, 1864

Subfamily CHEIRURINAE Salter, 1864

Genus CERAURINUS Barton, 1913

Ceraurinus icarus (Billings, 1860)

(Plate. 1, Fig. 1)

Cheirurus icarus BILLINGS, 1860, p. 67, fig. 11. [Listed incorrectly by Bassler (1915, p. 200) as p. 67, fig. 2].
Ceraurus icarus (Billings); MEEK, 1873, p. 162, pl. 14, figs. 11a-c.
Ceraurinus icarus (Billings); BARTON, 1913, p. 551, unnumbered plate, fig. 7; BASSLER, 1915, p. 200; LUDVIGSEN, 1977, p. 966, pl. 2, figs. 3-10, text-fig. 2B; LUDVIGSEN, 1979a, p. 54, fig. 35c; BABCOCK, 1996,  p. 93, 94, 95, 102, fig. 8-1.6, fig. 8-1.7.
See Bassler (1915, p. 200) and Ludvigsen (1977, p. 966) for additional references. Classification of trilobites discussed in this paper follows Harrington (1981) and others, where specified.   

   Diagnosis.—Ceraurinus icarus is “(a) species of Ceraurinus with an isolated basal glabellar lobe; palpebral lobe is located close to the axial furrow…” (Ludvigsen, 1977, p. 966). The basal glabellar lobe is isolated by the 1s lateral glabellar furrow, which curves posteriorly to join the occipital furrow. In other species of Ceraurinus, the 1s lateral glabellar furrow terminates at the axial furrow. 
   Material examined.—One cranidium (Fig. 1.1), CMC-P50417, was examined and contrasted with previously published illustrations.

  Occurrence.—The cranidium was found in Jefferson County, Kentucky (Site 1). The outcrop is in the Bardstown Member of the Drakes Formation (formerly Liberty Formation), Richmondian Stage, Upper Ordovician.
  Discussion.—Ludvigsen cited occurrences of this trilobite from several localities in Canada, as well as “the Cincinnatian Series in the Ohio-Indiana-Iowa area” (Ludvigsen, 1977, p. 969). The species is found throughout the Richmondian and part of the Maysvillian stages.

Genus CERAURUS Green, 1832

Ceraurus ruidus Cooper, 1953

(Plate. 1, Figs. 2-4)

Ceraurus ruidus COOPER, 1953, p. 27, pl. 11, figs. 1, 2, 4, 12, 15, pl. 12, fig. 6; SHAW, 1974, p. 29, pl. 7, figs. 1-10, 14, 15; LUDVIGSEN, 1979b, p. 27, 29, fig. 15; LESPÉRANCE AND DESBIENS, 1995, p. 6, 7, fig. 2.

Ceraurus breviceps COOPER, 1953, p. 28, pl. 11, figs. 8, 10, 11, 13.

Ceraurus convexus COOPER, 1953, p. 28, pl. 11, fig. 3.

Ceraurus (Eoceraurus) trapezoidalis ESKER, 1964, p. 201, pl. 11, fig. 1-4.
See Shaw (1974, p. 29) and Lespérance and Desbiens (1995, p. 5) for other possible synonymies and clarification of the taxonomic relationships of species within Ceraurus and closely related genera.

   Diagnosis.—When Cooper initially described Ceraurus ruidus, he observed that it was “closely allied to Ceraurus pleurexanthemus Green” (Cooper, 1953, p. 27) but did not differentiate between the species. 

Shaw (1974, p. 30) noted taxonomic criteria that could be used to distinguish Ceraurus ruidus from the younger, similar species C. pleurexanthemus and C. whittingtoni Evitt. Ceraurus ruidus and C. pleurexanthemus are characterized by rounded genal spines; those of C. whittingtoni are flat in cross section. Large tubercles on the glabella of Ceraurus ruidus are irregularly arranged, while those of C. pleurexanthemus are in two rows. The genal and pygidial spines of Ceraurus ruidus are reportedly shorter than those of C. pleurexanthemus.  However, the genal spines of large examples of Ceraurus ruidus, figured by Cooper (1953, pl. 11, fig. 2, fig. 15) and Shaw (1974, pl. 7, fig. 1, fig. 5), appear to be longer than the genal spines of the type specimen of C. pleurexanthemus (Evitt, 1953, pl. 5, fig. 1). 

  Description.—Genal spines of the Kentucky trilobites are rounded in cross section, rather than flattened (Pl. 1, fig. 2); the large tubercles on the glabella are irregularly dispersed, and not arranged in two rows. The faintly granulated librigena, with eye partly preserved, is shown in Plate 2, figure 3. The pygidium (Pl. 1, Fig. 4) is indistinguishable from Ceraurus ruidus as figured by Cooper (1953) and Shaw (1974). 
   Material examined.—A partial cephalon (Site 2) (Pl. 1, Fig. 2), CMC-P50418; a librigena (Site 3) (Pl. 1, Fig. 3), CMC-P50419; a pygidium (Site 3) (Pl. 1, Fig. 4), CMC-P50420; and a cranidium (Site 2) CMC-P50421; were esamined and compared with previously published illustrations.

  Occurrence.—This trilobite was found at two Middle Ordovician localities in central Kentucky, in Jessamine (Site 2) and Garrard (Site 3) counties. The Camp Nelson Limestone of the High Bridge Group at Site 2 belongs to the Blackriveran Stage, while the Curdsville Limestone Member of the Lexington Limestone at Site 3 belongs to the Kirkfieldian and possibly Shermanian stages (Pojeta, 1979).

Ceraurus milleranus Miller and Gurley, 1893

(Plate. 1, Figs. 5-6)

Ceraurus milleranus MILLER AND GURLEY, 1893, p. 80, pl. 8, fig. 10; RAYMOND AND BARTON, 1913, p. 538, pl. 1, figs. 6-8, ?not pl. 2, fig. 6 [according to Ludvigsen (1979b)]; BASSLER, 1915, p. 202; LUDVIGSEN, 1979b, p. 36, pl. 15, figs. 45-57 [Ludvigsen (1979b, p. 36) incorrectly cited 1897 as the year of publication]; LESPÉRANCE AND DESBIENS, 1995, fig. 2, p. 6; BABCOCK, 1996, p. 93, 94, 95, 102, figs. 8-1.4, 8-1.5, p. 103.

?Ceraurus sp. FOERSTE, 1914, p. 43, 44.

Ceraurus? sp. CRESSMAN, 1973, p. 50.
See Raymond and Barton (1913, p. 538), Bassler (1915, p. 202), and Ludvigsen (1979b, p. 36) for additional references.

   Diagnosis.— Raymond and Barton (1913) noted that the eye of Ceraurus milleranus Miller and Gurley is more posterior and less elevated than the eye of C. pleurexanthemus Green, but the two species are otherwise very similar. 


Lespérance and Desbiens (1995) confirmed the more posterior position of the eye in Ceraurus milleranus, and similarity of the pygidia of the two species.

  Description.—The shape of the fixigena indicates a posterior position of the eye (Pl. 1, Fig. 7). This specimen has a thorax of eleven segments and retains a small portion of the pygidium. A damaged cranidium with fragmentary thorax (Pl. 1, Fig. 5) retains the hypostome, essentially in place (Pl. 1, Fig. 6). The material agrees with previously illustrated specimens in all respects.
   Material examined.—The cranidium with hypostome and fragmentary thorax (Pl. 1, Figs. 5, 6), CMC-P50422; and the cranidium with thorax and fragment of pygidium (Pl. 1, Fig. 7), CMC-P50423, were collected by Rick Schrantz at Site 4, in the Upper Ordovician (Maysvillian Stage) Fairview Formation in Mason County, Kentucky. These specimens were examined and compared with previously published illustrations.

  Occurrence.—Ceraurus milleranus Miller and Gurley has been previously described from the Edenian through Richmondian stages in southwestern Ohio (Babcock in Feldmann, 1996).
  Discussion.—Foerste’s description of the ‘Rogers Gap’ Ceraurus sp. from Scott County is very vague and the material was never illustrated; he found the “central part of a cephalon” which belonged to the “group with moderately expanded anterior glabella” (Foerste, 1914, p. 147). Ludvigsen characterized Ceraurus as “(a) genus of Cheirurinae with forwardly expanding glabella” (Ludvigsen, 1979b, p. 27). Foerste’s description is therefore adequate to define the trilobite only to the generic, not specific, level. The assignment to Ceraurus milleranus is tentative.


The Canadian trilobites described by Ludvigsen (1979b) as Ceraurus milleranus Miller and Gurley, 1893, have a more anterior eye position than those figured by Raymond and Barton (1913), and may represent another species, as discussed in Lespérance and Desbiens (1995). 


Cressman’s Edenian Ceraurus? sp. was neither illustrated nor described, and has been tentaively assigned to this species. 
Suborder CALYMENINA Swinnerton, 1915

Family CALYMENIDAE Burmeister, 1843

Subfamily CALYMENINAE Burmeister, 1843

Genus GRAVICALYMENE Shirley, 1936

Gravicalymene abbreviata (Foerste, 1910)
Not Figured
Calymene abbreviata FOERSTE, 1910, p. 83, pl. 3, fig. 17; FOERSTE, 1914, p. 
148; BASSLER, 1915, p. 165; FOERSTE, 1919a, p. 74, pl. 18, figs. 5A and 5B. [Foerste’s synonymy of 1919 cites “1914, p. 148, pl. 1, figs. 14A, B” (Foerste, 1919a, p. 74). Figs. 14A and 14B are actually photographs of Calymene sp.; C. abbreviata was not illustrated in 1914].
Gravicalymene truncatus ROSS, 1979, p. D6, pl. 3, figs. 11-20.
   Description.—In 1910, Foerste described the new species Calymene abbreviata “which is characterized by the straightened, truncated anterior margin of the glabella…The anterior border of the cephalon is somewhat flattened, and, owing to the truncation of the anterior margin of the glabella, appears a little more remote from the latter than in most other species” (Foerste, 1910, p. 83).


In 1979 Ross erected the species Gravicalymene truncatus, which he described as “characterized by the transversely truncated anterior end of the glabella, small lateral lobes 3p, and deep preglabellar furrow. Outline of glabella would be bellshaped if anterior end were not truncated…Dorsal surface somewhat flattened and sloping backward. Anterior face of margin steeply inclined downward and backward. Border furrow extremely deep; in one specimen undercutting front of glabella, in another vertically sided…(I)n no species described to date is the front of the glabella so abruptly terminated. One is inclined to think the specimen deformed until he find (sic) others that are similar. The anterior truncation of the glabella, smallness of glabellar lobes 3p, enormously high anterior border, and deep border furrow distinguish this species” (Ross, 1979, p. D6). Ross cited Foerste’s 1910 paper in the references to his own paper in 1967, but omitted it in 1979, when he named and described Gravicalymene truncatus.

  Material examined.—Illustrations of the holotype cranidium of Calymene abbreviata (Foerste, 1910, pl. 3, fig. 17), the syntype cranidium and pygidium of Calymene abbreviata (Foerste, 1919b, pl. 18, figs. 5A, 5B), and cephala and pygidia of Gravicalymene truncatus Ross, 1979 (pl. 3, figs. 11-20) were examined.

  Occurrence.—Foerste collected the holotype, a cranidium of Calymene abbreviata, “(i)n the upper part of the Greendale bed” (Foerste, 1910, p. 83) one mile south of Rogers Gap, Scott County, Kentucky. The Greendale Lentil, part of the upper Lexington Limestone, is Edenian in age in this area (Pojeta, 1979). Foerste (1919b) figured a cranidium and pygidium of an Edenian C. abbreviata from a quarry near Carnestown (Carntown), Pendleton County, Kentucky.

Ross (1979) named Gravicalymene truncatus for material found in the Edenian Kope Formation near Kenton, Kenton County, Kentucky.


Calymene abbreviata Foerste and Gravicalymene truncatus Ross were collected in Edenian strata in adjacent northern Kentucky counties (Pendleton and Kenton); Calymene abbreviata was also found in Edenian strata in nearby Scott County, north-central Kentucky.
  Discussion.—The descriptions, illustrations, and age of the material indicate that Foerste and Ross were referring to the same species of trilobite. The name Gravicalymene abbreviata (Foerste, 1910) has priority, and the use of Gravicalymene truncatus Ross (1979) should be abandoned. Because Foerste’s holotype and syntypes are missing, Ross’ holotype of Gravicalymene truncatus (USNM 206854) is designated the neotype and his paratypes USNM 206853 and USNM 206855 are designated syntypes of Gravicalymene abbreviata (Foerste, 1910).  
Gravicalymene granulosa (Foerste, 1909)

Not Figured
Calymmene (sic) callicephala-granulosa FOERSTE, 1909, p. 294.

Calymene granulosa (Foerste), BASSLER, 1915, p. 167 (Bassler incorrectly listed the original designation as Calymene callicephala granulosa Foerste; Foerste’s synonymy of 1924 also corrected his original designation to this form of the name); BASSLER, 1919, p. 356, pl. 56, figs. 1 and 2. 

Calymene granulosa Foerste, FOERSTE, 1924, p. 246, pl. 44, figs. 1a and 1b.

Gravicalymene sp. 4 ROSS, 1967, p. B12, pl. 3, figs. 14-17.

Gravicalymene? sp. 5 ROSS, 1967, p. B13, pl. 3, fig. 13.

Flexicalymene granulosa (Foerste), LUDVIGSEN, 1979a, p. 46.  

Flexicalymene aff. F. granulosa (Foerste), HUGHES AND COOPER, 1999, p. 306-319, figs. 1.1-1.9 and 2.1-2.13.
    Description.—Foerste (1909, p. 294) described Calymmene (sic) callicephala-granulosa, which is distinguished “by the presence of numerous granules, larger and more conspicuous than in” Green’s Calymmene (sic) callicephala. Foerste later noted that the type of the latter trilobite was represented by a poorly preserved cast lacking the 3p glabellar lobes, and stated, “It is not probable that any species with these characteristics exists” (Foerste, 1910, p. 83-84). In 1924, Foerste contrasted Calymene granulosa with C. meeki, noting that the “(a)nterior border of cephalon less abruptly elevated than in Calymene meeki. Surface covered by numerous granules larger and more conspicuous than those of the latter species” (Foerste, 1924, p. 246).


Ross (1967) described Gravicalymene sp. 4 as having a “(s)urface fairly coarsely pustulose, many pustules being craterlike perforations of the carapace” (Ross, 1967, p. B12). He further noted, “As indicated in the following section, it is possible, perhaps probable, that the pygidium designated Gravicalymene? sp. 5 should be assigned to this species, but the association cannot be proved“ (Ross, 1967, p. B13). 

Hughes and Cooper (1999) describe an assemblage which they referred to as “the “granulosa” cluster because its fauna is dominated by trilobites comparable to those described as Flexicalymene granulosa (Foerste, 1909) from the same stratigraphic unit…Subsequent illustrated descriptions (Bassler, 1919; Foerste, 1924) emphasized the markedly granulated surface as a diagnostic feature” (Hughes and Cooper, 1999, p. 306). 


As indicated by Ross, this species should be assigned to Gravicalymene rather than Flexicalymene based on its “bell-shaped” glabellar outline, “which Shirley (1936, p. 395) considered one characteristic of Gravicalymene” (Ross, 1967, p. B8) when he erected this genus. In Flexicalymene, “(t)he axial furrows are nearly straight approximating tangency to the lateral glabellar lobes 1p and to the sides of the frontal glabellar lobe. In contrast, the bell-shaped glabellar outline of Gravicalymene is caused by curving axial furrows that make glabellar sides seem concave, rather than straight or convex…” (Ross, 1967, p. B14). 
  Material examined.—Foerste described the cranidium of Calymmene callicephala-granulosa in 1909 but did not illustrate the specimen. Bassler (1919, pl. 56, figs. 1a, 1b) photographed a complete trilobite from the Eden shale at Cincinnati, Ohio, In a later article, Foerste stated that “(a)though relatively abundant no specimens suitable for illustration are at hand” (Foerste, 1924, p. 246), and re-figured the trilobite illustrated by Bassler, at higher magnifications (Foerste, 1924, pl. 44, figs. 1a, 1b). Although Bassler mentioned collections of this species at the Maryland Geological Survey and the U. S. National Museum, it is not certain that the figured specimen was included; no repository was listed or collection number specified.


Ross (1967) photographed Gravicalymene sp. 4 (two cranidia) (pl. 3, figs. 14-17) and Gravicalymene? sp. 5 (a pygidium) (pl. 3, fig. 13). 

Several well-preserved specimens of Flexicalymene aff. F. granulosa (Foerste) were illustrated by Hughes and Cooper (1999, figs. 1.1-1.9, 2.1-2.13).


The illustrations of Calymene granulosa in Foerste (1924, pl. 44, figs. 1a, 1b), Gravicalymene sp. 4 and Gravicalymene? sp. 5 in Ross (1967, pl. 3, figs. 13-17), and Flexicalymene aff. F. granulosa in Hughes and Cooper (1999, figs. 1.1-1.9, 2.1-2.13) were examined and compared.

  Occurrence.—Foerste listed Calymene granulosa from Kentucky, Ohio, Indiana, Pennsylvania, Maryland, New York, “and other states containing Eden faunas” (Foerste, 1924, p. 246).


Gravicalymene sp. 4 and Gravicalymene? sp. 5 in Ross (1967) were both collected in the Edenian Clays Ferry Formation in central Kentucky.


Ludvigsen (1979a) stated that Flexicalymene granulosa (Foerste) was found in the Upper Ordovician Georgian Bay Formation of Ontario, Canada.


Flexicalymene aff. F. granulosa (Foerste) of Hughes and Cooper (1999) was collected in the Edenian Kope Formation in northern Kentucky.

  Discussion.—The descriptions and illustrations of Calymene granulosa in Foerste (1924) and Gravicalymene sp. 4 and G.? sp. 5 in Ross (1967) are of the same species of trilobite. Foerste’s name has priority, and Gravicalymene sp. 4 and G.? sp. 5 of Ross (1967) should therefore be referred to Gravicalymene granulosa (Foerste, 1909).

The species Flexicalymene granulosa (Foerste) in Ludvigsen (1979a) should be reassigned to the genus Gravicalymene. The bell-shaped outline of the glabella differentiates Gravicalymene from Flexicalymene, as indicated by Ross (1967).


Hughes and Cooper designated their material Flexicalymene aff. F. granulosa (Foerste). The specimens, which have bell-shaped glabellar outlines, should be placed in the genus Gravicalymene rather than Flexicalymene. Hughes and Cooper noted that their trilobites were significantly larger than Foerste’s, and that “(i)n our material the palpebral lobes are...opposite L2 (Fig. 1.1-1.7), whereas in previously figured F. granulosa the eye is opposite L3” (Hughes and Cooper, 1999, p. 308). They therefore designated their material “F. aff. granulosa” (Hughes and Cooper, 1999, p. 308). Size alone is not sufficient reason to distinguish between species. The palpebral lobes illustrated by Foerste (1924, pl. 44, fig. 1b) appear to be located opposite L2 rather than L3. Other minor differences noted by Hughes and Cooper are due to preservation and intraspecific variation. Therefore, specimens designated Flexicalymene aff. F. granulosa (Foerste) by Hughes and Cooper should be assigned to Gravicalymene granulosa (Foerste).

In conclusion, the trilobites described as Gravicalymene sp. 4 and Gravicalymene? sp. 5 in Ross (1967), Flexicalymene granulosa (Foerste) in Ludvigsen (1979a), and Flexicalymene aff. F. granulosa in Hughes and Cooper (1999) should all be referred to Gravicalymene granulosa (Foerste, 1909).

Suborder PHACOPINA Struve, 1981

Superfamily DALMANITACEA Vogdes, 1890

Family PTERYGOMETOPIDAE Reed, 1905

Subfamily PTERYGOMETOPINAE Reed, 1905

Genus ACHATELLA Delo, 1935

Achatella achates (Billings, 1860)

(Plate 1, Figs. 8-10)

Dalmanites Achates BILLINGS, 1860, p. 63, fig. 9. 

Dalmanites achates Billings, FOERSTE, 1914, p. 147, pl. 1, fig. 18. [Foerste


also referred to this trilobite as Dalmanites cf. achates on p. 116 of the same


article. See Bassler (1915, p. 1065) for additional references].

Dalmanites Carleyi MEEK, 1872, p. 424; MEEK, 1873, p. 170, pl. 14, figs. 2a-d;


MILLER, 1874, p. 142.

Dalmanites carleyi-rogersensis FOERSTE, 1910, p. 85.

Pterygometopus achates (Billings), BASSLER, 1915, p. 1065; FOERSTE, 1919b, p. 397, pl. 19, fig. 8. [Brett et al (p. 300) incorrectly listed this citation as “Dalmanites achates BILLINGS, …FOERSTE, 1919, p. 397, figs. 8, 18a”, confusing both the name and the figures].

Pterygometopus carleyi (Meek), BASSLER, 1915, p. 1066; FOERSTE, 1919b,


pl. 19, fig. 17.

Pterygometopus carleyi rogersensis (Foerste), BASSLER, 1915, p. 1066.
Pterygometopus carleyi-rogersensis FOERSTE, 1919b, p. 398, pl. 19, figs. 18A, B. (Foerste referred to the illustrated specimens in the explanation to pl. 19, figs. 18A and 18B as Pterygometopus rogersensis Foerste).

Achatella achates (Billings), DELO, 1935, p. 416, fig. 39; DELO, 1940, p. 110, pl. 13, figs. 19-21; LUDVIGSEN, 1979a, p. 46, fig. 28A, B; LUDVIGSEN AND CHATTERTON, 1982, p. 2183, pl. 1, figs. 1-7, fig. 3; BRETT ET AL, 1999, p. 300, fig. 8.4.

Achatella carleyi (Meek), DELO, 1940, p. 111, pl. 13, figs. 22-24.
Achatella carleyi var. rogersensis (Foerste), DELO, 1940, p. 111, pl. 13, fig. 25.
Ludvigsen and Chatterton (1982, p. 2183) provide additional references. 
Description.— Elkanah Billings first described “Dalmanites Achates“ in 1860. In 1982, Ludvigsen and Chatterton revised the Pterygometopidae of North America and re-described Achatella achates (Billings). Their diagnosis of A. achates noted “ornament of scattered tubercles on glabella and fixigena, with fine pits on genae; pygidium with 12 distinct axial rings and 11 pleural ribs” (Ludvigsen and Chatterton, 1982, p. 2184).
   Material examined.—The material includes a partial glabella (Site 6) (Pl. 1, Fig. 8), CMC-P50424; a cephalon (Site 6) (Pl. 1, Fig. 9), CMC-P50425; a pygidium (Site 5) (Pl. 1, Fig. 10), CMC-P50426; a pygidium (Site 7), CMC-P50427; and two inverted molts consisting of cephala and thoracic segments (Site 5), CMC-P50428.

  Occurrence.—This trilobite has been found at three sites in central Kentucky; one in Scott County (Site 5) and two in Fayette County (Sites 6 and 7). All specimens were collected in the Upper Ordovician (Edenian Stage) Clays Ferry Formation. 

   Discussion.—In 1872, Fielding Bradford Meek named Dalmanites Carleyi from the area of Cincinnati, Ohio, which he contrasted with D. callicephalus Hall [now referred to Calyptaulax (Brett et al, 1999)] and D. breviceps Hall [Tricopelta breviceps (Hall); see Babcock, 1996]. In his description of Dalmanites Carleyi, Meek wrote, “Surface of anterior of glabella showing small, obscure granulations; other parts of the cephalic shield nearly smooth, or less distinctly granular” (Meek, 1872, p. 425). The length of the “cephalic shield” was about 0.9 cm without the genal spines, and approximately 1.5 cm when these were included; the width was about 1.7 cm.


Meek further noted that an “associated, but detached” (Meek, 1872, p. 425) pygidium was composed of “about thirteen distinct segments, and two or three other very obscure ones behind these”; and “about thirteen” lateral segments. Its surface was covered with “rather fine irregular scattering granulations” (Meek, 1872, p. 425). Finally, Meek mentioned that “(t)he specimens studied and figured belong to the collection of U. P. James” (Meek, 1872, p. 426).


The following year (1873), Meek repeated this description, essentially verbatim, in a paper prepared for the Ohio Geological Survey, and included drawings of the trilobite’s cranidium, eye, and pygidium.


Samuel Almond Miller (1874) borrowed heavily from Meek in his description of Dalmanites Carleyi, but added that the trilobite was “(e)xtremely rare…Dr. R. M. Byrnes has a fine specimen, rolled up, and Prof. Harper has a fine specimen, extended” (S. A. Miller, 1874, p. 143). The cranidium and pygidium of Achatella carleyi described by Meek and the intact trilobites mentioned by Miller apparently remained in private collections; their present locations are unknown.   


In 1910, Foerste described a trilobite collected in Madison County, Kentucky, as “(a) species of Dalmanites, very closely allied to Dalmanites (Pterygometopus) carleyi” (Foerste, 1910, p. 85), and named it D. carleyi-rogersensis. He stated that, “Compared with Dalmanites carleyi,…the  Eden specimens differ chiefly in their larger size” (Foerste, 1910, p. 85). Foerste added that “(t)he pygidium also is closely similar to that of the Fairmount form. The chief interest in these Eden specimens consists not in their distinctness from the Fairmount species, but in their very close relationship…” (Foerste, 1910, p. 85). 


In 1914, Foerste described the same trilobite as “Dalmanites achates, Billings”, which he diagnosed as “a species closely related to Dalmanites achates, Billings” (Foerste, 1914, p. 147). He further stated that “(t)he glabellar lobation, the position of the eyes, the length and form of the genal spines is (sic) identical with that of Dalmanites achates” (Foerste, 1914, p. 147). Foerste added that “(t)he glabella, including the smaller lobes, the occipital segment, and even the fixed cheeks is (sic) ornamented with relatively distant large and small granules” (Foerste, 1914, p. 147). 


Bassler (1915) assigned these species to Pterygometopus, recognizing P. achates (Billings), P. carleyi (Meek), and P. carleyi rogersensis (Foerste).


Foerste (1919b), adopting Bassler’s generic assignment, discussed both Pterygometopus achates Billings and P. carleyi-rogersensis, Foerste. He repeated that, “So far, no difference is known between the variety rogersensis…and the typical forms of the species carleyi, except in size, the Rogers Gap [Kentucky] specimens usually being larger” (Foerste, 1919b, p. 398).


Foerste wrote that coarse granules were more widespread over the cranidium of the variety rogersensis, but noted that “(t)his may be due chiefly to their larger size” (Foerste, 1919b, p. 399). He also stated that the pleural lobes of the pygidium of D. carleyi are “curved more or less backward toward their extremities, especially in case of the more posterior ribs. In the pygidia of the variety rogersensis so far known, these ribs are nearly straight” (Foerste, 1919b, p. 399).


Delo erected the genus Achatella in 1935, with A. achates (Billings, 1860) as the type species. In 1940 he assigned several species to this genus, including A. carleyi (Meek, 1872) and A. carleyi var. rogersensis (Foerste, 1910).


Delo wrote that Achatella achates had its “(e)ntire cephalic surface covered with low, irregularly confluent tubercles, largest on the glabella” (Delo, 1940, p. 110); its pygidium had “nine or ten rachial annulations and eight or nine wide, furrowed ribs separated by narrow grooves. Rachis granulated, remainder of surface smooth“ (Delo, 1940, p. 110). Under his “Remarks”, Delo added that “(t)his unique species may be differentiated from others allocated to Achatella by minor details only. The genal spines appear to be proportionally longer and the ornamentation less prominent, than in A. carleyi var. rogersensis (Foerste). A. carleyi (Meek) has two or three more rachial annulations and ribs, a less tapering pygidium, shorter genal spines and cephalic ornamentation restricted to the anterior portion of the glabella” (Delo, 1940, p. 111).


Of Achatella carleyi, Delo stated that “(t)here has been no opportunity to examine either the type or typical representatives of this species…In the absence of the type, there is no certain means of defining the distinguishing features of the variety…It appears to differ from A. achates in the more restricted coarse ornamentation of the cephalon, shorter genal spines, two or three more pygidial annulations and ribs, and less tapering pygidium” (Delo, 1940, p. 111).


Delo noted, “There has been no opportunity to compare specimens of A. carleyi and the variety rogersensis… From examination of the figures, it appears that the two forms are very similar” (Delo, 1940, p. 112).

The material found in this study as well as literary evidence confirm that both Achatella carleyi and the variety rogersensis should be assigned to A. achates. A glabella (Pl. 1, Fig. 8), has widely distributed, coarse granules over its entire surface; it agrees with Foerste’s description and is indistinguishable from those figured by Ludvigsen and Chatterton as A. achates. A smaller, intact (but somewhat worn) cephalon (Pl. 1, Fig. 9) is of the same size as Achatella carleyi. It measures approximately 0.5 cm in length, and is just under 1.3 cm long with the genal spine; the cranidium is also about 1.3 cm wide. This cranidium appears to lack coarse granules, confirming Foerste’s suspicion that smaller individuals may have had fewer granules over the surface of the cranidium.


Although Delo (1940, p. 110) claimed that Achatella achates had “nine or ten rachial annulations and eight or nine wide, furrowed ribs” in its pygidium, this is an error. Ludvigsen and Chatterton, who examined the type specimen, found that the pygidium of A. achates actually had 12 distinct axial rings and 11 pleural ribs (see their plate 1, fig. 1). A. carleyi was said to have “about 13” axial rings and “about 13” pleural ribs (Meek, 1872, p. 425), while Foerste (1910, p. 85) wrote that the pygidium of rogersensis was “closely similar” to the latter. The slightly flattened pygidium shown in Plate 1, Fig. 10 has 12 distinct axial rings and probably 11 pleural ribs. 

Ludvigsen and Chatterton synonymized a number of previously described species of the genus Achatella with the type species, A. achates. They retained the species A. carleyi (Meek, 1873) [actually 1872; the trilobite was first figured in 1873, however] and A. consobrina Tripp, 1954. Under “Remarks,” however, Ludvigsen and Chatterton stated, “We have not seen the type of Achatella carleyi (Meek, 1873) from the Maysvillian of the Cincinnati area nor have we had access to adequate photographs. This species may well be a junior synonym of A. achates” (Ludvigsen and Chatterton, 1982, p. 2186).


In summary, no differences of any significance have been observed between Achatella achates, A. carleyi, or A. carleyi rogersensis. Dalmanites carleyi was named by Meek, presumably without knowledge of Billings’ publication of D. achates in 1860. (Comparisons were made to less similar trilobites, now considered to belong to different genera). Foerste (1910) first described the Rogers Gap trilobite as Dalmanites carleyi rogersensis; he reconsidered in 1914, identifying the Kentucky material as D. achates. Finally, Foerste (1919b) assigned the trilobite the name Pterygometopus carleyi-rogersensis. Foerste’s papers of 1910 and 1919b stressed the similarities, rather than the differences, between the species carleyi and his subspecies. 


The smaller size of the trilobites found in the Cincinnati area may be attributed to either the very small sample size or perhaps paleoecological or depositional factors. [Miller had noted that this trilobite was “exceedingly rare” (S. A. Miller, 1874, p. 143); Meek’s type material, consisting of one cranidium and one pygidium, and the two intact trilobites mentioned by Miller seem to be the only specimens described as A. carleyi in the scientific literature]. The coarser and more widespread granulation of rogersensis is probably due to the larger size of the Kentucky specimens, as suggested by Foerste. In all other respects, A. carleyi and A. carleyi rogersensis are identical. No differences have been found between the present collection of material from central Kentucky, the Cincinnati area trilobites, and Achatella achates. It is therefore concluded that Achatella carleyi (Meek, 1872) and Achatella carleyi rogersensis (Foerste, 1910) are junior synonyms of Achatella achates (Billings, 1860), and use of these names should be abandoned.
Subfamily EOMONORACHINAE Pillet, 1954

Genus SCEPTASPIS Ludvigsen and Chatterton, 1982

Sceptaspis confluens (Foerste, 1919)

(Plate. 1, Figs. 11-15)

Pterygometopus confluens FOERSTE, 1919c, p. 396, pl. 19, fig. 19; FOERSTE, 1919a, 
p. 220, pl. 22, fig. 22. 

Calyptaulax confluens (Foerste), DELO, 1940, p. 101, pl. 12, fig. 21.

Sceptaspis lincolnensis (Branson), LUDVIGSEN AND CHATTERTON, 1982, p. 2194 (in 


part; only the Kentucky specimens are considered here).

  Description.—The cranidium of Sceptaspis lincolnensis was described in detail by Ludvigsen and Chatterton (1982, p. 2196), and is indistinguishable from that of S. confluens. Intraspecific variation in Sceptaspis confluens is shown in the development of 2s, from a deeply incised furrow which disappears abaxially (Plate 1, Fig. 11) to an elongated ovate pit (Plate 1, Fig. 12). The hypostome is unknown. 


The thorax is composed of 11 segments.


The pygidium of Sceptaspis confluens (Pl. 1, Figs. 14, 15) is triangular, with the length being approximately 85% of the width. There are 12 to 13 axial rings, and a very short terminal piece, which extends nearly to the posterior margin of the pygidium. The axis is wider anteriorly; the apodermal sector consists of 3 rings, and expands more rapidly than the post-apodermal sector of 9 to 10 rings. The interpleural furrows are well defined, ending near the margin. Pleural furrows also end near the margin, are wider and more deeply incised distally, and become indistinct axially. There are eight pairs of ribs on the pygidium, which is covered with very fine granules. 

   Material examined.—Foerste’s types are missing. The material examined consists of neotype, a cranidium (Pl. 1, Fig. 11) collected by Dan Phelps, CMC-P50429; and the following syntypes: a cranidium (Pl. 1, Fig. 12) and pygidium (Pl. 1, Fig. 14), CMC-P50430; a cephalon (Pl. 1, Fig. 13), CMC-P50431; a pygidium (Pl. 1, Fig. 14), CMC-P50430; a cephalon (Pl. 1, Fig. 13), CMC-P50431; a pygidium (Pl. 1, Fig. 15), CMC-P50432; 2 cranidia, thoracic segments, a librigena, and pygidium, CMC-P50433; an inverted molt, consisting of a partial cranidium, 112 thoracic segments, and fragment of pygidium, CMC-P50434; two pygidia, CMC-P50435; and a pygidium, CMC-P50436. The material was collected at Site 2, in the Upper Ordovician (Blackriveran) Camp Nelson Limestone in Jessamine County, Kentucky.
  Occurrence.—Foerste (1919c) reported the species from both the Upper Ordovician Camp Nelson Limestone (Blackriveran Stage) and Tyrone Limestone (Kirkfieldian Stage) at High Bridge, Jessamine County, Kentucky. All material in this study was collected in the Camp nelson Limestone in Jessamine County, Kentucky (Site 2).
   Discussion.—Foerste based Pterygometopus confluens on a cranidium found in the Tyrone Limestone (Kirkfieldian Stage) and cranidia “agreeing in every structural detail” (Foerste, 1919c, p. 397) from the Camp Nelson Limestone (Blackriveran Stage); all were collected at High Bridge, Jessamine County, Kentucky. He stated that the Camp Nelson cranidia differed from the figured Tyrone cranidium “only in the slightly more prominent tubercles ornamenting the glabella” (Foerste, 1919c, p. 397).


Later in the same year, Foerste contrasted Pterygometopus confluens with “Pterygometopus cf. lincolnensis Branson”, commenting that P. confluens “differs from the other known forms in the flatness of the cranidium, including all of its lobes” (Foerste, 1919a, p. 220).


In 1940, Delo re-described and illustrated Calyptaulax confluens (Foerste), stating that the types consisted of three cranidia and a fragmental pygidium which had not been mentioned by Foerste. In an apparent misreading of Foerste’s original description, he added that the type material all came from the Tyrone at High Bridge, but “similar cranidia have been collected from the Campnelson member…at the same locality” (Delo, 1940, p. 101). Although Foerste illustrated the Tyrone cranidium (the holotype), he designated the Camp Nelson cranidia syntypes; two of the three cranidia examined by Delo were from the Camp Nelson Limestone. Delo further described, but did not illustrate, the fragmental pygidium, which he said had a rachis consisting “of five distinct annulations and a terminal indistinctly annulated portion of almost equal length” and “about five broad, unfurrowed ribs separated by sharp, narrow grooves” (Delo, 1940, p. 101).


 Ludvigsen and Chatterton erected the monotypic genus Sceptaspis in 1982 to contain S. lincolnensis (Branson, 1909). They synonymized a number of species from the United States and Canada with S. lincolnensis, including Pterygometopus confluens Foerste and Calyptaulax confluens (Foerste) in Delo (1940). Ludvigsen and Chatterton assigned a Rocklandian age to Foerste’s specimens and repeated Delo’s omission. This is significant because all other trilobites synonymized with S. lincolnensis are found in the Rocklandian Stage and younger strata. Finally, Ludvigsen and Chatterton noted that “Sceptaspis is clearly similar to, and undoubtedly derived from, Calyptaulax” (Ludvigsen and Chatterton, 1982, p. 2194). The Blackriveran S. confluens has a cranidium identical to that of S. lincolnensis, but a pygidium with characteristics intermediate between that of Calyptaulax and Sceptaspis.


The pygidium of Sceptaspis confluens possesses 12 to 13 axial rings (versus 18 to 23 in S. lincolnensis) and 8 pairs of ribs (versus 11 in S. lincolnensis). The apodermal sector of Sceptaspis confluens, like that of Calyptaulax, consists of three axial rings, while that of S. lincolnensis consists of seven axial rings. This confirms that Sceptaspis is derived from Calyptaulax. In other respects, however, the pygidium of Sceptaspis confluens is intermediate between Calyptaulax and S. lincolnensis. The post-apodermal sector of Calyptaulax consists of 7 to 8 rings, while that of Sceptaspis confluens contains 9 to 10 rings; the post-apodermal sector of S. lincolnensis has 11 to 16 rings. The number of pairs of pygidial ribs in Sceptaspis confluens (8) is also intermediate between Calyptaulax (5 to 7) and S. lincolnensis (11). 


The genus Sceptaspis was based on a single species, S. lincolnensis; the inclusion of S. confluens requires that the definition of the genus be amended. (Although the pygidium of Sceptaspis confluens is clearly derived from Calyptaulax and differs from that of S. lincolnensis, the cranidium is unmistakably that of Sceptaspis, and the species should be retained in this genus). The amended definition of Sceptaspis should state that the pygidium possesses an apodermal sector of either 3 or 7 rings, and a post-apodermal sector of from 9 to 16 rings, providing a total range of from 12 to 23 axial rings. In addition, the pygidium has either 8 or 11 pairs of ribs.


It should be noted that there is a discrepancy in the number of axial rings cited by Ludvigsen and Chatterton (1982) which would affect the generic description. Under both the Diagnosis (p. 2196) and the Description (p. 2197) of the species Sceptaspis lincolnensis, Ludvigsen and Chatterton mentioned “18-23 distinct axial rings”, indicating 11-16 post-apodermal rings. However, in the Diagnosis (p. 2194) of the (previously monospecific) genus Sceptaspis, they described a post-apodermal sector of 10-14 rings. Added to the apodermal sector of 7 rings, the total range in Sceptaspis lincolnensis would therefore be only 17-21 axial rings. If 21 is the maximum accepted number of axial rings, the revised description of the genus Sceptaspis should indicate a post-apodermal sector of 9 to 14 rings, and a total of from 12 to 21 axial rings.  
Genus EOMONORACHUS Delo, 1940

Eomonorachus bufo n. sp.

(Plate. 1, Figs. 16-22)

?Callyptaulax (sic) aff. C. strasburgensis, ROSS, 1967, fig. 2, p. B4-B5.

?Calyptaulax cf. C. strasburgensis (Cooper) (sic), CRESSMAN, 1973, p. 46.
   Diagnosis.—The glabella  (Pl. 1, Figs. 15-19) expands slightly anteriorly, with rounded frontal lobes. The median lobe is separated from 2p and 3p by shallow longitudinal furrows, and from the occipital ring by a narrow but distinct occipital furrow. 1p is a very small, ovate, depressed lobe narrowly connected to the median lobe. 2p, 3p, and the frontal lobe are somewhat inflated. 2s is shallow and nearly transverse, with a slight posterior deflection; 3s very oblique; wider, deeper than 2s. Semicircular palpebral lobes extend forward from near the posterior margin of 2p to anterior position on 3p. Smooth narrow anterior margin of cranidium protrudes slightly medially. 2p, 3p, and the frontal lobe are densely covered with large tubercles, some of which coalesce; two paired rows of tubercles line median lobe. Smaller tubercles or granules may also be present. Fixed cheek, librigena (Pl. 1, Fig. 22), and occipital ring are smooth, or a few small granules. Number and arrangement of lenses in the eye is unknown, as are hypostome and thorax. 


Pygidium (Pl. 1, Figs. 20, 21) triangular, with width greater than length; axis extends nearly to posterior margin. Axis consists of apodermal sector of seven segments, and post-apodermal sector of seven or eight rings. Last (posterior-most) three or four rings less distinct. Sides of post-apodermal sector nearly parallel; sides of the apodermal sector expand anteriorly. Nine pairs of ribs present on pleural regions. Interpleural furrows distinct and extend to margin, although they become very shallow distally. Pleural furrows shallower and narrower, and only faintly recognizable beyond the fourth or fifth rib. Pygidium slightly arched at posterior margin. Surface of pygidium smooth or with a few small granules.
  Description.—Four species were previously assigned to Eomonorachus: the type species, E. intermedius (Walcott, 1879), from Illinois, Wisconsin, Minnesota, Missouri, and Ontario, Canada; E. buttsi (Cooper, 1953) and E. mesleri (Cooper, 1953) from Virginia; and E. divaricatus (Frederickson, 1964) from Oklahoma. 

The glabella of Eomonorachus intermedius (Walcott) differs in having fewer, smaller tubercles on 2p, 3p, and the frontal lobe, and a depressed area on the median lobe opposite 2p and 3p. Eomonorachus bufo n. sp. possesses large tubercles in two longitudinal rows on the median lobe and exsagittal furrows separating the median lobe from the 2p and 3p lateral glabellar lobes; paired tubercles and exsagittal furrows are absent in E. intermedius. 2p and 3p are more inflated in Eomonorachus bufo n. sp. than in E. intermedius. The pygidium of Eomonorachus intermedius has 11 pairs of ribs, while 9 pairs are present in E. bufo n. sp. 


Eomonorachus buttsi (Cooper) possesses a more alate frontal lobe than E. bufo n. sp. The cephalon of Eomonorachus buttsi was described as “sparsely tuberculate” (Cooper, 1953, p. 34), while that of E. bufo n. sp. is densely tuberculate. The pygidium of E. buttsi has 9 to 11 axial rings, compared with 14 to 15 axial rings in E. bufo n. sp.; the axial rings of E. buttsi bear “4 rather large tubercles arranged in arcuate rows” (Cooper, 1953, p. 34), which are absent from the axial rings of E. bufo n. sp.


Eomonorachus mesleri (Cooper) possesses tuberculate fixed cheeks and librigena, while E. bufo n. sp. has relatively smooth fixed cheeks and librigena. The pygidium of E. mesleri has 7 or 8 axial rings, and 6 pairs of ribs, compared to 14 or 15 axial rings and 9 pairs of ribs in E. bufo n. sp.  


The axial furrows bordering the glabella of Eomonorachus divaricatus (Frederickson) diverge much more widely anteriorly than the axial furrows of E. bufo n. sp. 3s is much more oblique in E. bufo n. sp. than in E. divaricatus. Additionally, the 2p and 3p glabellar lobes of E. divaricatus are relatively much wider (transversely) than long; the length is closer to the width of both 2p and 3p in E. bufo n. sp.
  Etymology.—The name bufo (Latin for toad) alludes to the appearance of the wart-like glabellar tubercles.
  Types.—The holotype of Eomonorachus bufo n. sp. is a cranidium, CMC-P50437 (Pl. 1, Fig. 16). Syntypes are a cranidium, CMC-P50419; a cranidium, CMC-P50438 (Pl. 1, Fig. 17); a cranidium, CMC-P50439 (Pl. 1, Fig. 18); a cranidium (Pl. 1, Fig. 19) and a librigena (Pl. 1, Fig. 22), CMC-P50440; a pygidium, CMC-P50441 (Pl. 1, Fig. 20); a pygidium, CMC-P50442 (Pl. 1, Fig. 21); a cranidium, CMC-P50443; two cranidia and a librigena, CMC-P50444; a pygidium, CMC-P50445; and a pygidium, CMC-P50446. The material was collected at Site 3, in Garrard County, Kentucky. The roadcuts are in the Upper Ordovician Curdsville Limestone Member, the basal member of the Lexington Limestone. The Curdsville Limestone is kirkfieldian, but may have continued into the Shermanian Stage (Pojeta, 1979).
   Occurrence.— All specimens were collected at a roadcut in Garrard County, Kentucky (Site 3), in the Upper Ordovician Curdsville Limestone Member. The Curdsville Limestone, the basal member of the Lexington Limestone, belongs to the Kirkfieldian and possibly Shermanian stages (Pojeta, 1979, p. A15).

  Discussion.—Ludvigsen and Chatterton (1982, p. 2188), in their Diagnosis of the genus Eomonorachus, stated that the apodermal sector consists of 7 rings, while the post-apodermal sector consists of 8 to 10 rings; this implies a total of from 15 to 17 axial rings. In their Diagnosis of the species Eomonorachus intermedius (Ludvigsen and Chatterton, 1982, p. 2190), however, they cited a total of from 12 to 18 axial rings; the generic description therefore should be modified to reflect the larger possible range. 


As noted above, Calyptaulax cf C. strasburgensis (Cooper) (in Cressman, 1973) should have been attributed to Ulrich and Delo (in Delo, 1940); Cooper (1930) erected the genus Calyptaulax. Neither Ross nor Cressman described or illustrated this trilobite, collected by the USGS in the Curdsville Limestone Member. Eomonorachus bufo n. sp. was the only member of the Eomonorachinae collected in the Curdsville Limestone in this study.
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APPENDIX 1: CINCINNATI MUSEUM CENTER’S MUSEUM OF NATURAL HISTORY AND SCIENCE ACCESSION NUMBERS

1. Ceraurinus icarus (Billings, 1860): 

CMC-P50417 cranidium (Site 1) (Pl. 1, Fig. 1)

2. Ceraurus ruidus Cooper, 1953: 

CMC-P50418 cephalon (Site 2) (Pl. 1, Fig. 2)

CMC-P50419 librigena (Site 2) (Pl. 1, Fig. 3) 

CMC-P50420 pygidium (Site 3) (Pl. 1, Fig. 4)
CMC-P50421 cranidium (Site 2)
CMC-P50437 hypostome (Site 3)
3.
Ceraurus milleranus Miller and Gurley, 1893:  

CMC-P50422 cranidium with hypostome and fragmentary thorax (Site 4) (Pl. 1, Fig. 5, 6) 

CMC-P50423 cranidium with thorax and fragment of pygidium (Site 4) (Pl. 1, Fig. 7) 

4. 
Achatella achates (Billings, 1860): 

CMC-P50424 partial glabella (Site 6) (Pl. 1, Fig. 8) 

CMC-P50425 cephalon (Site 6) (Pl. 1, Fig. 9) 

CMC-P50426 pygidium (Site 7) (Pl. 1, Fig. 10) 

CMC-P50427 Site 7 

CMC-P50428 two inverted molts consisting of cephala and thoracic segments (Site 5)
5.
Sceptaspis confluens (Foerste, 1919):  
CMC-P50429 neotype cranidium (Site 2) (Pl. 1, Fig. 11) 

CMC-P50430 syntype cranidium (Site 2) (Pl. 1, Fig. 12) and pygidium (Pl. 1, Fig. 14)
CMC-P50431 cephalon (Site 2) (Pl. 1, Fig. 13) 
CMC-P50432 pygidium (Site 2) (Pl. 1, Fig. 15) 

CMC-P50433 two cranidia, thoracic segments, librigena, and pygidium  (Site 2)
CMC-P50434 inverted molt, consisting of partial cranidium, 11 thoracic segments, and pygidial fragment (Site 2)
CMC-P50435 two pygidia (Site 2)
CMC-P50436 pygidium (Site 2)
6.
Eomonorachus bufo n. sp.: 

CMC-P50437 holotype cranidium (Site 3) (Pl. 1, Fig. 16)
CMC-P50419 syntype cranidium (Site 3)
CMC-P50438 syntype cranidium (Site 3) (Pl. 1, Fig. 17) 

CMC-P50439 syntype cranidium (Site 3) (Pl. 1, Fig. 18)
CMC-P50440 syntype cranidium (Site 3) (Pl. 1, Fig. 19) and librigena (Pl. 1, Fig. 22)
CMC-P50441 syntype pygidium (Site 3) (Pl. 1, Fig. 20) 

CMC-P50442 syntype pygidium (Site 3) (Pl. 1, Fig. 21)  

CMC-P50443 syntype cranidium (Site 3)
CMC-P50444 syntype two cranidia and librigena (Site 3)
CMC-P50445 syntype pygidium (Site 3)
CMC-P50446 syntype pygidium (Site 3)
APPENDIX 2: DETAILED SITE INFORMATION

Site 1: Outcrop, now covered, west of overpass on north side of Interstate 64 in Jefferson County, Kentucky, 0.1 mile west of the Shelby County line, at mile 23.9. The outcrop is in the Bardstown Member of the Drakes Formation (formerly Liberty Formation), Richmondian Stage, Upper Ordovician (Pojeta, 1979). Coordinates are 38( 13’ 04” N, 85( 24’ 58” W. (All bearings were obtained with a Magellan GPS Pioneer Satellite Navigator). Fisherville 7.5-minute Geologic Quadrangle (Kepferle, 1976).

Site 2: South ends of long roadcuts in the Camp Nelson Limestone on either side of US 27 in Jessamine County, Kentucky, immediately north of bridge over Kentucky River. The Camp Nelson Limestone of the High Bridge Group belongs to the Blackriveran Stage of the Upper Ordovician (Pojeta, 1979). Coordinates are 37( 46’ 16” N, 84( 36’ 49” W. Little Hickman 7.5-minute Geologic Quadrangle (Wolcott, 1969).

Site 3: Roadcuts on either side of State Highway 34 in Garrard County, Kentucky, east of bridge at Boyle County line. The roadcut exposes the Upper Ordovician Curdsville Limestone Member, the basal member of the Lexington Limestone. The Curdsville Limestone belongs to the Kirkfieldian and possibly Shermanian stages (Pojeta, 1979). Coordinates are 37( 40’ 57” N, 84( 40’ 48” W. Bryantsville 7.5-minute Geologic Quadrangle (Wolcott and Cressman, 1971).    

Site 4: Roadcuts west of bridge on north and south sides of State Road 3071 in Mason County, Kentucky. The roadcuts are in the Upper Ordovician (Maysvillian Stage) Fairview Formation (Pojeta, 1979). Coordinates are 38( 41’ 03” N, 83( 47’ 56” W. Maysville West 7.5-minute Geologic Quadrangle (Gibbons and Weiss, 1972). 

Site 5: East side of roadcut along the northbound entrance ramp to Interstate 75 at the Sadieville interchange, in Scott County, Kentucky. The roadcut is in the Upper Ordovician (Edenian Stage) Clays Ferry Formation (Pojeta, 1979). Coordinates are 38( 22’ 49” N, 84( 34’ 13” W. Sadieville 7.5-minute Geologic Quadrangle (Moore and Wallace, 1978).

Site 6: Small roadcut on north side of Armstrong Mill Road, 0.1 mile east of River Park Road, in Fayette County, Kentucky. The exposure is in the Upper Ordovician (Edenian Stage) Clays Ferry Formation (Pojeta, 1979). Coordinates are 37( 58’ 27” N, 84( 28’ 30” W. Coletown 7.5-minute Geologic Quadrangle (Black, 1967). 

Site 7: Exposure in the Upper Ordovician (Edenian Stage) Clays Ferry Formation (Pojeta, 1979) at Scottish Links Apartments on Bold Bidder Drive in Fayette County, Kentucky, now covered. Coordinates are 37( 58’ 43” N, 84( 28’ 15” W. Coletown 7.5-minute Geologic Quadrangle (Black, 1967).
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Plate  1—Kentucky Ordovician phacopid trilobites. All specimens were coated with ammonium chloride sublimate prior to photography.
Fig. l, Ceraurinus icarus (Billings, 1860); cranidium, Site 1, Bardstown Member of the Drakes Formation, Richmondian Stage, Upper Ordovician, CMC-P50417, x1.9. 
Fig. 2-4, Ceraurus ruidus Cooper, 1953; 2, inverted cephalon, Site 2, Camp Nelson Limestone of the High Bridge Group, Blackriveran Stage, Upper Ordovician, CMC-P50418, x2.6; 3, librigena, Site 3, Curdsville Limestone Member of the Lexington Limestone, Kirkfieldian and Shermanian? stages, Upper Ordovician, CMC-P50419, x4.6; 4, pygidium, Site 3, Curdsville Limestone Member of Lexington Limestone, Kirkfieldian and Shermanian? stages, Upper Ordovician, CMC-P50420, x2.7. 
Fig. 5-7, Ceraurus milleranus Miller and Gurley, 1893; 5, 6, dorsal and ventral views of cranidium with hypostome and fragmentary thorax, Site 4, Fairview Formation, Maysvillian Stage, Upper Ordovician, CMC-P50422, x1.5; 7, cranidium with thorax and fragment of pygidium, Site 4, Fairview Formation, Maysvillian Stage, Upper Ordovician, CMC-P50423, x3.1. 
Fig. 8-10, Achatella achates (Billings, 1860); 8, partial glabella, Site 6, Clays Ferry Formation, Edenian Stage, Upper Ordovician, CMC-P50424, x3.6; 9, cephalon, Site 6, Clays Ferry Formation, Edenian Stage, Upper Ordovician, CMC-P50425, x3.2; 10, pygidium, Site 7, Clays Ferry Formation, Edenian Stage, Upper Ordovician, CMC-P50426, x3.2.
Fig. 11-15, Sceptaspis confluens (Foerste, 1919); all were collected at Site 2, Camp Nelson Limestone of the High Bridge Group, Blackriveran Stage, Upper Ordovician; 11, neotype cranidium, CMC-P50429, x4; 12, syntype cranidium, CMC-P50430, x3.9; 13, syntype cephalon, CMC-P50431, x5.7; 14, syntype pygidium, CMC-P50430, x7; 15, syntype pygidium, CMC-P50432, x6.5. 

Fig. 16-22, Eomonorachus bufo n. sp.; all were collected at Site 3, Curdsville Limestone Member of the Lexington Limestone, Kirkfieldian and Shermanian? stages, Upper Ordovician; 16, holotype cranidium, CMC-P50437, x5.2; 17, syntype cranidium, CMC-P50438, x5.3; 18, syntype cranidium, CMC-P50439, x3.5; 19, syntype cranidium, CMC-P50440, x3; 20, syntype pygidium, CMC-P50441, x4.7; 21, syntype pygidium, CMC-P50442, x3; 22, syntype librigena, CMC-P50440, x3.l.
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Figure 1.—Composite lithostratigraphic and time chart.
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